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Study of Future World Markets for Agricultural Aircraft 

SUMMARY 

This study was conducted to determlne the future world market for 
US-manufactured agrlcultural aircraft and to ldentlfy the special technology 
needs of forelgn markets lf dlfferent than the requirements of the US agrl
cultural aVlatlon industry. Speclal emphasls was placed on the developlng
country market, but the developed countries and the communist group were also 
lncluded ln the global market forecasts. Two scenarios were consldered in 
projectlng alrcraft needs to the year 2000--a nomlnal scenario based on con
tlnuatlon of past trends, and an advanced scenarlO involving a slgniflcant 
shlft toward aerlal fertilizatlon. In both scenarios the regional compOSl
tion of the fleet was estimated ln terms of requlred numbers of small-, medlum
and large-slze aircraft. The method of approach lncluded conslderatlon of 
fleld Slze, crop product lon, treated area, fleet productlvlty, and attrltlon 
ln each major world market. 

An operatlons analysls was conducted to compare the relatlve appllcatlon 
costs of varlOUS existlng and hypothetical future alrcraft. The alrplanes 
were evaluated over wlde ranges of fleld Slze and appllcatlon rate, and sen
SltlVlty studles were performed to identlfy lmportant technology parameters 
in both the developlng and developed country enVlronments. ThlS analysls was 
carrled over into a case study of Colombia as a speclfic example of a devel
oplng country in whlch agrlcultural aVlatlon is emerglng as an lmportant In
dustry. The case study included a data-gathering trlp to Colombia which formed 
the baslS for analyses and proJectlons of trends ln agrlcultural productlon 
and aerlal appllcatlons. 
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INTRODUCTION 

The begInnIng of the aerIal applicatIons industry, or ag-air as it IS 
often referred to, can be traced back to the early years of aVIatIon (Refs. 
1, 2), but ItS emergence as an Important element of world agrIculture IS a 
relatIvely recent development. The rapid growth of the ag-alr Industry in 
recent years can be explained by a combination of numerous factors, but the 
major factors are sImply the contInuIng need to Improve crop YIelds and re
duce labor costs. The motIvatIon for seekIng hIgher YIelds by aerIal applI
catIons can be prImarIly economic -- as when a farmer attempts to Increase 
hIS revenue through more IntensIve agrIculture; technIcal -- as when rapId 
response to a dIsease or pest problem can be achIeved only by aIr; or SOCIO
polItIcal -- as when government policy prescrIbes an aerIal program to 
ensure suffIcIent productIon of necessary crops. The result of these efforts 
IS expansion of ag-alr as an arm of world agrIculture. 

ContInued growth of ag-alr seems assured, although there are potentIal 
barrIers whIch could retard its growth. Among these are problems of enVIron
mental contamInation, shIftIng government prIorItIes, shortages of capItal, 
and Insufflclent dlssemlnatlon of technIcal knowledge. The major Impetus for 
continued growth IS the world food problem, whIch persIsts despite sIgnIfI
cant expansIon of cultIvated land area and yield Improvements. In the past 
decade, for example, world cereal YIeld (output/area) has Increased 28 per
cent, and harvested cereal area Increased 12 percent (Ref. 3). PopulatIon 
Increased 21 percent durIng the same perIod, suggesting some per capita gaIn 
on a worldwIde basIs. However, whereas a substantIal part of the cereal 
productIon lncrease occurred In the developed countrIes, almost all the 
populatIon increase occurred In less-developed countrIes (LDCs). Thus, much 
of the world still falls far short of producing suffICIent food graIns, and 
the per-capita nutrItIonal defIcIt contInues to be about 250 cal/day In the 
developIng countrIes (Ref. 4). 

RecognItIon of the serIOUS complIcations of a contInuIng food Imbalance 
has prompted some basIc changes In the tradItIonal emphasIs on IndustrIalIza
tIon as the prImary means of economIC growth for less-developed countrIes, or 
LDCs. In recent years, the need to achIeve a high degree of food Independence 
as a prerequIsIte for natIonal development (Ref. 5), has gaIned wIde support, 
and some reorientation of natIonal goals and reallocatIon of resources has 
occurred. One-thIrd of World Bank and International Development AssocIatIon 
loans to LDCs are for agricultural development, more than double the amount 
for any other sector (Ref. 6). The NatIonal Academy of Sciences has called 
for a "major expansIon of agricultural science and technology" as a first 
prIority to "mitIgate the otherwIse catastrophIc effects of almost Inevitable 
crop fadures" (Ref. 7). 
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W~th this background, it is clear that agr~cultural development, ~nclud

ing ~mplementation of technology, w~ll experience increased attent~on ~n 

future years. S~nce aerial application of fung~c~des, insectic~des, herb~

cides, fertil~zers and seeds has been demonstrated to be benefic~al for a 
wide var~ety of crops, there should be increased emphasis on ag-air as one 
element of the solution to the world food problem. Therefore, the NASA 
program to sponsor technology ~mprovements which can make aer~al appl~cations 
more eff~cient, safer, and more cost-effective (Ref. 8) offers a direct and 
mean~ngful contr~but~on to a ser~ous world problem. Furthermore, since the 
US general aviation industry is the major supplier of ag-a~rcraft, NASA 
technology developments ~n th~s program would also benefit the US av~at~on 
commun~ty. 

The domestic market has accounted for most shipments of US-manufactured 
ag-aircraft. S~nce the US ag-air industry is fa~rly well def~ned with regard 
to available market and agricultural data, the relevance of NASA's program to 
the US market can be establ~shed with some degree of assurance. For most of 
the world, however, the relevance of technological ~mprovements is not clear. 
Accord~ngly, th~s study was undertaken to provide gu~dance to the program on 
the nature of ag-air technology requirements in foreign markets, particularly 
in the developing countries, where the need to make great strides in agr~cul
tural product~on is most pressing. 

The objectives of the study have been to: 1) determ~ne the structure of 
the world ag-aircraft market; 2) ~dent~fy new markets which may emerge ~n the 
per~od between the present and the end of the century; 3) ~dentify the requ~red 
character~st~cs of new aircraft ~n order to compete in these markets and, 4) 
perform a case study of one developing country to obtain specif~c ~nformation 
on LDC technology needs. 
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AGRICULTURAL AIRCRAFT MARKETS 

The initial task in th1s study was an analys1s of the past and present 
world market for ag-aircraft, the objective being to gain an understanding of 
market structure which would serve as a starting point in making project10ns 
of future needs to the year 2000. Therefore, this section is organized 1n 
two parts; the f1rst dea11ng with the historical per10d and the second deal-

.ing with the future. 

Histor1cal Period 

Almost all a1rcraft used for agr1cultural purposes are concentrated in 
two countries -- the USA and the USSR -- and many countr1es throughout the 
world operate only small fleets, some of which are not even registered 1n 
the country of use. Furthermore, available data on fleet S1ze and extent of 
operations (hours flown or area treated) are out of date or subject to error 
because of variat10ns in census methods among developing countries. For ex
ample, multipurpose aircraft may be counted even though their agr1cultural 
ut1l1zat1on 1S minor. Also, since agricultural regions extend beyond nat10nal 
boundar1es and ag-aviat10n 1S d1rectly coupled to the nature of agriculture 
in each region, world market structure was analyzed according to the major 
agricultural regions of the world rather than on a country-by-country basis. 
The reg10ns selected for study are l1sted below and shown pictorially 1n Fig.l. 

Developed Countries 

North Amer1ca (US and Canada) 

Oceania (Australia and New Zealand) 
Western Europe 
Other: Japan, Israel, South Africa 

Developing Countries 

Tropical Latin America 
Temperate Latin Amer1ca 
Near East 
West Afr1ca 
East Africa 
South Asia 
East Asia 
MeX1CO 

Communist Countries 

USSR 
Eastern Europe 
Asia 

4 
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Although th1S regional breakdown was used whenever poss1ble dur1ng the 
study, there were instances when it became impract1cal to adhere str1ctly to 
the IlSt as shown. For example, East and West Afr1ca were somet1mes grouped 
together because of sparsity of data on the two regions; similarly, South 
AS1a was usually grouped w1th East AS1a. Conversely, the US and Canada were 
often treated as 1ndividual countries because of the preponderance of ava1la
ble data perta1n1ng to the us. 

The extent of annual ag-a1r act1v1ty is usually expressed as either area 
treated or hours flown. Area treated includes mult1ple appl1cat1ons to most 
farms; therefore, 1t always exceeds farm area treated, often by a cons1derable 
amount. Adopting the most cred1ble data available, the h1story of ag-a1r ac
t1V1ty, 1n terms of annual area treated, was determ1ned for major country groups. 
The results, shown 1n F1g. 2, demonstrate clearly that the US and the USSR 
account for about 60 percent of world activ1ty and that th1S share has been 
relat1vely constant over the last decade. In the pr10r per1od, v1rtually all 
aerlal treatment was conflned to these two countrles. 

All data for the US 1n Flg. 2 were taken from FAA publ1cat1ons (Ref. 9) 
datlng back to the 1940s. These data are by far the most credible of the 
sources ut1llzed to construct the histor1cal picture of aer1al treatment over 
the perlod shown. The informatlon for USSR aerlal treatment was obtained 
from Ref. 2, which is a NASA translation of a recent Russian publication, and 
from Ref. 10, whlCh 1ncluded a survey of many countr1es throughout the world. 
The survey data from Ref. 10 were also used to show recent trends ln other 
developed and developing natlons, w1th adaptat10ns made at UTRC to compensate 
for about a ten-year var1at1on ln the census sources. Estlmates of worldw1de 
aerlal treatment for the 1950-to-1965 period were taken from Ref. 11, wolch 
1S the least cred1ble of all the sources used. 

When the same sources were used (except for Ref. 11) to describe the 
h1story of the world ag-a1r fleet Slnce 1950, the trends shown 1n F1g. 3 
emerged. There are, at present, over 25,000 a1rcraft actlve in aer1al 
treatment throughout the world although, as noted earller, some are ut1llzed 
only part-t1me for agrlculture. The USSR's large fleet of 10,000 a1rcraft, 
for 1nstance, cons1sts ent1rely of mult1Purpose models Wh1Ch serve as trans
ports in passenger and cargo service as well as for aerial treatment (Ref. 2). 

Agrlcultural Alrplane Characteristics 

Although many a1rplane models are used in agr1cultural operat1ons, the 
number of models produced spec1f1cally for agrlcultural use is relatlvely 
small. Moreover, not all ag-alrcraft tabulated ln the literature are belng 
produced at present. Therefore, for the purposes of th1S study, emphasls 
has been placed on models designated for agrlcultural use by their pr1mary 
manufacturers, or offered as converSlons by secondary manufacturers. A 
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comprehensive listing of all such aircraft produced in the developed coun
tries is provided 1n Table 1. A second list, Table 2, summarizes the models 
presently 1n production in the developing countr1es*. The formats of the 
two tables are 1dentical. 

The data presented 1n Tables 1 and 2 for the various a1rplanes fall into 
three categories: 

1. Physical characterist1cs, including weights, dimensions, and power 

2. Performance cr1ter1a such as range, endurance, and speeds, and 

3. Economic measures, includ1ng price and operat1ng cost. 

The physical and performance data were extracted from several sources, 
part1cularly Refs. 12-14. Price information was obtained from Refs. 12 and 
15, with add1tional entries estimated according to the pr1ce correlat10ns 
in F1gs. 4 and 5. These figures correlate flyaway pr1ce with airplane empty 
weight. A more accurate method would be to correlate airframe pr1ce (flyaway 
price less price of eng1nes) with airframe weight (empty we1ght less weight 
of engines). However, because so many models are powered by used engines, 
for which precise costs are unavallable, that method was not employed. Oper
at1ng costs were estimated by the method summarized 1n Table 3, wh1ch was 
based on Refs. I, 16 and 17, and are included only to provide a general oper
ating cost comparlson of aircraft types by a consistent method of analysis.** 
Note, particularly, that a1rplane pr1ce enters the operat1ng cost calculation 
in several places, and that only estimated pr1ces were available for many of 
the aircraft 1n Tables 1 and 2. 

Competlt10n from Foreign Manufacturers 

Represented in Tables 1 and 2 are f1fteen countr1es, produc1ng a total 
of 44 ag-aircraft models. The breakdown by sector, country, manufacturer, 
and model 1S as follows: 

Sector Countries Manufacturers Models 

Un1ted States 
Other Developed 
Eastern Europe 
Developing Countries 

TOTAL 

1 
6 
4 
4 

15 

* . f' bl 1 d Some a1rcra t 1n Ta es and 2 are propose 
production. Others are agricultural models 
production output is for other purposes. 

10 22 
7 9 
4 4 
4 9 

25 44 

models which are not yet 1n 
of util1ty aircraft for wh1ch most 

**Other sources of operating costs may differ depending on the methods used 
for estimation and the cost elements 1ncluded, particularly ind1rect costs 
such as insurance, taxes, airstrips and hangars. 

9 



TABLE 1 

CHARACTERISTICS OF AGRICULTURAL AIRCRAFT 

Developed Countries 

France 

Italy 

Aero.pathl. 
Socata 

S11.,ercraft 

Svit&er1.nd PUatUli 

USA Air Tractor 

SA )15B La_ (M) 
RALl YE 180 GT 

SR-200 (H) 

rL-12 Airtruk 
T-320 AJrtruk 

Fletcher fU 24-950 
Cresco 

rc-6 Turbo Porter 

AT-30I (Snow 8-211) 
AT-le2 

Turboll'leca 
lycoming 

Artou<ite IIlB (1 sl,aft) 
0-360 All. 

Lycoming LKIO-)60-CIA 

RR Cont 10-5200 
Cont Tiara 6-320-211 

Lycornln~ 10-12o-A1B 
LTP-IOl 

P'WAC rTE-A.-27 

r&w R-1J40 
LvcolDin~ LTP-IOI (Turborrop) 

Coat. Copters Hlt V-A (1-47) (H) 
Kk YI-_II (8-41) (H) 

\O-4)5-AlF 
T\O-4 )5-81A 

e ..... 

Ealle 

Gulf "-I' 

BUler ....... 
Piper 

Weatherl, 

USSR 

AI: \l&1.0D 
A& Carryall 
A& Truclr. 

Ag Huky 

'00 

HA-l 
HA-lB 

Al8S! 
A185F 
A1888 

Aless 

Aa Cat G-I64B 
A& Cat C-164C 
Turbo Cat (Fralr.u Con) 

UH-12E (H) 

lOOCD(H) 
500D (R) 

Cont IO-520-D 

T51O-520-T 

LycOlftlng 10-720 

P.W 
Wright 

Cont 
P.W 
P&WAC 

R-1340 
R-IS20 

R-975 
R-1340 
rt6A-34AC 

LycomLng Vo-540-C2A 

Lycowling HID-36D-DIA 
AUhon 25(}-C20B (Turboshaft) 

:::~D ::::: Brave 300 L
y

c?lIIln
g 0-540-B20 

I(}-54(}-KlC 5 
I(}-720-DICD PA-)6 Pavn"e Brne 375 

Thrush 600 Plio\-I 
Thrush 800 Wrtpt l 
Turbo Thrush Plio\- K 

laIC 

JA-26 (H) 

R-1l40 
'-1300 
PT6A-34AC 

R-98S 

1"-14V-26 (T\otn T shaft) 

(1) (H) deaf.".tes helicopter (6) FlaJ'~ down 
(2) 12171 prlc.ea, ( ) are eaU_tu 
(3) Ceoer.U,.t _ . .:1_ fuel 
(4) Upper wIlli: (blpleoe) 
(5) Blll'Il!d on Gulfstrea. Alllerican price 

for nev airplenl! 

(7) FCOMlllical cruisln!i' speed 
(8) Crutsin! I<pt'ed at 75% I'o ... ·t"r 
(9) Ba'H'd on 500 hr/yr aircrAft 

utllizatl<·n 

IS) 

224 
242 

298 
438 

410 

447 
447 

194 
16' 

22. 
224 

"4 
231 

298 

447 
671 

)91 
447 
5>' 

25' 

142 
311 

", 
224 
280 

447 ,,7 
5>9 

))6 

48' 

862 

185S 
1855 

246] 
)115 

2770 

2994 
2994 

UU 
129) 

1814 
1520 
1905 

2000 

2)69 

3175 
)269 

2756 
2756 
2756 

1270 

910 
1361 

1315 
1769 
1769 

3130 
3538 
3720 

2177 

2980 

40\ 

77> 
81b 

1207 
11)) 

1215 

163) 
147 .. 

6" 
676 

987 
86' 

101) 

1042 

1199 

1610 
1928 

1)80 
1656 
1273 

798 

"6 
6" 

70. 
10)9 
1102 

1678 
1860 
16)) 

U70 

2216 

250 

907 

10')2 
IS31 

1132 

171 
"0 
b" 
411 
72' 
781 

914 

1247 
1360 

1134 

1248 

144 
"6 
480 

4" 
"7 
6'8 
437 
748 

802 

900 

818 
816 

1045 
1705 

1330 

1218 
1216 

7" '71 
1060 

1060 ... 
170) 
170) 

11)6 
189) 
11)6 

10' 

la' 
b80 

"8 
1041 
1041 

1515 
1515 
ISIS 

1022 

11 9S(4) 23 80 

11 98 2J 48 

11 81 27 II 
12 81 27 31 

IS 1) 28 80 

1372 
JJ 72 

12 41 
10 92 
12 68 
12 68 

16 ')0 

12- 70(4) 

12 88(4) 
10 95(4) 

11 02 
11 80 
11 aD 

11 69 

25 08 
25 08 

18 80 
16 20 
19 04 
19 04 

34 74 

)7 16 

)6 42 
30 47 

17 00 
20 90 
20 90 

3D 34 
10 J .. 
JO 34 

2J ]'l 

5111<111 
205(8) 

709 I-.JI! 195 
) 9 hr 22,)(8) 

4 n hr 167 

56) kill 225(7) 
60) "--

1 5 hr 
1 5 hr 

2 6 hr 
4 1 hr 
2 6 hr 
)(\2 bt 

505 bt 192 

835 k. 
706 h 

)46 kill 

) 0 hr 
2 0 hr 

167 1., 

'6' 
18' 
178 

2 1 hr 139 
103(' kill 189 

861 "III 193 

2 4 hr 18., 
I .., hr 202 
I 9 hr 148 

176 

17 hr 

'7 
87 

91 
97 

70 

86 

106 
91 ., 
" 
8S 

104 
117 

'6 
96 ., 

.8 
111 

"' 
106 
10. 
106 

111 

(4') 000) 

(44,600) 
(46 100) 

81,415 
(159 000) 

(16],000) 

64,900 
127 .000 

52,000 
62,000 

41.950 
49 400 
49.400 
54 800 

(60 000) 

62,300 
12,500 

71 410 
83,965 

187,500(5) 

89 890 

69 000 
210,000 

)8,220 
54 160 
7] 170 

84,900 
85,900 

184 SOD 

54 000 

075 000) 

279 
61 

74 

74 
77 

100 
145 

144 

107 
130 

88 

8' 
74 
17 
17 
79 

.0 

100 
111 

10' 
U7 
170 

121 

., 
1., 

'6 
79 
94 

117 
111 
169 

91 

120 



TABLE 2 

Cl~RACTERISTICS OF AGRICULTURAL AIRCRAFT 

Developing Countries 

Airframe 
Hodel DeSiF'nation O ) 

~f'a Ll've 1 J.lio.eof( Empty hopper I.'tn~ "Inf' Rlln~E> or Worl-inp "tall (6) 
~!~~:H) ~::t (~~er Country Manufacturer E,. HI, ~nrln .. Designation I'oloier \"elght Weight Payload (3) Capadty "ri\n "rea Endurance C:;pf'ed C:;peed 

"1 '- '- " liter'> m2 km/hr km/hr 1978 $ 5thr 

Argentina Aero Boero lbO Ag J }lto.lng t1-~l,O '9' I J50 720 '00 '00 10 90 It 41 1100 "m 175(7) 97 (42,500) 70 

Brazil EmbrHf"r IpanelQ.8 HIB-20IA Lycolling to-S40-KiDS 214 lElOO '34 750 .80 11 69 19 94 880 km 20,)(8) '2 68 000 R6 

Czechoslovakia L .. Cmelak Z-217 Walter tl-4fi2 RF 235 1850 1045 .00 .'0 1222 23 80 MO kill 120 81 (54,800) Rl 

India HAL Basant HA-Jl Uk 2 lycolllinp: lO-720-ClB 298 2185 122) 760 ')' 12 00 2] 34 1 0 hr '45 91 (61,600) 90 

Hexico Anahuac TauTO 300 Jacobs 
I-' 

R-755-All-'1 224 2065 '.0 800 870 11 45 20 24 375 km 135(7) 80 (51 (00) 78 

I-' Romanh leA-Busov IAR-B22 LycoadnR 10-540 r ID5 21. 1900 lOBO .)0 .00 12 BO 2600 3 a hr 120-160 8e (56 100) 79 
IAR-827 Ifi-720-DAifl 298 2)')0 1280 800 1200 14 00 29 00 2 5 hr 110 (63,700) 91 

YUBoll.via UTV. Super rrtvnodinek. 3"0 Lycowdnp: If (1-')40-AIC 261 2010 1135 .00 12 90 20 53 120 km 160(7) 88 (58,200) R, - -
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FIG 4 
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AIRPLANE PRICE CORRELATION FOR PISTON-POWERED AG AIRCRAFT 

100 

90 

80 

M 
0 

70 .-
~ 
w 
u 
a::: 
a.. 
>-
~ 
3: 
~ 60 >-
...J 
LL 

W 
Z 
~ 
...J 
a.. 
a::: 
~ 50 

40 
o 

30 

800 1000 1200 1400 1600 1800 

AIRPLANE EMPTY WEIGHT,kg 

78~07~17~1 

12 



FIG.5 

AIRPLANE PRICE CORRELATIONS 
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TABLE 3 

OPERATING COST ESTIMATION 

Annual (Fixed) Costs- $/year 

DeprecJ.ation (l+SF) (l-SV)CF 

TD 

Interest CF(l+SV) IR 

2 100 

Taxes & License CF(l+SV) TR 
--

2 100 

Hangar & Airstrip . CF(l+SV) FR 

2 100 

Insurance RHCF (l+SV) CFRF --+ --+ 2220 
100 2 100 

Hourll: (Vanable) Costs - $/hr 

* Fuel & Oil P . SFC • CG 
2p 

(0.054 • p) + 7 Piston 
Maintenance & Overhaul (0.053 · p) + 2 TurbJ.ne 

(0.210 · p) - 10 HelJ.copter 

Crew 18 

CF Flyaway Cost, $ ~ Hull Insurance = 3%/yr 
SF Spares Factor 0.1 RF Fire, Theft & Damage = 2.5%/yr 
SV Salvage Val. Factor = 0.1 P Power, kW 

Piston Turbine 
TD DeprecJ.atJ.on PerJ.od 10 yrs p Fuel Density, kg/liter = 0.607 0.679 

IR Interest Rate 10%/yr SFC = Specific Fuel Cons. , kg 
hr-kW 0.304 0.347 

TR Tax & License Rate 6%/yr CG Fuel Cost, $/liter = 0.193 0.163 

FR FacilJ.ties Rate = 3%/yr 

* Factor of 2 in denominator accounts for assumption that operating power at working 
speed equals 1/2 rated takeoff power 



In this breakdown, the Eastern European Communist countries are listed 
separately, although the smaller ones are grouped with the Developing 
Countries in Table 2; the USSR is ~ncluded in the Other Developed Country 

* category . 

Product~on volumes are unavailable for most models of foreign manufac
ture, but ser~ous competit~on to US manufacturers is posed only by those 
countr~es with established (or rap~dly grow~ng) industries, and even then the 
~S w~ll achieve sign~f~cant penetration. Although other developed countr~es 
m~ght be expected to be ~mportant in this regard, the follow~ng data suggest 
that this 1S not the case. 

1976 
Country Fleet ---

Austral~a 247 
France 90 
Italy 32 
New Zealand 451 
Sw~tzerland 

USSR 10,000 
USA 8,646 

US Models as 
Percent of Fleet 

68 
82 

66 

'" 100 

Recent Shipments 
of US A~rcraft 

1975-1978 

35 
4 
6 
6 

26 
o 

1544 

Dashed llne ~nd~cates no data ava~lable 

For Austral~a, France, and New Zealand, the large percentage of US 
models in current fleets shows that US manufacturers penetrate these markets 
desp~te compet~tion from domest~c manufacturers. In the case of Italy, only 
a s~ngle hel~copter ~s manufactured for agricultural purposes. Switzerland 
also has one manufacturer, Pilatus, Which produces the Turboporter, a fairly 
large, turb~ne-powered model. The unusually large number of sh~pments to 
Sw~tzerland can be explained by the fact that Switzerland is a distribution 
po~nt to other European nations and the Near East. Although the USSR has a 

h~ghly developed technology base, ~t ~s not act~ve in the manufacture of 
agr~cultural a~rcraft, as noted above. The ~mpl~cat~ons of the USSR's tech
nolog~cal strength w~ll affect the marketplace, however, through transfer 
of th1S capab~llty to Poland. 

* The Russ1an/Pol~sh cooperative effort in the ag-air industry is known to 
be extens~ve. In general, R&D is centered ~n the USSR, and production and 
export are the activities of the Poles. However, Polish R&D is on the 
increase (Ref. 18). Also, only one manufacturer 1S counted for Poland, 
even though product~on occurs at three plants: Mielec, Okecie, and Swidnik. 
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The following tabulation summarIzes, for the developIng countries in 
Table 2, data SImIlar to those presented above for the developed natIons. 

Country 

Argentina 
BraZIl 
CzechoslovakIa 
IndIa 
MeXICO 
Poland 
RomanIa 
YugoslaVIa 

Fleet 

539 
219 

92 
50 

800 
50 

46 

US Models as 
Percent of Fleet 

32 

15 

Recent Shipments 
of US AIrcraft 

1975-1978 

84 
56 
o 
o 
7 
o 
o 

11 

W~thin th~s group, Argent~na, Braz~l, and Yugoslav~a have all received large 
shipments of US airplanes recently, Ind1cating good penetrat10n by US manu
facturers. However, Braz11's Ipanema comprises almost 70 percent of that 
country's fleet (Ref. 19), and over 300 of these a1rplanes have been produced 
for Braz11, Uruguay, and Paraguay (Ref. 20). Furthermore, Brazil's import 
tarIff polICIes have made US penetratIon of the BraZIlIan market 1ncreas1ngly 
d1fficult in recent years (Ref. 17). 

Mexico's fleet 1S qU1te large, but apparently deceptively so SInce the 
use rate of these a1rplanes 1S low (150 to 200 hours per year per a1rcraft, 
accord1ng to Ref. 10). Although the market for ag-airplanes 1n Mexico is 
thought to be large (Ref. 21), recent US shIpments have been meager. L1ke 
Braz~l and other countries, Mexico has protected its manufacturers by import 
duties. But In the long term, the 1nabllity of the domestIC Industry to meet 
expected demand for airplanes should open that market to US manufacturers. 
In any case, the Mex1can 1ndustry 1S unlikely to compete with the US except 
for the MeXIcan domestic market. 

For a country of India's Slze, 1ts ag-a1r fleet 1S quite small (Ref. 19). 
It 1S not known how many US a1rcraft, if any, are operating in IndIa, but it 
has not been an Important market for the US, as IndIcated by the lack of sales 
1n recent years. Although Ind1a has an act1ve manufacturing 1ndustry, ~t is 
not a competItor to the US In the agrIcultural aircraft market. 

The Eastern European Communist nations have relied exclusively on theIr 
own aIrcraft. As shown in the above table, there have been no shIpments of 
US a1rplanes to CzechoslovakIa, Poland, or Roman1a. However, while the US 

has not marketed its airplanes to this bloc, neither do the Eastern European 
natIons export the1r products directly to the West, although Poland has made 
some initiatives in this direction. An attempt at a cooperative venture with 
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Rockwell International in the development of the M-18 Dromader is one example. 
Other examples are exhibition of its aircraft in Western air shows, and ex
ploratory moves to have 1tS Shvetsov ASz-62lR 746 kW (1000 HP) radial engine 
adopted as a replacement for out-of-production US eng1nes (P&W R-1340, Wr1ght 
R-1300), for which the supply 1S being depleted. 

The above arguments 1ndicate that, of all the countries producing 
ag-airplanes, only Poland is 1n a position to compete effect1vely with the 
US in the future. The Polish industry produces a w1de var1ety of models, 
includ1ng the large An-2 and M-15 a1rcraft, Which have capacit1es far in 
excess of US models. The M-15 1S unique both 1n 1tS large size and in its 
turbofan-powered biplane design. However, it appears to be un1quely ta1lored 
to h1gh-volume aerial fert1lizing, and 1tS applicat10n elsewhere in the world 
w111 depend on its ability to penetrate the ferti11zer market wh1ch has been 
traditionally served by ground equipment. Even the Poles do not plan to 
operate the M-15 because the fields 1n Poland are much smaller than in the 
USSR and are 85 percent-owned by small farmers. Some 3000 M-15s have been 
ordered by the USSR and, as of mid-1977, 100 had been delivered (Ref. 22). 

It 1S conceivable that other countries w1th established a1rcraft 1ndus
tr1es, but not presently produc1ng agr1cultural models, could enter the 
picture 1n the future. The United Kingdom, Japan, and West Germany are 
examples of qualif1ed entrants to the ag-aircraft market. However, none of 
these countries 1S a major user of aircraft 1n agriculture. (The most recent 
fleet est1mates from Ref. 10 are: UK - 116, Japan - 173, and West Germany -
18). Without a large domest1c requ1rement to serve as a reliable production 
base, they are un11kely to J01n this already compet1t1ve marketplace. 

Another competitive factor, and one which may weigh heav1ly in the 
future marketing of ag-airplanes in developing countries, is the export of 
complete agricultural services utilizing aircraft. At present, CIBA-GEIGY 
(Sw1tzerland) and ZUA (Poland) are act1ve 1n this field, primarily using 
aircraft suppl1ed by aff111ated domestic manufacturers (Pilatus in Switzer
land and PZL 1n Poland). The advantage of such a service to a develop1ng 
country is that the technolog1cal and managerial infrastructures normally 
prerequ1site to an ag-air program need not be present to take advantage of 
the benefits of aerial applications When a fully qual1fied team of fore1gn 
technicians and managers 1S hired to execute a complete program. D1sadvan
tages are that the service may be expensive, the developing country may not 
be encouraged to develop its own capabil1ty under these conditions, m1nimal 
domestic employment is stimulated, and a foreign exchange debit is suffered. 
Nevertheless, the 1nducement for develop1ng countr1es to 1mport such services 
has led to CIBA-GEIGY programs in Indonesia, Bangladesh, Pakistan, Sudan, 
Egypt, Saudi Arabia, Morocco, Ghana, Niger1a, Za1re, and the Central African 
Republic, and ZUA programs in Egypt, Sudan, Libya, Tunisia, Alger1a, and 
several East European countries (Refs. 23 and 24). 
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A breakdown of fleets by major world reg~ons is prov~ded ~n F~g. 6, 
showing that the USSR and the US account for 72 percent of the total world 
fleet, the Latin American countries (~nclud~ng Mex~co) account for an add~
tional 11 percent, Ocean~a and Canada account for about 7 percent, and the 
remaining 10 percent is fragmented among the Asian, Afr~can, and European 
groups. However, F~g. 6 indicates only Wh~ch reg~ons are the primary users 
of ag-a~rplanes; ~t cannot necessarily be inferred that these same reg~ons 
are the major markets for US-manufactured models. 

A detailed account~ng of US agricultural a~rcraft sh~pments s~nce 1960 
appears ~n Table 4. 
and what portion of 
these data ~s glven 

Th~s tabulat~on shows how many of each model were sh~pped, 
* these were export sh~pments s~nce 1970. A plot of 

1n F1g. 7; f1gures for 1978 were projected on the bas1s 
of sh~pments through May 31, 1978. The sharp r~se ~n shipments in the early 
1970s was dramatic, but was not susta~ned. Thus, cumulat~ve sh~pments have 
trended upward as dep~cted ~n F~g. 8. 

Although the average size of the airplanes sh~pped has increased, the 
value of shipments has not ~ncreased faster than un~ts shipped. Using the 
average takeoff we~ghts and a~rplane pr~ces indicated ~n Table 4, F~gs. 9 and 
10 show these trends. Average takeoff weight increased markedly in the early 
part of the period shown in F~g. 9, but has remained relat~vely constant 
s~nce then. Exported airplanes have been, on the average, sl~ghtly smaller 
than those purchased by US operators. Compar~ng F~g. 10 with F~g. 7, ~t can 
be seen that the trends in value of sh~pments and un~ts sh~pped are almost 
identical from about 1968 to the present. 

An analysis was made of recent exports of US ag-airplanes to determine 
the nature of the world market. Data were obtained from GAMA for the per~od 
January 1, 1975 to May 31, 1978, and shipments were div~ded into the same 
world reg~ons ~nd~cated in Fig. 1, except that the USSR, Ch~na, and the 
Eastern European nation groups did not apply s~nce no US sh~pments were made 
to these groups. The US ~s obviously not ~ncluded as a rec~pient of export 
sh~pments. The results of th~s analys~s are presented ~n Figs. 11 to 15 for 
var~ous model groupings, and ~n F~g. 16 for the total of all US models 
exported. 

The one cons~stent trend ~n F~gs. 11 to 15 is that Tropical Lat~n 
Amer~ca has been the major market for all of the airplane model group~ngs 
except the Piper Pawnee; the greatest number of Piper Pawnee exports was to 
Temperate Latin Amer~ca. Europe was also an important market for the Pawnee, 
but less so for the Pawnee Brave. Although the Cessna models were exported 
to every region, the Tropical Lat~n American countries were clearly the major 
purchasers. Among the larger airplanes, the Grumman Ag Cat sold well in 

*Data from 1970 to the present were gathered by GAMA, Whereas earl~er data 
are based on AlA f~gures, Which are not in the same format. 

18 



... 
'" g 
I 
~ 
U1 
U1 
I 
~ 

o 

ASIA 

JAPAN 

T SOUTH 
AFRICA 

AFRICA 

ISRAEL 

tTl 
o 
o 
I 

FLEET SIZE 

1 MEXICO 

o 
o 
o 
I 

I CANADA 

TEMPER8TE 
LATIN AMERICA 

OCEANIA 

EASTERN 
EUROPE 

NEAR EAST 

I OTHE8 COMMUNIST 
NATIONS 

WESTERN 
EUROPE 

TROPICAL 
LATIN AMERICA 

tTl 
o 
0 

I 

! 
1 USSR 

10,000 

USA 
8646 

~ 
0 
:lJ 
r 
0 

OJ » 
~ C) (J) 
m :lJ 
0 
0 n 
z c 
~ !:j <.0 
-.J 
Ol C 
"T1 :lJ r » m 
m r -l 
-l » 
0 
-l :lJ 
~ n r :lJ 
0 » "T1 
N " Ol -I b 
0 " 0 r 
~ m 
:0 m 
n -I 
:0 
~ OJ 
"T1 -< -l 

:lJ 
m 
C) 

0 
Z 



N 
o 

Manufacturer: Piper 

Pawnee 
Pawnee Brave 

Year 235/260 280/300/375 

All 1960 363 -
Shipments 1965 634 -

1966 432 -
1967 314 -
1968 211 -
1969 206 -
1970 138 -
1971 127 -
1972 63 -
1973 42 62 
1974 328 40 
1975 163 180 
1976 114 71 
197~ 94 164 
197 35 52 

Exports 1970 82 -
1971 36 -
1972 35 -
1973 42 28 
1974 160 17 
1975 49 32 
1976 20 28 
1977(3) 72 43 
1978 23 20 

Avg. Price 38,220 55,000 
1976 $ 

Avg. Takeoff 1,315 1,769 
Weight, kg 

TABLE 4 

AGRICULTURAL AIRCRAFT SHIPMENTS 

SOURCE: GAMA 

Grumman 
Cessna American 

Ag 
Carryall/ Ag Ag 

Plckup Wagon Truck Ag Cat 

- - - -
- - - -
- 193 - 57 
- 95 - 52 
- 143 - -
- 148 - -
- 118 - -
- 140 - 103 
30 182 42 142 
23 169 157 175 
24 155 350 185 
38 75 388 228 
18 51 333 255 
12 36 269 207 

3 7 86 76 

- 43 - -
- 48 - -

9 50 7 -
9 93 22 24 
9 83 63 43 

18 38 75 62 
9 27 75 18 
9 27 116 41 
3 1 21 5 

49,400 43,950 49,650 58,800 

1,520 1,814 1,905 2,756 

Rockwell International 

Thrush (1) 
Aero(2) All 

Commander US 
600/800/Turbo Connnander Total 

- - 363 

- - 634 
- - 682 
- - 461 
- 130 4811 

45 201 600 
47 - 303 
52 - 422 
99 - 558 

162 - 790 
253 - 1335 
100 - 1172 
138 - 983 
121 - 903 

61 - 320 

12 9 146 
20 5 109 
30 1 132 
58 - 276 

100 - 475 
10 - 284 
32 - 209 
38 - 351 

- 73 

78,500 65,250 

3,463 3,300 

(1) Production by Fred Ayres in 1978 - (2) Includes Lark, Sparrow, Quail, Darter - (3) 1978 Data thru May 31, 1978 

J J J _ J __ J ___ 1 



FIG 7 

SHIPMENTS OF U.S. AGRICULTURAL AIRCRAFT 
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FIG.8 

CUMULATIVE SHIPMENTS OF U.S. AGRICULTURAL AIRCRAFT 
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AVERAGE TAKE OFF WEIGHTS OF U.S. AIRPLANES SHIPPED 
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Europe and the Near East as well as Tropical Latin America, but the secondary 
markets for the Thrush Commander series, East Africa and the Near East, were 
much smaller. The fact that only certa1n manufacturers have access to par
ticular markets because of government licensing policies (usually cont1ngent 
on some degree of local manufacture) causes some distortion of these data. 
For example, Piper and Cessna models are assembled in Colombia for distribu
tion to the Andean Pact nations -- Bollvia, Chile, Colombia, Ecuador, and 
Peru. Thus, operators in these countries can purchase Piper and Cessna 
models wlthout the large 1mport duties 1mposed on other aircraft such as 
the Ag Cat and Thrush. Since the latter are the largest US-made aircraft, 
exports to this region would naturally show some bias toward smaller aircraft. 
However, because the market structure adopted here incorporates both Central 
and South Amerlcan nations lnto the Tropical Latin Amerlca category, this 
blas lS not evident ln the data. Similar s1tuations also exist ln other 
parts of the world because of the desire of developing countries to promote 
local manufacture of airplanes (Ref. 17). Also, some nations act as distri
bution points for deliveries to thelr region (Switzerland for European 
countries, US for Canada) thereby tending to dlstort export statist1cs. 

The domlnance of the Tropical Latln Amerlcan nations as a market for US 
agricultural airplanes in recent years is shown clearly in Fig. 16. Almost 
half of all shipments went to each of the next three biggest markets -
Europe, Temperate Latln America, and the Near East. Canada, Oceania, and 
East Africa each accounted for about 5 percent, and the remaining 6 percent 
was spread among the other four regions. It is also lmportant to note that 
developed countrles are conf1ned to the first three bars (Canada, Western 
Europe, and Oceanla) in Flg. 16 and that they comprise less than 20 percent 
of the shipments outslde the US. Thus, the developing nations have been the 
primary base of the US export market for agr1cultural aircraft, and Lat1n 
Amerlca has been the most lmportant region for such exports. 

When the shipment data of F1g. 16 are compared wlth existing foreign 
fleet data from Fig. 6, an idea of recent ag-air growth trends can be gained. 
The plot in Fig. 17 shows the percent of the fore1gn ag-air fleet (excluding 
USSR and other communist nations) 1n each region compared to the percent of 
recent US shipments to each region. If the entire foreign fleet and all 
recent deliverles conslsted exclusively of US aircraft, this chart would 
provlde a definltive statement about the relative growth of current ag-air 
markets. However, even though US aircraft dominate in the non-communist 
fleet, there are enough regional exceptions to cloud the plcture. Nonethe
less, there can be no question that the Tropical Latin American region 1S 
presently the hlgh-growth market for ag-alrcraft. 

Future Market Growth 

The previous section has documented historical growth patterns 1n the 
aerlal applications industry, including recent trends ln each world region. 
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In this section, project10ns are developed for the same reg10ns to the year 
2000 1n order to 1dentify the types of a1rcraft wh~ch will be required in 
this future period and thelr expected d1stribution by world reg10n. Because 
of the llnportance of the US ag-a1rcraft ~ndustry and the cred1bility of 1ts 
data, a detailed analys1s has been made of the US market. The analysis for 
other world regions is then developed by a parallel approach, using data 
character1st1c of US operations where necessary, but adapt1ng these data to 
apply 1n the fore1gn enV1ronments. 

General Approach to Market Analys1s 

As a f1rst step 1n project1ng the future world requirements for ag
a1rplanes (number and type), a compar1son was made of calculated and actual 
a1rcraft use rates, 1n which the calculated values are based on US usage 
patterns descr1bed 1n Ref. 10. Aer1al treatment estimates were made 1n each 
of the crop categor1es enumerated in Table 5. The bas1c categories were 
adopted to coincide with US usage, and additional crop varieties were inclu
ded under appropr1ate pr1mary crops 1n order to cover crops important in 
other parts of the world. US1ng US product10n f1gures for 1976 from Ref. 3 
and the aer1al treatment breakdown by crop in Ref. 10, sca11ng laws for aer1al 
treatment were developed, the coeffic1ents of wh1ch are given 1n Table 5. 
They are expressed as the treated area (ha) per unit product10n (103kg), and 
1ndicate the relat1ve 1ntens1ty of aer1al applicat10n in the US. Knowing 
crop product1on rates for any world sector, these coefficients can be used to 
est1mate aerial trentment area. However, 1t is essent1al to recogn1ze that the 
est1mates so calculated w1ll describe what the treatment area would be 1f US 
usage patterns were prevalent thoughout the world. Clearly, ag-a1rcraft are 
used more l1berally 1n the US than elsewhere, although uses 1n many other 
developed countr1es should closely approx1mate US practice. Therefore, 
est1mates of treated area calculated by these coefflclents should be more 
accurate for developed countries than for developing countr1es. 

A comparison of calculated and actual treated areas for 1968 and 1976 is 
provided 1n F1g. 18 for various developed and less-developed reg10ns. Not 
all countries 1n the regions shown are 1ncluded S1nce data are ava1lable only 
for selected nations 1n each reg10n. Also, data for both 1968 and 1976 are 
ava1lable for only a small number of countr1es in each region. Where data 
for both years are 1ndicated in Fig. 18 (by tr1angular and circular symbols), 
the countries representing each region are those for wh1ch data for both 
years were ava1lable. Although this presentat10n is based on only a l1mited 
amount of data, 1t 1S effect1ve in 1nd1cat1ng some important trends. 

The diagonal l1ne represents equa11ty between actual and calculated 
values. Because the calculated areas are based on US practice 1n 1976, the 
1976 p01nt for North Amer1ca falls on the line. Since ag-aircraft usage is 
greater in the US than most other countries, the calculated values ought to 
be higher than actual values, and most points should fall below the line. 
P01nts closest to the line most closely approximate US practice. In general, 
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TABLE 5 

BASIS FOR AERIAL TREATMENT AREA ESTIMATES 
Other 

Treatment Category Crops 1976 u.S. 
(106kg ) 

% of Aerial Coefficient 
Covered Production Treatment Area 

Wheat 58,444 8.1 0.10 
Paddy Rice 5,308 17.4 2.39 
Corn 157,893 6.3 0.03 
Sorghum 18,382 6.2 0.25 
Other Grains Rye, Oats 17,036 5.5 0.24 

Millet, Barley 
Cotton Flax, Fibre Crops, 5,959 26.6 3.25 

Rubber, Jute 
Tubers Roots 16,658 2.6 0.11 
Vegetables Melons 23,311 6.5 0.20 
Dry Beans Broad Beans, 782 2.2 2.00 

Dry Beans, Coffee, 
Cocoa 

Soybeans Palm Kernels, 38,159 7.0 0.13 
Olives, Cottonseed, 

Nuts Groundnuts, 2,138 1.8 0.60 
Treenuts 

Sugar Cane Sugar Cane, 52,814 0.9 0.01 
Sugar Beets 

Citrus All Citrus Fruits 13,410 I 2.2 0.12 
Fruit All Non-Citrus 10,688 0.7 0.05 

Fruits 
Tobacco Tea 961 0.4 0.33 
Forest Log Output/ 

11.1 m3/ha 0.5 3 3 
Forest Area 303 10 ha/m /head 

Rangeland Cattle and Sheep 141 x 106 h'ead 4.1 21 103 ha/l06/head 
Area Insect Control Arable, Permanent 424 x lOb ha 1.2 

103 ha/10
6 

ha Crop and Pasture Lands 2.1 
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lt can be seen that the developed countries are close to the llne (exceptlons 
are Japan and Western Europe), and developlng country groups are well below 
It. Also, substantial progress, in terms of increased use of ag-aircraft, is 
indicated by the upward shift between 1968 and 1976. Since actual crop produc
tion figures were used in making the calculations, this shift can either be 
explalned by a more extenslve variety of uses being adopted in the past decade 
or by greater productivity (ha/yr/aircraft) of aircraft. Since an ana1ysls 
of productivlty data reveals only a 3.5 percent lncrease for the world fleet 
durlng that period, the latter solution cannot explaln the trend indicated ln 
Fig. 18. 

The dlscrepancles between actual and calculated areas were hypotheslzed 
to be caused, at least in part, by the effect of fleld Slze because the ob
servatlon was made that ln reglons Where average field sizes were known to 
be close to that of the US, the disparlties between calculated and actual 
treatment areas were less than for reglons wlth smaller fields. ThlS hypoth
eS1S lS conflrmed ln princlple in Fig. 19, Whlch relates the ratlo of calcu
lated-to-actual aerial treatment area to the average size of agrlcultural 
holdings in each world reglon ln 1960.* The corre1atlon shows that field 
Slze lS an lmportant factor in explalning the use of airplanes ln agrlculture. 
(Note that North America shows a ratio of 2.0 rather than 1.0 because data 
are for 1960, Whereas the calculation is based on 1976 usage patterns in the 
US.) Although the antlcipated trend is eVldent in Fig. 19, the spread in the 
data is conslderable. Even when a best-fit curve is drawn to represent the 
most reliable data points (reglons rather than lndividual countries), it 
would not be a valld "correctlon factor" to ratlonalize the discrepancies 
ln calculated and actual treatment areas. 

A more lntensive analysls of agrlcultural holdings was conducted to 
determine whether a more accurate criterion than average holdlng could be 
ldentlfled. USlng data from the 1960 world agricultural census (Ref. 25), it 
was found that a breakdown of holdings lnto varlOUS sizes was available for 
numerous countries. The data show What percentages of holdings and of total 
agrlcultural area are represented ln each of eleven grouplngs ranglng from 
one hectare up to 1000 hectares. After some experimentatlon, it was found 
that an excellent criterion is the percentage of cropland** area in hold
ings larger than 100 hectares. Although the number of countries for which 
these data were avallable lS less than the number for which average holdlng 
Slze is known, Flg. 20 shows that a surprlsingly good correlatlon occurs When 

* . Note that agrlcultural holdlngs are entlre farms, WhlCh are usually much 

** 

larger entities than individual fields. Whlle considerable data are avall
able for agricultural holdlngs from Ref. 25, field size data are not obtaln
able. 

Cropland is more specific than agricultural area ln that it excludes 
permanent meadows and pastures, and forest land. 
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th1s criterion 1S used to explain the difference between calculated and 
average treatment areas. 

The farm data used to construct Figs. 19 and 20 are subject to change, 
either because of consolidation of existing farms to form larger units, as 
has been occurr1ng in the US, or because of land reform polic1es which are 
designed to break up large holdings and 1ncrease the number of landholders, 
as has been occurring in Tropical Latin Amer1ca. US1ng time series data 
illustrated in Fig. 21, growth rates were established for the percent of crop
land holdings greater than 100 ha in most of the world regions. In other 
cases, it was necessary to estimate trends based on recent 1nformation concern
ing land tenure programs (Ref. 26). A complete summary appears in Table 6 for 
the f1eld S1ze criterion 1n each region based on the 1960 census, projected 
growth rates, and the expected values 1n 2000. 

Projected US Market 

The projection of the farm holding criterion for the US in Table 6 was 
founded on a voluminous base of data. Histor1cal information on average farm 
hold1ng size is available from Ref. 27, dating from colonial times up to 
1970, and Ref. 28 provides a continuation of trends up to the present. These 
data are shown in Fig. 22, along with similar data on the percent of land 1n 
farms larger than 100 ha. In recent years, the consolidation of US farms 
into larger units has continued at a reduced rate relative to the post-World 
War II period. Since the percent of land 1n large farms can only approach 
100 percent in future years, but w1ll not reach it, it 1S clear that the 
curve must behave as shown. With this projection of the f1eld-s1ze criterion, 
Fig. 23 shows what the ratio of calculated to actual area will be in 2000 
compared to recent h1story. The fact that this ratio is predicted to be less 
than 1.0 simply means that ag-air uses will continue to become more widespread 
w1th respect to crops and types of applications compared to 1976. Improved 
technology and 1ncreased acceptance of aerial applicat10ns by farmers are the 
driving factors which will approximately double ag-air use by 2000, irrespec
tive of crop production volume. 

Treated Area 

A summary of the procedure for projecting US treated area is given 1n 
Table 7. Each of the 18 crop categories is treated separately, based on its 
production volume. Average production figures for the 1974-76 period were 
obta~ned from Ref. 3, and the growth rates shown in the second column are 
based on continuation of trends established over the IS-year period from 1961 
to 1976. These growth rates determine production volumes for each crop in 
2000. Estimates of treated area were then made by applying the coefficients 
in Table 5 to each crop category and dividing by the ratio of calculated to 
actual treated area from F1g. 23 (1.0 in 1976 and 0.53 in 2000). The history 
and projection of US treated area are shown, pictorially, in Fig. 24, the 
growth rate over the 1975 to 2000 period being 5.2 percent/yr. To convert 
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Region 

North America 
Oceania 
Western Europe 
South Africa 
Japan 
Israe1* 
Trop. Lat. Amer. 
Temp. Lat. Amer. 
Mexico 
Africa 
Near East 
Asia 
Eastern Europe 
USSR* 
Other Comm.* 

* Estimate 

1960 

% of 
Cropland in 

Holdings > 100 ha 

68.9 
93.6 
13.2 
96.4 

0 
86.0 
41.9 
62.6 
94.0 
19.2 
22.4 
1. 73 
37.0 

108.0 

1 ) ) 

TABLE 6 

FIELD SIZE CRITERION 

Gr. Rate in 
Calc. Area Agr. Holdings 
Actual Area %/Yr 

2.0 1.20 
1.13 0.03 
36.0 0.92 
1.08 0.02 
31.0 0 
1.31 0 
5.0 -0.50 
2.4 0.05 
1.18 0 
19.0 0 
14.0 0.1l0 
360 2.80 
6.3 1.90 
0.89 0 

0 

2000 

% of 
Cropland in Calc. Area 

Holdings > 100 ha Actual Area 

100.0 0.53 
100.0 0.91 

19.0 19.0 
97.0 1.06 

0 31.0 
86.0 1.31 
34.0 7.0 
64.0 2.3 
94.0 1.18 
19.2 19.0 
28.0 10.0 
5.0 140 

79.0 1.5 
100.0 0.89 
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TABLE 7 

PROJECTION OF US AG-AIR ACTIVITY 

Avg, 1974."...76 Projected Production Estimated Treated Area 
Crop Production Growth Rate in 2000 103 ha 

Category 106 kg %(Yr 106 kg 1975 2000 

Wheat 55,144 3.5 130,319 5,514 24,589 
Rice 5,404 4.8 17,448 12,894 78,549 
Corn 141,202 3.4 325,727 4,095 17,823 
Sorghum 17,891 2.1 30,080 4,401 13,962 
Roots 15,981 1.7 24,357 1,774 5,101 
Dry Beans 832 0.4 919 1,664 3,469 
Soybeans 40,084 4.0 106,857 5,371 27,017 
Other Grains 16,759 3.2 36,833 3,972 16,471 

.po. Nuts 2,133 .po. 5.4 7,943 1,271 8,933 

Sugar 49,405 1.9 79,091 593 1,791 
Cotton 5,706 -1.0 4,438 18,545 27,214 
Vegetables 24,098 1.9 38,578 4,844 14,630 
Citrus 12,938 5.7 51,730 1,540 11,615 
Other Fruit 10,992 0.4 12,146 528 1,100 
Tobacco 951 -0.1 928 317 583 

Timber 1.11* 0.9 1.39* 336 792 
Rangeland 144* 0.7 171* 3,024 6,793 

* * 
Area Insects 424 -0.2 403 886 1,590 

TOTAL 71 ,568 262,021 

*In units indicated in Table 5 
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this projection of ag-air activity into a requirement for a1rcraft requires 
cons1derat10n of three operat10nal factors: sizes of aircraft, the1r produc
tiv1ties, and attrit10n of the fleet. What follows is a d1scussion of 
nom1nal projections for these factors based on extrapolat10ns of present 
trends. In a later section, a second projection is made to account for 
potent1al structural changes 1n the ag-air 1ndustry, consisting pr1marily of 
a more pronounced sh1ft to high-volume app11cations than that reflected 1n 
the nom1nal forecast. 

H1storical data from Ref. 9 are dep1cted in Fig. 25, showing that both 
the ut1l1zation and the product1vity* of the US ag-air fleet have r1sen 
stead1ly over the 26-year period since 1950. The slightly different trends 
of hours flown per aircraft and area treated per aircraft are a reflect10n of 
the changing structure of the 1ndustry and the 1ntroduct10n of spec1al1zed 
a1rcraft during the 1960s. For project10n purposes, it 1S convenient to use 
average area treated per aircraft as the basic measure of productiv1ty; the 
source of such data is the rat10 of area treated to fleet Slze. Thus, Fig. 26 
shows the effect of a cont1nuat10n of the recent trend of 3 percent/yr growth 
1n average product1vity. It 1S not unreasonable to expect significant future 
product1v1ty gains as the ag-a1r 1ndustry matures further in the next two 
decades. Improvements 1n the logistics of operat10ns will be a major factor as 
demand for ag-a1r serV1ce increases, both in the types of applicat10ns and 
the w1der var1ety of crops. Attr1tion of older models and de11veries of new 
ones w1ll improve both the operat10nal and ma1ntenance character1st1cs of the 
fleet, thereby permitt1ng each aircraft to spend more t1me 1n product1ve use. 
Furthermore, S1nce F1g. 25 shows that ag-aircraft are presently ut1lized an 
average of only 300 hrs per year, there 1S considerable room for further 
progress. There is, undoubtedly, an upper lim1t to the practical uti11zation 
of a1rcraft 1n agriculture, part1cularly when relat1vely quiescent atmospher1c 
cond1tions are necessary to prevent excessive drift. However, even the most 
conservat1ve l1m1t is expected to be more than three hours per day, wh1Ch 
offers the poss1bi11ty of trip11ng the present uti11zation. 

The size of the US ag-air fleet has grown rapidly (although erratically) 
1n recent years, as illustrated 1n F1g. 27. In 1976, 1t consisted of 8646 
a1rcraft, of which over 90 percent were f1xed-w1ng models. Almost 36 percent 
of these fixed-wing a1rcraft were types adapted to ag-a1r use rather than 

*The term "productivity is used here to describe average annual area treated 
per a1rcraft. The term "utilization" will be used for average annual hours 
flown per aircraft. Both measures relate to average usage of the fleet 
rather than of specific airplanes. 
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FIG 25 

UTILIZATION AND PRODUCTIVITY TRENDS IN USAG-AIR INDUSTRY 
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FIG 27 

SIZE OF THE US AG-AIR FLEET 
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designed specifically for this type of operation. However, the rapid pace of 
recent deliveries is changing the character of the fleet, both in the represen
tation of dedicated ag-models and in the increasing average size of airplanes. 
To illustrate, let the following categor1zation be used to describe small, 
medium, and large fixed-wing ag-aircraft. 

Category 

Small 
Medium 
Large 

Normal Takeoff We1ght (kg) 

Less than 1700 
1700 to 2700 
Greater than 2700 

US Models 

Pawnee, AgCarryall 
AgWagon, AgTruck, Pawnee Brave 
Ag Cat, Thrush 

Then, recent del1veries to US operators break down as shown 1n F1g. 28. It 
is apparent that deliveries of the small models have declined over the past 
decade and that the medium and large aircraft have approx1mately equal 
shares. 

Desp1te these trends, the US fleet still consists pr1marily of small
S1ze aircraft, as shown below. 

Category 

Small 
Ag Models 
Other 
Total 

Medium 
Large 
Total fixed

wing 
Rotary wing 
Total 

Number 

1701 
2811 
4512 
1519 
1807 
7838 

808 
8646 

Fleet 
Percent 

19.7 
32.5 
52.2 
17.6 
20.9 
90.7 

9.3 
100.0 

For the future, it is to be expected that the trends in Fig. 28 will 
continue, and that the following percentages may be assumed for shipments in 
the three f1xed-wing categories. 

Percent of Deliveries 
Category Period: 1975-1980 1980-1985 1985-1990 1990-1995 1995-2000 

Small 5 2 0 0 0 
Medium 50 49 48 46 44 
Large 45 49 52 54 56 

The percentage of rotary-wing aircraft in the US ag-air fleet has grown 
to almost 10 percent from less than 2 percent in 1960. It appears that the 
steady rise in helicopter use is both a reflection of recent trends in the 
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1ndustry (e.g., increased attention to drift control as env1ronmental stan
dards are tightened) and the growth of those sectors of the industry for 
which helicopters are un1quely adapted (e.g., orchard applications). These 
trends can be expected to continue -- environmental factors w1ll escalate 1n 
importance (although drift control of fixed-wing applications may also 
improve as a result of improved technology and practice), and fairly high 
growth rates can be expected for the orchard and vegetable crops where 
helicopter uses are concentrated. Furthermore, tecnnology has improved 
helicopter character1stics, and technology and volume production have reduced 
cost escalat10n. Therefore, the projection in Fig. 29 for continued growth 

* 1n the rotary-wing component of the fleet has been adopted • 

Attrit10n 

An accurate estimate of the rate of attr1t10n in the ag-air fleet could 
be made only if the fleet data itself were perfectly accurate and consistent 
from year to year. In fact, the historical us fleet data, wh1le the best in 
the world, are not entirely complete and consistent, making the analysis of 
fleet attr1t10n diff1cult. Part of the difficulty comes from incomplete 
reporting of a1rcraft, and part 1S a result of the presence of some multi
purpose aircraft wh1ch may be used only part-time for agricultural purposes. 
If errors induced by th1s accounting could be filtered out, then only the 
des1red reasons for attrition would be represented by the data, namely, 
destruction of a1rcraft by accidents and removal from the fleet due to 
obsolescence (econom1c, technical, or safety factors). 

To obtain the best possible est1mate of attrit10n, US f1xed-wing fleet 
and sh1pment data were analyzed for the 1960-to-1976 period. If post-1960 
shipments are added to the 1960 fleet, as in Fig. 30, then fleet growth 
should have proceeded accord1ng to the upper line. The actual fleet history 
1S shown to be well below th1s line, the difference apparently representing 
attr1tion, although the inaccuracies noted earlier cause some uncertainty. 

The average growth rate of the upper line 1n Fig. 30 is 6.0 percent/yr 
and the average growth rate of the fleet line is 2.8 percent/yr. Therefore, 
attrit10n apparently averaged 3.2 percent/yr dur1ng the period shown**. 
since there is room for error in this estimate, a similar calculation was 
made for the entire us general aV1ation fleet, for which data are more cred1-
ble. The attrition rate in that fleet was calculated to be 1.3 percent/yr, 

* 

** 

Note that most other developed nations' fleets have larger rotary-wing com-
ponents than the us: USSR - 25 percent, Oceania - 20 percent, Japan - 100 
percent, France - 71 percent, UK - 40 percent. 

Note that th1s attrition rate cannot be directly converted to an estimate of 
average useful life of an airplane. It can be used only to determine that 
percent of the fleet which can be expected to be removed in the coming year. 
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less than half the ag-air f1gure. Although the ag-air rate is presently 
high, it is likely to decrease in the future as the older models which were 
adapted to agriculatural use in the early years of the industry are ret1red 
from serV1ce. Also, improvements in handling qualities and piloting skill 
will further reduce attrition. Therefore, a rate of 2.5 percent/yr was 
adopted in the projections for dedicated ag-airplanes and helicopters, 
and 3.2 percent/yr for other models. 

With the nom1nal fleet compos1tion, productiv1ty, and attrit10n assump
tions descr1bed above, and the project1on of treated area 1n Fig. 24, estimates 
of US fleet requirements were made in five-year periods to the year 2000. 
The results are shown 1n F1g. 31, along with historical data 1n the same for
mat. Whereas various aircraft converted to agricultural use ("other" in 
Fig. 31) dominated the 1ndustry pr10r to 1960, the numbers of these a1rcraft 
have diminished steadily since that time and now constitute only about 30 
percent of the fleet. Continued attrition of these airplanes at the assumed 
3.2 percent/yr rate will further reduce their numbers in the forecast period 
so that, by 2000, they will comprise only a little more than 6 percent of the 
fleet. 

Aircraft in the "Small" category, Wh1Ch 1ncludes all ded1cated ag
a1rcraft with take-off weights under l700kg, grew in numbers throughout the 
1960s, but del1ver1es of these models to US operators have decl1ned in recent 
years and a further contract1on of that fleet 1S forecast. By 2000, it 1S 
projected thaJ only 5.5 percent of the fleet will consist of these small 
ag-a1rcraft. 

Strong future growth is pred1cted for both med1um- and large-size 
ag-models. Recent expansion of these fleets has brought them to almost 40 
percent of the total fleet, and almost a doubling of that level 1S forecast 
by 2000. Note that the size designations used here allow for unl1m1ted 
growth 1n the "Large" category (over 2700 kg takeoff weight). Therefore, 
introduction of new models, larger than the Ag Cat and the Thrush, would not 
affect these results. A new medium-size a1rcraft or a derivative of eX1sting 
models 1n this class might also be introduced. However, it is assumed that 
no new aircraft in the "Small" category will be purchased by US operators, 
although such an aircraft might be attractive to operators in foreign coun
tries. 

Projected World Market 

Projections for other world reg10ns were made in an analogous way to 
that descr1bed for the US market, namely, by making estimates for treated 
area, productivity, fleet composition, and attrit1on. Estimates for treated 
area were made for each of 17 world regions and then aggregated into three 
groups: developed nations (including the USSR), developing countr1es, and a 
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third group Which consists primarily of communist nations other than the 
USSR. The other parameters were estimated only for the three major groups, 
although data for particular nations in each group were used as the basis for 
making the estimates. 

Treated Area 

Project10ns of treated area were made using the scaling factors 1n Table 5 
for each crop and then correcting the calculated values according to the field 
size crlter10n (ratio of calculated to actual area) in Table 6. This process 
began, as for the US, with projections of production for each crop. A complete 
summary by region is provided in the Appendix. Aggregations of these data into 
the three major world groups appear in Tables 8 to 10, followed by a full aggre
gation to 'the world level in Table 11 and Fig. 32. The tables show the aver
age production in the 1974-1976 period, the average growth rate of production 
(as determined from the 1961-1976 period), the forecasted production in the 
year 2000, and converSions of both sets of production volumes to treated area. 
Some important trends can be derived from these tabulations. For example, the 
developed-nation group is clearly dominant, and will be even more dominant in 
the future, as shown by the follOWing summary by major regions. 

Treated Area, 106 ha Growth Rate 
Region 1975 2000 %/yr 

Developed 185.0 570.5 4.6 
LDC 37.2 92.1 3.7 
Other 9.7 42.1 6.1 ---
World 231.9 704.7 4.6 

However, since the US and the USSR account for a large fraction of the developed
nation group, the following 

ReglOn 

US 
USSR 
Other Dev'd 
All Dev'd 

summary is also reveal ing. 

Treated Area, 106 ha 
1975 2000 

71.6 262.0 
91.0 236.4 
22.4 72 .1 ---185.0 570.5 

Growth Rate 
%/yr 

5.3 
3.9 
4.8 
4.6 

These results show that the US will be the fastest-growing market 1n the world, 
overtaking the USSR in area treated before the end of the century. 

Considering the results in Table 11, with respect to crops, it is apparent 
that cotton will remain an important ag-air crop, but that rice will become the 
reCipient of the greatest ag-air activity, and that grains, collectively, W1ll 
account for most ag-air activity. 
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Crop 
Category 

.Ineat 

R~ce 

':'orn , 

Sorghum 

Roots II , 
Dry Beans 

Soybeans 

Other Grains 

!>.uts 

Sugar 

Cotton 

Vegetables 

Citrus 

Other Fruit 

Tobacco 

Timber* 

Range1and* 

Area Insects* 

TOTAL 

TABLE 8 

PROJECTIONS FOR DEVELOPED NATIONS 
Includes USSR 

Production 

1974-76 Avg. 2000 1975 

Av. Prod. Gr. Rate Prod. Area 

109 kg %/yr 109 kg 106 ha 

220.2 2.8 438.8 18.2 

25.0 3.5 59.5 20.7 

187.1 3.6 455.6 4.8 

19.9 3.6 48.6 4.8 

155.1 -0.3 145.3 13.2 

3.3 0.7 3.9 5.1 

49.2 3.9 128.4 6.3 

123.6 6.2 558.1 21.5 

3.3 4.2 9.4 1.6 

260.4 2.8 525.0 2.2 

19.8 3.0 41.4 51.2 

106.7 1.5 153.2 12.3 

23.1 3.1 127.9 1.9 

75.8 7.1 163.6 1.6 

2.0 2.1 3.3 0.5 

7.20 -0.8 5.88 1.1 

812 0.6 932 13.9 

1841 0.1 1891 3.7 

185.0 

Treated 

2000 
Area 

106 ha 

49.9 

113.6 

19.4 

17.8 

16.4 

8.7 

29.4 

105.8 

9.6 

4.9 

122.4 

27.5 

13.4 

4.9 

, 
1.1 

1.7 

19.5 

4.6 

570.5 

* In units indicated in Table 5 
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Area 
Avg. 

Gr. Rate 
%/yr 

4.1 

7.1 

5.7 

5.4 

0.9 

2.1 

6.3 

6.6 

7.3 

3.2 

3.5 

3.2 

4.5 

8.2 

3.1 -

1.6 

1.4 

0.8 

4.6 
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TABLE 9 

PROJECTIONS FOR LDC GROUP 

Production Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 

Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 

Category 109 kg %/yr 109 kg 106 ha 106 ha %/yr 

Wheat 90.4 5.0 304.5 1.1 2.9 3.9 

R~ce 180.1 2.6 339.9 9.8 22.6 3.4 

Corn 76.1 3.2 169.2 0.5 0.9 2.5 

Sorghum 31.2 8.2 224.6 1.5 21.4 11.3 

Roots 175.7 2.5 324.6 1.7 2.7 1.9 

Dry Beans 15.5 1.7 23.6 5.0 7.4 1.6 

Soybeans 30.0 7.1 166.8 0.6 3.4 7.3 

Other Grains I 
48.9 3.6 117.4 1.0 3.1 4.6 

f 

:-iuts I 18.0 1.3 24.5 0.5 0.7 1.0 

Sugar 522.9 3.5 1226.2 0.9 1.8 2.8 

Cotton 24.2 1.6 36.6 6.9 9.0 1.1 

Vegetables 114.7 3.1 248.0 1.9 5.5 4.3 

Citrus 24.6 6.2 111.9 0.7 3.1 3.1 

Other Fruit 116.2 2.7 226.9 0.7 1.5 6.4 

-
Tobacco 3.3 2.5 6.1 0.1 0.2 3.4 

Timber* 3.07 1.7 4.63 0.1 0.1 0.5 

Range1and* 1136 1.2 1513 3.6 5.1 1.4 

Area Insects* 2288 0.5 2579 0.7 0.7 0.4 

TOTAL 37.2 92.1 3.7 

* In units indicated in Table 5 
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TABLE 10 

PROJECTIONS FOR OTHER COMMUNIST NATIONS 

I Production 
! 

1974-76 Avg. 2000 1975 

Crop I Av. Prod. Gr. Rate Prod. Area 

Category I 109 kg %/yr 109 kg 106 ha 

Wheat 67.1 5.1 232.7 0.7 

Rice 116.4 2.5 217.4 1.6 

Corn 52.1 3.6 126.6 0.2 

Sorghum 0.1 13.6 1.4 -0 

Roots 221.4 2.1 375.1 2.1 

Dry Beans 6.8 
1 

4.4 19.8 0.3 

Soybeans 17 .4 2.8 34.7 -0 

Other Grains 37.4 3.1 80.6 1.0 

Nuts 3.3 3.1 7.0 -0 

Sugar 144.4 3.7 359.7 1.5 

Cotton 11.3 6.3 52.6 0.3 

V~getab1es 83.2 2.2 143.3 1.1 

Citrus 1.5 2.7 5.5 0.1 

Other Fruit 14.0 5.4 27.4 -0 

Tobacco 1.7 3.5 4.1 -0 

Tl.i1IDer* 6.41 4.8 20.94 0.8 

Rangeland* 204 0.8 249 0.5 

Area Insects* 409 0.5 469 -- 0 

TOTAL 9.7 

* In units indicated in Table 5 

Treatpil A l"1 '!'I 

2000 
Area 

106 ha 

6.2 

7.4 

1.1 

-0 

5.2 

0.6 

0.4 

11.2 

0.1 

1.5 

0.9 

1.9 

0.6 

0.1 

0.2 

3.5 

1.1 

0.1 

42.1 

Avg. 
Gr. Rate 

"!./yr 

8.9 

6.2 

8.1 

7.4 

3.6 

3.0 

11.9 

10.2 

1.9 

2.8 

4.5 

2.4 

5.8 

5.8 

-
5.0 

6.3 

3.5 

3.4 

6.1 

----, 

-, 



TABLE 11 

PROJECTIONS FOR WORLD 

Production Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 

Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 

Cntcgory 109 kg %/yr 109 kg 106 ha 106 ha %/yr 

Wheat 377.7 3.9 975.9 20.0 59.1 4.4 

R~ce 321.5 3.0 616.8 32.1 143.6 6.2 

Corn 315.2 3.5 751.4 5.4 21.3 5.6 

Sorghum 51.1 7.2 274.6 6.3 39.2 7.6 

Roots 552.2 1.7 845.0 17.1 24.2 1.4 

Dry Beans 25.7 2.5 47.4 10.4 16.7 1.9 

Soybeans 96.6 5.0 329.9 6.9 33.3 6.5 

Other Grains 209.8 5.3 765.2 23.5 120.0 6.7 

Nuts 24.6 2.1 41.0 2.2 10.3 6.4 

Sugar 927.6 3.3 2110.8 3.9 8.3 3.0 

Cotton 55.4 3.6 130.7 58.5 132.3 3.3 

Vegetables 304.6 2.4 544.5 15.4 34.9 3.4 

C~trus 49.2 6.6 245.3 2.6 16.6 7.8 

Other Fruit 206.0 2.9 417.8 2.5 6.9 4.2 

-
Tobacco 7.0 2.7 13.5 0.7 1.5 3.3 

T~mber* 16.68 2.6 31.45 2.0 5.3 4.0 

Range1and* 2151 0.9 2693 18.0 25.7 1.4 

Area Insects* 4538 0.3 4939 4.4 5.4 0.8 

TOTAL 231.9 704.7 4.6 

* In units indicated in Table 5 
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Treated Area, 106 ha Growth Rate 
Crop 1975 2000 ~/yr 

Rl.ce 32.1 143.6 6.2 
All Other Grains 55.2 239.6 6.0 
Cotton 58.5 132.3 3.3 

If the crop categories are aggregated l.nto larger units, the l.mportance of grains 
relative to other crops is very evident. 

Treated Area, 106 ha Growth Rate 
Category 1975 2000 --- %/yr 

\ Grains 87.3 383.2 6.1 
Veg., Fruits & Nuts 20.5 58.4 4.3 

Field Crops Other Edibles 40.5 92.8 3.4 
Inedibles 59.2 133.8 3.3 

Noncrop Uses 24.4 36.4 1.6 --
Total 231.9 704.7 4.5 

Whereas grains accounted for 38 percent of treated area in 1975, that figure 
will increase to 54 percent by 2000, with 20 percent of the activity l.n rice 
alone. Inedible fl.eld crops (cotton and tobacco) go from 26 percent to 19 
percent in the 25-year period. 

Finally, it is of interest to l.dentl.fy the high-and low-growth crop 
categories, independently of absolute activity. 

High Growth: 

Low Growth: 

Crop 

Citrus 
Sorghum 
Other Grains 
Soybeans 
Nuts 
Rice 
Area Insect Control 
Rangeland 
Roots 
Dry Beans 

Growth Rate 
%/yr 

7.8 
7.6 
6.7 
6.5 
6.4 
6.2 
0.8 
1.4 
1.4 
1.9 

The area insect category may be understated in these projections because 
this type of activity is not as common in the US as in Africa and Asia, and 
the US is the primary base for the scaling laws. Long-term insect eradl.ca
tion programs are presently in progress, or planned, for control of flies and 
mosquitoes which are most prevalent in the tropl.cs (Refs. 29-31). Although 
these programs will involve large areas over a period of many years, the 
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a1rcraft utilized in this type of spraying are usually not of the ag-air 
var1ety, various general aviation and surplus military models often being 
mobilized for this purpose. Therefore, a low estimate of area treated 1n 
this category would not affect the goals of th1s study to the same extent 
as an understatement with respect to one of the important field crops. 

.!~.r.£.d~c.!.. i~i.!..y 

It was shown in Fig. 26 that the productivity (ha/yr/aircraft) of the US 
fleet has been advancing steadily, but that there is st1ll considerable room 
for future improvement. Est1mates of fleet productivity changes for other 
world regions are d1fficult to make with any precis10n because such estimates 
require fa1rly accurate knowledge of both fleet size and area treated for a 
per10d of years. Based on 1970 data, it appears that most values for fleet 
productiv1ty fall with1n a fa1rly narrow range. 

Treated Area, 106 ha 
Fleet Size 
Product1v1ty, ha/a1rcraft 

US 

72.8 
8650 
8400 

USSR 

91.0 
10,000 

9100 

Major World Reg10ns 

Other 
Dev. Nations 

22.4 
2500 
9000 

Other 
LDCs Connn. World 

37.2 11.5 234.9 
3850 1000 26,000 
9700 11,500 8900 

Ear11er data suggest that productivity decreased somewhat in most 
regions dur1ng the 1960s, although lack of hard data makes such eV1dence 
1nconclus1ve. Therefore, nominal growth rates similar to US projections have 
been adopted, i.e., 2 percent/yr for developed countries and 1 percent for 
others. The results by region are depicted in Fig. 33. 

!l~e.!..~omp.£.s~tio~ 

A summary of fleet information for representative nations in most world 
regions is provided 1n Table 12, showing the breakdown between rotary- and 
fixed-w1ng (FW) models in each fleet and the breakdowns (where available) of 
the f1xed-wing fleets by aircraft size. When these data are aggregated 1nto 
major world reg10ns, some interesting observations can be made. 

Other Other 
US USSR Dev. Nat10ns LDCs Commun1st 

Rotary Wing, % 9.3 25.0 18.6 8.3 2.0 
Fixed Wing, % 90.7 75.0 81.4 91.7 98.0 

Small, % of FW 58 10 (est. ) 44 46 20 (est.) 
Medium, % of FW 19 10 (est.) 44 50 50 (est. ) 
Large, % of FW 23 80 (est. ) 12 4 30 (est. ) 
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Region 

North America 

Oceania 

Western Europe 

Japan 
South Africa 
USSR 
Israel 
Trop. Lat. America 

Temp. Lat. America 
Asia 
Eastern Europe 

--- -

TABLE 12 

BREAKDOWN OF FLEETS IN VARIOUS COUNTRIES 

Number of Aircraft 
Rotary Fixed-Wlng 

Country Year Wing Ag Other Total 

US 1976 808 5027 2811 8646 
Canada 1971 30 95 245 370 
Australia 1976 1 194 51 246 
New Zealand 1976 137 216 98 451 
France 1976 64 19 7 90 
UK 1968 46 67 3 116 

- 1976 173 0 0 173 
- 1968 0 104 17 121 
- 1976 2500 - - 10,000 
- 1968 11 49 3 63 

Colombia 1976 11 127 83 221 
Brazil 1968 0 45 174 219 
Brazil 1976 4 221 8 233 
Chile 1976 3 27 11 41 
India 1976 29 - - 70 
Yugoslavia 1976 0 27 19 46 

Percent of Fixed-Wing 

Small Medium Large 
I 

57.6 19.4 23.0 i 
I 

I - - -
44.9 34,7 20.4 
36.9 21.1 42,0 ! 

57.7 34.6 7.7 
75.7 12.9 11.4 
- - -

49.6 14.9 35.5 
- - -

23.1 - 76,9 
47.1 49.6 3.3 
79.5 16.4 4.1 
18.4 76.8 4.8 
68.4 31.6 0 
- - -

26.1 0 73.9 

J _ J 



Among the developed-nation groups, the US has the smallest rotary-wing 
fleet component. The USSR operates a large fleet of helicopters (Ref. 2) for 
a variety of uses, and some developed nations, e.g., Japan, rely exclusively 
on helicopters for agricultural work.* The US rotary-wing fleet component 
was projected in Fig. 29 to grow at a rate of about 3 percent/yr to a value 
of 20 percent of the fleet in the year 2000. Less-developed country fleets 
are expected to grow at the same rate, but other developed nat1ons, including 
the USSR, w1ll experience a somewhat slower growth of 1.5 percent/yr. The 
follow1ng table summarizes these project1ons. 

Percent Rotary W1ng 

1976 2000 

US 9.3 20.1 
USSR 25.0 35.7 
Other Dev. Nations 18.6 26.6 
LDCs 8.3 17.9 
Other Comm. 2.0 4.3 

Less information is ava1lable on the size categories of fixed-wing 
aircraft operating in each region, and no informat10n was obta1ned for the 
communist nations. However, it 1S probable that most of the aircraft 1n the 
USSR fleet would fall into the large- and medium-size categor1es and that, 
on the bas1s of types produced in Eastern Europe, the medium class would 
dominate 1n the Other Communist group. The statistics for the Other Devel
oped Nations group are strongly influenced by Oceania, whereas the LDC group 
1S strongly 1nfluenced by Latin America. The fleets in these reg10ns are 
sp11t almost evenly between the small and medium categories, with a much 
smaller percentage of large models presently operating. On the other hand, 
the US fleet cons1sts of a majority of small aircraft (many of these being 
older models), but with a good representation of large aircraft. 

Recent deliver1es show a somewhat different p1cture, particularly in 
the US and the LDC group. A comparison of the present fixed-wing fleet com
ponents with delivery data for the 1975-to-1978 period is given 1n F1g. 34. 
Th1s f1gure demonstrates that a shift toward larger a1rcraft is underway in 
each of the regions shown. In all cases, the percentage of deliveries in the 
medium- and large-categories exceeds the corresponding percentage of the 
present fleet; reductions in the percentages of small a1rcraft are the obvious 
results of these trends. Therefore, the trends 1n Table 13 were established to 
describe the breakdown of deliveries in five-year intervals dur1ng the forecast 
period. They describe a cont1nuation of the trend toward fewer small a1rcraft 
de11veries, with differing emphases on the medium and large classes depending 
on the region. The rates of growth in these projections are influenced by farm 
holding trends (Table 6) as well as the recent experience shown in Fig. 34. 

*There have been some recent deliveries of fixed-wing aircraft to Japan. 
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FIG. 34 

FIXED-WING AG-AIRCRAFT SIZE TRENDS 
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0\ 
\0 

Time Period 

1975-1980 

1980-1985 

1985-1990 

1990-1995 

1995-2000 

* S :::; Small 
1-1 ;:::; Medium 
L :::; Large 

TABLE 13 

PROJECTION OF FUTURE FIXED-WING DELIVERIES 

Percent of Deliveries 

Size* Other 
Category US USSR Dev. Nations LDCs 

S 5 0 34 19 
M 50 20 49 61 
L 45 80 17 20 
S 2 0 30 11 
M 49 10 51 61 
L 49 90 19 28 
S 0 0 26 2 
M 48 0 53 62 
L 52 100 21 36 
S 0 0 22 0 
M 46 0 55 56 
L 54 100 23 44 
S 0 0 18 0 
M 44 0 57 48 
L 56 100 25 52 

Other 
Comrn. 

I 

20 
50 
30 
18 
50 
32 I 
16 
50 
34 
14 
50 
36 
12 
50 
38 



Attrition 

As noted earlier, even US data do not provide a firm basis for estimating 
ag-air attrition rates, although a good case was made for adopting a f1gure 
of 2.5 percent/yr for dedicated ag-air models compared to 3.2 percent/yr for 
the various other airplanes in the US fleet. In the absence of any comparable 
data on wh1ch to base different estimates, these same figures were also adop
ted for the other world regions. 

.!i0~ina..!..!i.0!..l~!l~e!..!:r.£.j~c.!i.£.n.! 

Applying the treated area, product1vity, fleet compos1tion and attrition 
estimates by major world reg10n, a complete projection of the ag-air fleet 
was made to the year 2000. As described prev10usly for the US market, these 
projections were made in five-year per10ds, beginning w1th 1975. Summaries 
of the results appear in Fig. 35, wh1ch shows the regional breakdown of the 
fleet, and 1n F1g. 36, wh1ch shows the fleet breakdown by type. S1nce the 
emphas1s in this study was on markets accessible to US manufacturers, both 
these charts differentiate between the free and communist nations. Although 
the USSR market is quite large, it 1S not expected that US manufacturers will 
penetrate it in the foreseeable future. Close ties between the USSR and the 
Eastern European nations, which are very active in ag-a1rcraft manufacture, 
are likely to prevent US manufacturers from entering this lucrative market. 
Growth of the ag-air fleet is somewhat lower than the growth of treated area 
shown 1n Fig. 32 because of expected productiv1ty gains and because of the 
evolutionary changeover to larger aircraft. 

The US will continue to operate more than half the airplanes in the 
free-world fleet, even though a s1gn1f1cant increase 1n the fraction of 
med1um and large a1rcraft will occur (Fig. 31). For the free-world group, 
Fig. 36 shows that the percentage of large fixed-wing a1rcraft will increase 
from 14 percent in 1976 to 29 percent in 2000. In the same period, the 
med1um fixed-w1ng percentage will increase from 27 percent to 36 percent 
and the rotary wing percentage w1ll increase from 11 percent to 21 percent. 

In the Communist group, which Fig. 35 shows to be quite dominated by the 
USSR, small- and medium-s1ze f1xed-w1ng aircraft playa minor role compared to 
large fixed-wing and rotary-wing aircraft. Therefore, by 2000, large fixed
wing and rotary-wing aircraft will account for almost 40 percent of the world 
fleet. 

Of particular interest, from the standpoint of new a1rcraft technology, 
is the expected number of aircraft sh1pments during the forecast period. 
Figures 37 and 38 present the forecast of shipments with respect to region 
and type of aircraft, respectively. Also shown are some historical data for 
the 1961 to 1975 period. Some of these historical data were derived from ac
tual shipment statistics in Table 4, but it was also necessary to back-calcu
late part of the data from fleet and attrition estimates given previously. 
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Although the free-world f1gures are probably accurate, those for the com
munist nations may not be. 

Shipments to US operators are predicted to rema1n relatively constant 
because of the 1ncrease in production and sh1ft to larger aircraft. Ship
ments to other developed nations and LDCs will become an increasingly impor
tant factor compared to the historical period shown, but the domest1c market 
w111 continue to be the major opportun1ty for US manufacturers. As shown 1n 
F1g. 38, manufacturers will find an expanding market for large fixed-w1ng and 
rotary-wing aircraft, a steady market for medium-s1ze f1xed-wing models, and 
a shr1nking market for airplanes in the small f1xed-wing category. 

Effects of Revolutionary Changes in Ag-Air Industry 

The nominal forecasts presented 1n the previous section are predicated 
on the assumpt10n that evolutionary change w1l1 character1ze the future of 
the ag-air industry, as has been the case in the past. However, the poten
tial eX1sts for a period of revolutionary structural changes in the 1ndus
try. These revolutionary changes would not necessar11y affect the forecast 
of treated area. That forecast was made by a method which accounted for 
increases in production, changing patterns of land ho1dngs 1n the major 
market regions and, 1ndirect1y, technological advances in both agricultural 
and aerial applications practice. Rather,these changes would primarily 
affect the types of aerial app11cat10ns wh1ch w111 be emphasized in the 
future as compared to the h1storica1 per10d. 

Two primary factors are expected to 1nf1uence the future of the industry 
1n th1s revolutionary scenario: 1) more stringent controls will be exercised 
on the use of chemical pesticides, herb1cides, and other chemical agents, and 
2) r1sing costs of agricultural products 1n a period of rapidly growing demand 
will stimulate increased attent10n to the benefits of aerially applied s01l 
nutrients. In terms of ag-air volume (area treated) these two effects are in 
conflict and would tend to balance one another; 1.e., a reduct10n in chemical 
applications for plant protect10n would decrease growth in the industry's 
primary area of operations, whereas increased penetration 1nto aer1al ferti
lization would present a new growth opportun1ty. That the two trends would 
cancel is a gross assumption which can only be justified on heuristic grounds. 
Moreover, it can be argued that the need to improve yields to meet rising de
mand will encourage further use of chem1ca1 agents, just as 1n the past. How
ever, much attent10n 1S presently be1ng given to nonchemical means of plant 
protect10n such as purely biological controls, and it is becoming increasingly 
apparent that some chemical agents have begun to lose effectiveness because 
of too-frequent or too-prolonged use. New agents will undoubtedly emerge to 
take their place, but the increased cost of developing and certifY1ng agri
cultural chemicaln has become a major deterrent which did not exist in the 
historical period. Therefore, slower growth in th1s segment of the market 
seems to be a realistic assumption. Rapid growth in aer1a1 fertilization, on 
the other hand, can be argued on the basis of presently ava1lab1e data, as 
explained below. 
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Aerial Applicat10ns 

In most of the world, aerial app11cations are focused on a relatively 
small var1ety of crops, and insect1c1des are the most common materials 
applied from the air. In the US, two crops, cotton and rice, account for 
almost half of the area treated by airplanes. Since pervasive insect infes
tations have been experienced on cotton crops, insecticide applications have 
long dominated US app11cations. The top half of F1g. 39 provides a history 
of US applications trends, as revealed by data from Ref. 9, showing the 
dominance of insectic1de use. Although there has been a gradual trend toward 
increased aer1al applicat10ns of fert1l1zers and herb1cides, 50 percent of 
all aerially d1str1buted materials are insecticides.* 

The p1cture 1n the USSR, as 1nd1cated on the bottom half of F1g. 39, 
is qU1te different. Insect1c1des compr1sed only 27 percent of Soviet aerial 
app11cations in 1974, the most recent year for which data were ava1lable 
(Ref. 2), and the long-term trend has been sharply down. App11cations of 
fertilizer** now account for more than 40 percent of aerial treatment area 
compared to only 11 percent in the US. The percentages of herb1c1de use are 
about the same 1n the two countr1es. 

This disparity in app11cat1ons practice can be partly explained by 
d1ffering crop product10n. There 1S a greater emphasis on gra1ns and roots 
in the USSR than 1n the US, less product1on of r1ce, sorghum, and soybeans, 
wh1ch are important ag-air crops 1n the US, and about equal production of 
vegetables and cotton. However, use of the scaling laws based on US pract1ce 
resulted 1n almost exact predict10n of aerial treatment 1n the USSR, suggest-
1ng that the dispar1ty in Fig. 39 cannot be ent1rely expla1ned by d1fferent 
crop m1xes. Rather, 1t appears that there has been greater acceptance of 
ag-air as a means of spread1ng bulk materials such as fert1lizers in the USSR 
than in the US. Whereas the US 1ndustry 1S st1ll geared mainly to app11ca
t10n of specia11zed chem1cals, ag-air in the USSR has advanced more rapidly 
to the stage of applying routine materials from the a1r instead of by ground 
equipment. Important reasons for the wide use of aerial fert1lizer 1n the 
USSR, according to Ref. 2, are: 1) vast f1elds inaccessible to ground equ1p
ment; 2) danger of damage to densely sown crops; 3) shortness of growing 
seasons relative to more temperate c11mates, and 4) need for accurate timing 
of applications to take advantage of ra1nfall in reg10ns of marg1nal precip1-
tat ion. Even helicopters are used for fertilization work on mountain hay 
f1elds and pastures, and on small fields. 

*Note that insecticide use has not declined but that other uses have grown 
more rapidly, thereby altering the percentage of treated area in each 
category of use. 

** As used here, the fertilizer category also includes minerals added to 
improve soil fert1l1ty. 

76 



FIG 39 
APPLICATIONS TRENDS IN THE USSR AND USA 
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There 1S suff1c1ent information on US ag-air practice (e.g. Ref. 10) to 
estimate the percentage of treatment area for a particular crop which is 
dedicated to each type of application. Such a breakdown is provided under 
the columns headed US in Table 14 for each of the crop categories employed in 
th1s study. Using the US production f1gures for the last decade to estimate 
treated area for each crop, and US f1gures from Table 14 to allocate applica
t10ns, the trends 1n the upper half of Fig. 39 were reproduced quite accurately. 
A sim1lar exerC1se for the USSR did not reproduce the lower part of F1g. 39, 
even though the estimates of total treated area were good. Therefore, it 1S 
apparent that Sov1et pract1ce 1S not represented by the US allocations in 
Table 14. 

Because the 1nsect1c1de/fung1c1de category dominates for almost every 
crop, under US practice, only a shift of emphas1s from that category to 
fert1lizer and seed would reproduce the USSR experience. Furthermore, only 
s1gnf1cant sh1fts for the most 1mportant Soviet ag-a1r crops would be effec
tive, part1cularly gra1ns and roots. Based on 1nformat10n in Ref. 2, and 
after some exper1mentat10n, 1t was found that the revised allocat10ns in 
columns headed USSR in Table 14 made it poss1ble to reproduce Soviet data. 

The C1rcumstances wh1ch prompted expans10n of aer1al fertilizat10n in 
the USSR do not apply to all nat10ns. However, 1t may be said that the same 
arguments may be advanced in support of aerial fertilization elsewhere. For 
example, while growing seasons are not short 1n the tropics, the need for 
mult1ple cropp1ng results 1n a shortened period for each plant1ng. Moreover, 
1n the future, obtaining one additional crop per year to meet r1sing food 
demand could make aer1al app11cation of fert1lizer as cost-effective in other 
parts of the world as 1t is 1n the USSR. It may also be argued that future 
expanS10n of agr1culture into presently unused regions, such as the Llanos 
reg10n of Colombia, will create accessibi11ty problems s1m1lar to those 
common 1n the USSR and st1mulate aer1al application of bulk materials for the 
same reasons. Therefore, it is not unreasonable to assume that a model based 
on present Sov1et pract1ce is a poss1ble model for the future of ag-air, just 
as current US practice is a good model for the present. 

An allocation of aerial applicat10ns to describe the present world ag
air 1ndustry can be made by ut1l1zing the appropr1ate columns of Table 14 to 
represent the USSR and the columns describing US practice to represent the 
rest of the world. A future allocation to go along with the nom1nal projec
tions presented in the prev10us section can be calculated 1n the same way. 
The revolutionary scenario requires a rev1sed table of allocations in wh1ch 
the var10US chemical-use categor1es are de-emphasized in favor of the fertili
zat10n and seed1ng categories. This allocation assumes that aerial seed1ng 
and fert1l1zat10n will be expanded to 50 percent of all treated area by the 
year 2000 (as 1ndicated by the USSR trend in Fig. 39) and that the percentages 
of chemical uses based on present US practice will decrease in equal propor
t10ns. The postulated applications for this scenario are prov1ded 1n Table 14 
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Crop 
Category US 

Hheat 27 

Rice 6 

Corn 66 

Sorghum 71 

Roots 75 

Dry Beans 93 

Soybeans_ 60 

Grains 27 

Nuts 92 

Sugar Cane 85 

Sugar Beets 85 

Cotton 80 

Vegetables 97 

Frult 100 

Citrus 100 

Tobacco ,--, 84 

Tlmber 94 

Range1end 10 

Area Insects 100 

TABLE 14 

AERIAL APPLICATIONS PRACTICE 
Percent of Treated Area 

Insectlcide Herbicide, 
and Defoliant & 

Fungicide Dessicant 
USSR Adv. US USSR Adv. 

3 13 60 40 17 

2 4 25 30 16 

50 49 28 28 21 

60 55 26 31 20 

10 25 15 25 5 

75 66 5 5 4 

42 44 36 36 26 

3 9 60 40 21 

92 88 8 8 7 

85 81 15 15 14 

70 67 10 10 8 

50 58 19 25 14 

47 49 3 3 1 

90 90 0 0 0 

100 100 0 0 0 

74 76 15 15 14 

89 85 0 0 0 

5 9 88 88 81 

100 0 0 0 a 
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Fertilizer & Seed 
US USSR Adv. 

13 57 75 

69 68 80 

6 22 30 

3 9 25 

10 65 70 

2 20 30 

4 22 30 

13 57 70 

0 0 5 

0 0 5 

5 20 25 

1 25 28 

0 50 50 

0 10 10 

0 0 0 

1 10 10 

6 11 15 

2 7 10 

0 0 0 
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under the columns labeled "Advanced" practlce. 
descrlbe all reglons except the USSR, for WhlCh 
assumed to apply for the year 2000. 

These flgures were used to 
the "USSR" columns were 

A bar chart summarizlng present and future applications patterns under 
the nom1nal and advanced scenarlOS is provided 1n Flg. 40. The results are 
presented for both the free world, whlCh excludes the USSR and other commu
nlst natlons, and for the entire world. In every case, lt can be seen that 
the lnsectlclde/funglcide category decreases as a percentage of total treated 
area between 1975 and 2000. But, whereas the decrease is modest lf present 
(l.e. US) appllcatlons practice is assumed for 2000, a very slgnlflcant drop 
occurs wlth advanced practlce. Furthermore, although fertllizat10n and seed-
109 lncrease In each case, only the advanced scenarlO produces a signlflcant 
change In thlS category. The herblclde/defoliant/ dess1cant category lS seen 
to be almost unaffected wlth a continuatlon of present practlce, and to 
suffer a slgnlflcant decrease in the advanced-scenarlo case. 

Oesplte the fact that large percentage reductlons in chemlcal agent 
appllcatlons occur In F1g. 40, lt lS important to understand that these 
reductions are only in the percentages of area treated and not ln their 
absolute values relative to 1975. To illustrate, the tabulatlon below 
descr1bes what lS happenlng in each case. 

1975 

Appllcation 

Insect./Fung. 69.8 
Herb. /Oef. /Oess. 39.9 
Fert./Seed 21.5 
Total 131.2 

1975 

Applicatlon 

Insect./Fung. 102.3 
Herb. /Oef. /Oess. 69.3 
Fert./Seed 60.3 ---
Total 231.9 

FREE WORLO 

ENTIRE 

Treated Area, 106 ha 
2000 

Present Advanced 
Practice Practlce 

205.7 144.7 
128.4 76.4 
92.2 205.2 ---426.3 426.3 

WORLO 

Treated Area, 106 ha 
2000 

Present Advanced 
Practice Practice 

285.6 230.4 
216.3 122.6 
202.8 351. 7 ---
704.7 704.7 

These data show clearly that due to the large projected increases 1n treated 
area, growth occurs in each applicatlons category for every case. 
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AGRICULTURAL AIRCRAFT REQUIREMENTS 

The techn1cal and economic character1stics of present ag-a1rplanes 
were summarized earlier in Tables 1 and 2. The basis for estimating the 
operating costs of the a1rplanes in those tables were the cost equat10ns 
given 1n Table 3. The analysis which will be described in th1s sect10n 
1nvolves an evaluat10n of the relat1ve performance of agricultural a1rcraft 
in various operat1onal tasks. Compar1sons of several aircraft were made, 
based on a parametric analysls of varlables such as appllcatlon rate, loadlng 
rate, swath w1dth, and f1eld S1ze. Five generalized cases of applicat10ns 
were considered: ultra-low volume (ULV), insectic1des, herbicides, and two 
applicat10n rates of fertllizers. These applications represent cases of very 
low, low, med1um, h1gh, and very high volume, respect1vely. In order to 
represent a full range of future technology cho1ces, f1ve aircraft types were 
analyzed, rang1ng from an eX1stlng small aircraft to a des1gn of a future 
large a1rplane. The cho1ce of a1rplanes, and their characteristics, were 
arrived at after consultat10n with the NASA. 

Analysis of A1rcraft Costs 

To evaluate the relat1ve productivit1es and costs of existing and 
future a1rcraft, a simple operational model was used, based on that pre
sented by Akesson and Yates (Ref. 1). The product1vity of an aircraft 
can be expressed by the follow1ng equation: 

p 

where 

p = product1vity [ha/hr, acres/hr] 

QL = aucraft load [kg, lb] 

QA appl1cat10n rate [kg/ha, lb/acre] 

Ti{ = load time x number of loads [mm] 

TT turn time [m1n] 

DF = ferry d1stance per load x number of loads [km, mi] 

D field length [km, mi] 

Sw swath w1dth [m, ft] 
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VF = ferry speed [km/hr, mph] 

Vs = field speed [km/hr, mph] 

K = 10 for metric units 
8.25 for US un1.ts 

It should be noted that the equation, as given in Akesson and Yates, 
was lacking the "QA" term 1.n the numerator. Also, the ferry distance has 
been given a clearer 1.oterpretat1.on. S1.nce the expreSS1.on is based on the 
product1.v1.ty per load, the ferry d1.stance 1.S def1.ned here as the average 
round tr1.p d1.stance from the loading point ("wheels off") to the beg1.nn1.ng 
of each swath ("spray on") for each successive hopper 10ad1.ng. If the 
10ad1.ng point is at the edge of the field, the average ferry distance is 
s1.mply one-half the length of the f1.eld. If the airplane 1.S loaded further 
away, th1.S add1.tional d1.stance must be added each t1.me the a1.rplane 1.S re
loaded. The f1.rst and last ferr1.es from the home base to the field were 
1.gnored, since that distance is typ1.cally small relat1.ve to the other parame
ters. Each t1.me the airplane 1.S loaded, an addit1.onal ferry must be made and 
the corresponding term in the equat1.on increased. Also, the loading t1.me per 
hopper 1.S mult1.plied by the number of loads 1.t takes to spray the f1.eld. 
These parameters depend on the f1.eld size and applicat1.on rate, and are com
puted externally before being entered into the productiv1.ty equat1.on, as 
follows: 

NL = No. of loads 
= Field size [hal x QA 

QL 

TR = Load1.ng tl.me = NL x Load t1.me per hopper 

DF = Ferry D1.stance = { NL 1f mtogra! } x 

INLI + 1 if non-1.ntegral 
Round trip ferry d1.stance 

For the operat1.onal analys1.s, five aircraft types were chosen for com
parat1.ve purposes: 

1. P1.per Pawnee 
2. Cessna AgWagon 
3. "Improved" AgWagon 
4. Ayres Turbo Thrush 
5. Lockheed AGB-7-TBl design (Ref. 32) 

These a1.rplanes are meant to represent a wide technology range which encom
passes both eX1.st1.ng and hypothetical future models. The characteristics 
of these airplanes are g1.ven in Table 15. The Pawnee and AgWagon are repre
sentative of eX1.sting small- and med1.um-s1.zed aircraft, respect1.vely. The 
"1.mproved" version of the AgWagon assumes hypothetical improvements in 
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TABLE 15 

REPRESENTATIVE AG-AIRCRAFT CHARACTERISTICS 

Improved 
Pawnee AgWagon AgWagon Turbo Thrush AGB-7-TB1 

Acquisitlon Cost, $ 38,220 43,950 50,000 187,000 464,000 

Life, yrs 10 10 10 10 10 

Fuel Consumption, ga1/hr 13 15 12 34 124 
(liters/hr) (51) (57) (46) (129) (471) 

Hopper Capacity, gal (liters) 150 200 280 500 1570 
(570) (760) (1064) (1900) (5966) 

Swath Width, ft (m) 55/35 60/40 65/50 65/55 70/70 
Liquld/Dry (17/11) (18/12) (20/15) (20/17) (21/21) 

Max. Power, kW 175 224 312 559 1134 

Fuel Type Av. Gas Av. Gas Av. Gas Diesel Diesel 

Ferry Speed, mi/hr (km/hr) 115 140 150 160 170 
(185) (224) (240) (256) (272) 

Spray Speed, mi/hr (km/hr) 90 120 130 140 160 
(140) (192) (208) (224) (256) 

Turn Time, sec 20 30 25 20 25 

Loading Rate, 1b/sec (kg/sec) 50/100 50/100 50/100 50/100 50/100 
Manual/Advanced (23/45) (23/45) (23/45) (23/45) (23/45) 
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performance and hopper capacity, accompanied by increases in acquis1tion 
cost and operating cost. The Turbo Thrush 1S an existing turb1ne-powered 
a1rcraft of a larger S1ze. Finally, a very large a1rplane designed by 
Lockheed (Ref. 32) was 1ncorporated 1n order to allow for potential future 
growth 1n very h1gh-volume app11cations. 

The airplane data of Table 15 were then used to calculate operat1ng 
costs, as summarized in Table 16. S1nce the operating cost 1ncludes interest, 
hangar and a1rstr1p, and crew costs, the hourly cost is somewhat h1gher 
than g1ven by Lockheed for their advanced design. Although the operating 
cost calculat10n 1S only an approx1mation, it 1S a valid approach for making 
comparisons among the a1rplanes. The 600 hrs/yr utlllzation represents an 
operating environment of the future, Wh1ch features improved technology and 
operating pract1ces, as expla1ned earlier. 

For the analys1s, these a1rplanes were compared uS1ng the parameters 
shown 1n Table 17. Two scenar10S were chosen for each airplane. The "base" 
a1rplane assumes a manual system of loading and a ferry speed equal to the 
field speed. The "advanced" operat1ng environment postulates an automated 
system for rapid 10ad1ng, and 1mprovements in operat10ns such as higher 
ferry speed, less dead t1me, better mon1toring of payload, improved take
off and land1ng procedures, and closer runways. These 1mprovements are 
reflected by the faster effect1ve ferry speed. 

Finally, the a1rplane compar1son was made on the basis of cost per 
hectare as a funct10n of f1eld S1ze. As would be expected, actual and 
relat1ve costs depend strongly on app11cation rate and field size. Cal
culat10ns were made for f1ve typical app11cation rates of materials, as 
follows: 

1. ULV - 4 kg/ha 
2. Insecticides - 15 kg/ha 
3. Herb1cides - 75 kg/ha 
4. Fert1l1zers/Seeding - 200 kg/ha 
5. Fert1l1zers - 300 kg/ha 

F1eld sizes up to 250 ha were 1ncluded in the parametric study. Such 
f1elds would 1nclude the majority of farms, as 1ndicated by data in Ref. 25. 
For larger areas, the cost curves can easily be extrapolated, as will be seen. 

The results for the "base" airplanes are shown in Figs. 41 to 44 for 
typ1cal insectic1de, herbicide, and fert1l1zer applications, respectively. 
At very low applicat10n rates, such as for insecticides (15 kg/ha), costs 
decrease w1th 1ncreas1ng f1eld S1ze, because turn time becomes a sign1f1cant 
proport10n of the time in spraying small f1elds. The model thus accounts 
for the undesirab1lity of spray1ng very small fields by a1r. The Pawnee 
and Improved AgWagon are the lowest-cost airplanes in th1s comparison. The 
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TABLE 16 

OPERATING COST ESTIMATES 

Improved 
Pawnee Ag\<7agon AgWagon Turbo Thrush AGB-7-TB1 

Total Fixed, $/yr 11,580 13,310 14,630 48,410 117,405 

Depreclatlon 3,785 4,395 5,000 18,700 46,400 

Interest 2,100 2,415 2,750 10,285 25,520 

Taxes & Llcense 1,260 1,450 1,650 6,090 15,310 

Hangar & Airstrip 630 725 850 3,045 7,655 

Insurance 3,805 4,145 4,420 10,290 22,520 

Total Variable, $/hr 43.0 47.9 57.0 72.9 127.3 

Fuel & Oil 8.5 10.8 15.0 23.3 47.2 

Maintenance & Overhaul 16.5 19.1 24.0 31.6 62.1 

Crew 18 18 18 18 18 

Total Operating Cost, $/hr 

Utilization: 400 hr/yr 72.0 80.7 93.6 193.9 421.0 
600 hr/yr 62.3 69.8 81.4 153.6 323.0 
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TABLE 17 

MODEL PARAMETERS 

Improved Lockheed 
Pawnee AgHagon AgHagon Turbo Thrush AGB-7-TB1 

A/C Load (QL) , kg 500 750 1050 1900 5950 

Loading Time, min. , Man. 0.4 0.6 0.8 1.4 4.4 
Adv. 0.2 0.3 0.4 0.7 2.2 

Turn Tlme (TT) , min. 0.3 0.5 0.4 0.3 0.4 

Nominal Swath Hidth (S~l)' m 17 18 20 20 21 

Field Speed (V S) , km/hr 140 190 210 225 260 
-

Ferry Speed (V
F

) , km/hr, 140 190 210 225 260 
Adv. 185 224 240 256 272 

Operating Cost, $/hr: 
Utilization. 400 hr/yr 72.0 80.7 93.6 193.9 421.0 

600 hr/yr 62.3 69.8 81.4 153.6 323.0 
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large Lockheed aIrplane is sIgnIfIcantly higher In cost SInce the hopper IS only 
partly full for fIelds under about 400 ha. SImilar curves were obtaIned for 
ULV applIcatIon, wIth only a SlIght decrease in cost. UnlIke InsectIcIde work, 
the Pawnee was seen to have a downward slopIng curve in the entire range of 
fIeld SIzes. 

The trends are somewhat dIfferent wIth herbIcides (75 kg/ha). For 
the smaller aIrplanes, costs decrease up to about 50 ha, but then Increase 
rapIdly because of Increased ferrYIng requIred to apply the larger quantI
tIes of materIal to larger fIelds. Therefore, there IS an optImum fIeld SIze 
for each aIrplane, although only the largest aIrplane reaches ItS mInImum 
wIthIn the fIeld SIze range of Interest. The AgWagon becomes most expensIve 
for fIelds above about 150 ha, whIle the relatIvely flat cost curve of the 
AGB-7-TB1 makes It the best choIce above 250 ha. The Improved AgWagon and 
Turbo Thrush are the lowest-cost aIrplanes over most of the fIeld-sIze 
range. 

At applIcatIon rates characterIstIc of fertIlIzers (200 and 300 kg/ha), 
costs Increase rapIdly as field SIze Increases, and ferry dIstance becomes 
increasIngly Important. As seen In FIgs. 43 and 44, aIrplanes wIth large 
payloads become attractIve for servIcIng larger fIelds because they reduce 
the number of ferries. Swath WIdth IS much less crItIcal in fertIlIzer ap
plIcatIon, as seen for the AgWagon. Even If the swath WIdth for applIca
tIon of dry materIal IS reduced to 12 m, the effect on cost IS mInImal. For 
higher applIcatIon rates, therefore, It IS more Important to reduce loadIng 
and ferrYIng tIme than to increase swath WIdth, although the Importance of 
swath WIdth would Increase WIth IncreasIng payload. 

Tne next set of curves (FIgS. 45 to 48) shows a sensItIvIty analysIs 
of redUCIng loadIng and ferryIng tIme for two aIrplanes, the Agwagon and 
the AGB-7-TBI. Improvements In these parameters were IndIcated In Table 17. 
In the fIgures, these aIrplanes are labeled as "advanced" verSIons of the 
two aIrplanes analyzed prevIously. From these fIgures, it can be seen that 
the improvements become very sIgnIfIcant for large fIelds and hIgh applIca
tIon rates, producIng up to a 40 percent reductIon In cost In the best case. 
At low applIcatIon rates the effect IS neglIgIble. 

The precedIng analysIs has shown that for small applicatIon rates, 
the absolute dIfferences among aIrplanes on a unIt cost ($/ha) baSIS are 
small (of the order of $l/ha), even though the relatIve dIfferences may be 
large. On the other hand, the cost varIatIon at hIgh applicatIon rates is 
very large (on the order of $10/ha). Furthermore, there is great sensitIvIty 
to Improvements In operatIons (ferrying and loadIng tIme) and the technology 
of aIrplanes (payload) for the hIgh applIcatIon rates. Therefore, It may 
be pOSSIble that fertIlizatIon by aIr could be economically competItIve with 
surface machInes, SInce the magnItude of potential cost reductIons IS 
qUIte large. In the next section, these Improvements are examined with 
respect to other costs, such as materIal and surface applicatIon costs. 
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Factors Affect~ng Future Aircraft Cho~ces 

Before any conclus~ons can be drawn about the s~gn~f~cance of reduced 

airplane operat~ng costs, these costs must be related to other costs incurred 

by the operator and/or farmer. The pr~mary cost ~s that of the mater~als 

themselves, although these costs are d~ff~cult to general~ze because they 
vary among crops and regions, as well as from manufacturer to manufacturer 
and method of appl~cat~on (Ref. 10). Even though ~t ~s poss~ble to g~ve only 
broad ranges of mater~als costs, some ~ns~ght can st~ll be ga~ned ~nto the 
relat~ve cost of appl~cat~ons vs mater~als. As seen ~n Table 18, mater~al 
cost ~s very large compared to m~n~mum appl~cat~on cost (advanced technology) 

for ~nsect~c~de spray~ng, and ~s even larger for ULV appl~cat~ons. As ap
pl~cat~on rates ~ncrease (herb~c~des and fert~l~zer), mater~al costs become 

less dom~nant. The rat~o of mater~als cost to appl~cat~on cost ~n Table 18 

decreases to a value of about 3:1 for the h~ghest appl~cat~on rate and larg
est f~eld. The rat~o ~s close to un~ty ~f the current technology appl~cat~on 

cost ($50) ~s used. The ~mpl~cat~on ~s that there ~s a greater need for ~m
provements ~n aer~al appl~cat~on technology and operat~ons at h~gher appl~ca
t~on rates than for the low-volume work, wh~ch currently dom~nates ~n the 
ag-a~r ~ndustry. 

Because chem~cal costs are much h~gher than the costs of appl~cation, 
efforts should be d~rected not Just at reducing a~rcraft operat~ng cost, 

but at ~mprov~ng the eff~ciency of spray~ng. If the a~rplane d~str~but~on 
system could be ~mproved such that the same b~olog~cal effectiveness were 

ach~eved us~ng less material, cons~derable sav~ngs in total cost would be 

ach~eved. For example, Just a 5 percent saving ~n the quant~ty of ~nsect~c~de 
appl~ed ~s approx~mately one-half the a~rplane-related cost of a typ~cal 

aer~al appl~cat~on. The sav~ngs are less dramat~c at the h~gher appl~cat~on 
rates, as seen ~n Table 18, suggest~ng that, from an econom~c standpo~nt, 
research effort ~n ~nsect~c~de spray~ng (and other low-volume, high-value 
applicat~ons) should be made ~n the area of better d~str~but~on rather than 
~n reduc~ng airplane operat~ng cost per se. From an overall perspect~ve, 
there ought to be a trade-off between the h~gher cost of an ~mproved tech

nology and the attendant sav~ng ~n mater~al cost. 

An ~mportant pract~cal cons~derat~on ~n assessing the ~mpact of a 
cost reduct~on are the roles of the appl~cator and the grower. If the 
appl~cator prov~des the chemicals as a part of his serv~ce, he w~ll seek 
to m~n~m~ze the sum of appl~cat~on and materials costs. Under these con

d~t~ons, the appl~cator would be sens~t~ve to ~mprovements ~n d~stribut~on 

and would be l~kely to adopt them ~f they reduce h~s cost and make h~ more 

compet~t~ve. On the other hand, less motivat~on for ~mproving the effic~ency 
of d~str~bution ex~sts ~f the farmer prov~des the chem~cals for the appl~

cator (as ~n Colomb~a). The appl~cator then seeks to m~n~m~ze only h~s own 

operat~ng cost by choos~ng a lower-cost technology and/or applying less 
eff~c~ently (e.g., larger swaths). In th~s respect, ~t seems more des~rable 

that a "package" serv~ce be provided, assum~ng adequate control by the 
agronom~st and farmer ~s ma~nta~ned. 
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Fleld Slze 

40 ha 
140 ha 
240 ha 

40 ha 
140 ha 
240 ha 

40 ha 
140 ha 
240 ha 

40 ha 
140 ha 
240 ha 

TABLE 18 

COST OF AERIAL APPLICATION VS MATERIALS 
(cost per hectare for one application) 

Range of 
Appllcatlon 

Cost/Ha 

Typlca1 
Range of 
Materla1 
Costs/Ha 

INSECTICIDES 

$0.60 -
0.45 -
0.45 -

$2.50 
1.60 
1.30 

$5 - $10 
5 - 10 
5 - 10 

HERBICIDES 

$0.90 - $2.50 
1.50 - 2.20>'< 
2.30 - 3.50* 

FERTILIZERS 

$3.00 - $ 3.50>'< 
5.50 - 12.00'" 
8.50 - 22.00>'< 

FERTILIZE!ZS 

$ 5.00 - $ 7.00'" 
11.00 - 26.00''< 
18.50 - 49.00''< 

$5 - $20 
5 - 20 
5 - 20 

(low appllcatlon rate) 

'" $35 
35 
35 

(hlgh app11cation rate) 

- $50 
50 
50 

Ratlo of 
Hdterial Cost/I~ln. 

App. Cost 

8 - 17 
11 - 22 
11 - 22 

6 - 22 
3 - 13 
2 - 9 

12 
6 
4 

10 
5 
3 

* Not lnc1uding Pawnee 
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Another lmportant factor affectlng alrplane costs lS utlllzatlon. 
The comparlson of alrplanes has assumed 600 hrs annual utlllzatlon for 
each airplane. It may not be posslble to utlllze a large alrcraft as ef

fectlvely as a smaller one, partlcularly lf lt is used only for llmlted 

purposes such as fertlllzer appllcatlon. The seasonal peaklng In certaln 

appllcatlons (e.g., fertlllzer, whlCh lS applled mostly at the beglnnlng 
of a season) would also reduce the annual utlllzatlon. Because a large 

advanced alrcraft lS not economlC for low-volume work, a good market must 

be assured to malntain utlllzatlon equal to that of other alrplanes. For 

thls reason, the best alrplane Slze may be predlcated on multlple aerlal 

appllcatlon mlSSlons (at varlOUS appllcatlon rates), rather than on one 

hlgh-rate mlSSlon. 

Comparlson wlth Surface Equlpment 

Although the declslon to use elther surface or aerlal technology lS 

rarely made for strlctly economlC reasons, extenslve penetratlon of the 

fertlllzer appllcatlon market by alr wlll requlre Justlflcatlon on economlC 

grounds. Unllke pestlclde appllcatlons, most fertlllzation lS done prlor 

to emergence of any growth. It should be noted that the pre-emergence fer
tlllzatlon practlce places more fertlllzer In the sOlI than the plant can 

utlllze, resultlng In losses In the alr and through leachlng. For this 

reason, pre-emergence fertlllzatlon lS a controverslal practlce. Aerlal 

appllcatlon of nutrlents offers the capablilty of proper tlmlng In the ap

pllcatlon of fertlllzers, so that they are used In only the requlred quan

tltles and at the most beneflclal pOlnts In plant llfe cycles. Informatlon 

on the cost of surface appllcatlon lS sparse, Slnce lt is so dependent on 

the wlde range of avallable machlnery (Ref. 23), the terraln, materlals 

applled, and the method of cost accountlng (Refs.34 and 35). Furthermore, 
none of these sources expllcltly conslders the field size or loadlng opera
tlons other than through the effectlve speed of the machine. 

Rather than analyze a wlde range of tractor/spreader combinatlons, 

one partlcular machlne was chosen to represent a modern, speclallzed plece 

of equlpment. ThlS lS the John Deere 6000 Hi-Cycle Sprayer, a dlesel

powered, hlgh-clearance sprayer wlth a 320-US gallon tank and a 47-ft boom 

(Ref. 36). Because of ltS clearance, it can be used to spray taIlor bushy 

crops In later stages of maturlty. Although designed for low-volume lnsec

tlclde work, operatlng cost for other appllcatlons is not expected to be 

slgnlflcantly dlfferent (Ref. 35). USlng the parameters and equatlons glven 

In Ref. 34, operatlng costs were calculated assuming a ten-year equipment 

llfetlme and an economlC llfe of 2000 hrs. Thls converts to an annual 

utlllzatlon of only 200 hrs, as verlfled In the literature (Ref. 34). The 

cost of appllcatlon (machlne and operator) was estlmated to be about $2.50/ 

* acre, or about $6/ha, whlCh was conflrmed by correspondence wlth John Deere. 

* Correspondence wlth John Deere Des MOlnes Works, August 22, 1978. 
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In compar1son w1th aer1al app11cat10n costs 1n Table 18, ground app11cat10n 
costs are h1gher for 1nsect1c1des and herb1c1des, but not for fert1l1zers, 
1n general. It should be stressed that th1s 1S a very crude compar1son. 
Typ1cal spray1ng equ1pment for pest1c1des 1S probably not as soph1st1cated 
and expens1ve to operate as the un1t assumed here. Also, for fert1l1zer work, 
1t should be recalled that much of the add1t10nal a1rplane cost at h1gh app11-
cat10n rates was due to ferrY1ng. In ground appl1cat10n, 1t 1S assumed that 
no ferrY1ng of the equ1pment 1S involved, S1nce mater1als are de11vered by 
access roads to the s1des of the f1eld. Nevertheless, for h1gh appl1cat1on 
rates, costs for ground equ1pment should 1nclude the trucks used to make such 
del1ver1es S1nce th1s could 1ncrease operat1ng costs s1gn1f1cantly. For 
example, the capac1ty of the 6000 H1-Cycle Sprayer 1S between the AgWagon and 
the Turbo Thrush, wh1ch requ1red much ferrY1ng for fert1l1zer app11cat10n. 

In summary, based on th1s s1mple compar1son w1th ground equ1pment, 
1t appears that a future large agr1cultural a1rplane could be made eco
nom1cally compet1t1ve w1th ground equ1pment, although surface mach1nery 1S 
st1ll probably less expensive for most app11cat10n rates. Th1S tentat1ve 
conclus1on assumes a rather h1gh ut1l1zat10n of a1rplanes compared to ground 
equ1pment, wh1ch would be a crit1cal factor 1n the econom1C success of aer1al 
app11cat1on. It 1S apparent that because no overwhelm1ng cost sav1ng could 
be expected, a need must eX1st for the un1que advantages of aer1al app11ca
t10n -- 1ndependence of terrain and f1eld conditions, and speed and t1mel1-
ness of app11cat10n. An example of where aer1al app11cation may be advan
tageous, part1cularly 1n develop1ng countr1es, 1S the case where f1elds are 
1naccess1ble to ground equ1pment due to terra1n or long distances. Although 
th1s reason was c1ted for the rap1d growth of aer1al fert111zat10n 1n the 
USSR (Ref. 2), there 1S no conclus1ve eV1dence that 1naccess1b1l1ty of f1elds 
1S character1st1c of develop1ng countr1es, or of any crop w1th the except10n 
of r1ce. Future breakthroughs 1n double-cropp1ng could make aer1al appl1ca
t10n a necess1ty 1f ground equ1pment proves harmful to emerg1ng seedl1ngs. 
More research 1nto forest fert111zat1on 1S also necessary before the requ1re
ment for larger a1rplanes can be determ1ned (Ref. 37). S1nce ground equ1p
ment 1S unsu1table for th1s appl1cat1on, h1gh-volume work 1n forestry has 
typ1cally been handled by large, surplus a1rcraft adapted to spray1ng. If 
adaptat10n of such a1rcraft to dry bulk appl1cat10ns 1S not feas1ble, a large 
ag-a1rcraft m1ght f1nd a role 1n forestry. Add1tional factors affect1ng the 
cho1ce of appl1cat1on technology w1l1 be d1scussed 1n the case study. 

Aircraft Project10ns for Advanced Appl1cat10ns Scenar10 

The operat1onal analys1s prov1des a compar1son of a1rplanes and tech
nology levels (present vs future) wh1ch can be used to mod1fy the nominal 
fleet project1ons presented earl1er. Mod1f1cation of those project10ns 1S 

100 



part~cularly ~mportant ~n the advanced scenar~o where a s~gn~f~cant sh~ft 

to bulk appl~cat~ons ~s hypothes~zed because such a sh~ft would affect the 
econom~c and operat~onal v~ab~l~ty of large ag-a~rcraft. Therefore, a method 

was developed to ascertain the ~mpacts of the new-technology a~rplanes on 
fleet projections ~n the advanced scenar~o. The analys~s was appl~ed only to 

the free world market reg~ons because ~t ~s not expected that the commun~st 
nat~on markets would be open to US manufacturers dur~ng the forecast per~od. 

The method of approach ~s best decr~bed by the example of the US market 

because the only means of obta~n~ng a quant~tat~ve ver~f~cat~on of the 
approach ~s w~th respect to US data. To use charts of the type presented 

~n F~gs. 41-48, ~t ~s necessary to have spec~f~c field s~ze data, s~nce 

f~eld s~ze and appl~cat~on rate are the pr~mary var~ables wh~ch del~neate 

the econom~cs of the cand~date a~rplanes. Expand~ng on some of the data 
presented earl~er, the two upper curves ~n F~g. 49 show d~str~but~ons of 

farm hold~ng and cropland harvested in the US in 1974. These d~str~but~ons 
are based on data from Ref. 28. Farm hold~ngs refer to land c1ass~f~ed as 

agr~cultura1, but th~s category ~ncludes pastures and fallow land. Cropland 
harvested ~s more spec~f~c ~n that ~t ~ncludes only that part of agricultural 

land on wh~ch crops were harvested ~n 1974. 

The d~str~but~ons ~n F~g. 49 show the percentages of area ~n each 
category wh~ch exceeded the correspond~ng po~nts on the absc~ssa, ~.e., the 

percentages of area ~n hold~ngs larger than a part~cular s~ze. Field s~ze 
data are not ava~lable, but ~t ~s obv~ous that the f~eld s~ze d~str~but~on 

must be well below the farm and cropland d~str~but~ons because most farm 
hold~ngs are d~v~ded ~nto numerous f~elds, at least some of wh~ch w~ll not 

have the same crop. However, it ~s also apparent that the f~eld-size d~s
tr~but~on should have the same bas~c form as the other curves, wh~ch can be 

descr~bed by the equat~on 

p = K 
~f 

where P ~s the fract~on of area ~n hold~ngs larger than the f~eld size, f, 

and K ~s a constant. Th~s equation guarantees both that P will approach 
un~ty as f~eld s~ze goes to zero, and that ~t w~ll go to zero as f~eld s~ze 

~ncreases w~thout l~m~t. 

To determ~ne the appropr~ate value of the constant K, it ~s necessary 
to cal~brate the equat~on against present US fleet and applications data. 

It was shown earl~er that the US f~xed-w~ng fleet presently consists of 58 
percent small a~rcraft (under 1700 kg take-off we~ght), 19 percent med~um

s~ze a~rcraft (between 1700 and 2700 kg), and 23 percent large a~rcraft (over 
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2700 kg). USIng the format of the operatIons analysIs, thIS fleet breakdown 
was reproduced by the decIsIon process shown In FIg. 50. For f1elds smaller 
than fA' small aIrcraft were assumed to be the proper choIce, for fIelds 
between fA and f B, medIum-sIze aIrcraft were selected and, for fIelds 
larger than f B, large aIrcraft were selected. ThIS selectIon process was 
repeated for applIcatIon rates characteristIc of three types of applIcatIons: 
15 kg/ha for InsectIcIdes and fungIcIdes, 75 kg/ha for herbIcides, dessicants, 
and defolIants, and 200 kg/ha for fertIlIzers and seeds. The calculatIons 
were made for an average utIlIzatIon characterIstIc of present-day operatIons 
(400 hr/yr)*, and the Pawnee, AgWagon and Turbo Thrush were used to represent 
present-day small, medIum and large aIrcraft, respectIvely. Furthermore, 
based on FIg. 39, the followIng weIghtIng was 1mposed to reflect the break
down of US applIcatIons (by area treated) In each of the above categorIes: 

Insectlclde/Fung1clde (I/F) 58% 
Herblclde/Defollant/Desslcant (H/D/D) 26% 
FertIlIzer/Seed (F/S) 16% 

The result was a requIred value of K = 45 to closely reproduce the US fleet 
breakdown. The fIeld-sIze dIstrIbutIon In FIg. 49 was calculated wIth 
thIS value. 

ComparIng the three dIstrIbutIons, It was found that the ratIo of 
farm SIze to cropland SIze varIed from about 1 to 3 (hIgh ratio applIes to 
low percentage of holdIngs), and that the ratIo of cropland SIze to fIeld 
SIze varIed from about 4 to 8. These ratIos 1mply that: 1) the smaller the 
farm, the fewer the crop and fIeld dIvIsIons, and 2) farms are dIvIded Into 
many more fIelds than crops. Over the most Interesting regIon of the curves 
(fIelds larger than 25 ha), a value of about 5 IS approprIate for the field
to-cropland SIze ratIo. 

SInce farm holdIngs (and, therefore, croplands and fIelds) are increas
Ing In sIze In the US, as was shown In FIg. 22, the fIeld-sIze dIstrIbution 
In FIg. 49 cannot be used for fleet projectIons In the year 2000. It IS 
necessary to Include the effect of IncreasIng fIeld SIze WIth time. A sum
mary of hIstorIcal and projected data relatIve to US agrIculture appears In 
FIg. 51, IncludIng the fIeld SIze projectIon for the year 2000. Based on dIS
trIbutIon of fIelds, and uSIng the advanced applIcatIons fIgures in Table 14, 
the US fleet breakdown was revIsed to Incorporate the effect of new technol
ogy, as represented by the Inclus10n of the Improved AgWagon and AGB-7-TBl to 
the aIrplane decIsIon process. A calculatIon was also made for the nomInal 
scenarIo, uSIng only the eXIstIng aIrplanes, and assumIng the nomInal values 
for future applicatIons practIce (I/F - 48 percent, H/D/D - 30 percent, F/S -
22 percent). The results are summarIzed In Table 19, along wIth the 1976 
breakdown for comparatIve purposes. 

*It was shown In FIg. 25 that 300 hr/yr is the fleet average, but the utIlIza
tIon of dedIcated ag-a1rcraft 1S probably h1gher. 
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It was shown earl~er that the trend to larger aircraft ~s strong ~n the 
US market. The nom~nal scenar~o pred~cted a s~gn~f~cant shift from small (S) 
to med~um (M) and large (L) a~rcraft. In Table 19, the 21 percent decrease 
~n small a~rplanes results ~n almost equal ~ncreases ~n both the med~um and 
large categor~es, w~th the result that large airplanes attain the b~ggest 
share. Under the assumpt~ons of the advanced scenar~o, the sh~ft is far more 
pronounced. The percentage of small aircraft is less than 1/3 of its 1976 
value, reflect~ng both the de-emphas~s of ~nsectic~de/fung~c~de appl~cat~ons 
and the further growth of f~elds. The med~um-s~ze percentage is almost the 
same as ~n the nom~nal scenar~o, pr~mar~ly because the Improved AgWagon pre
vents some of the sh~ft wh~ch would have occurred w~thout its technolog~cal 
~mprovements. Most ~mportant ~s the emergence of the very-large (VL) cate
gory, represented by the AGB-7-TBl, wh~ch penetrates s~gn~f~cantly ~nto the 
large fert~l~zer market. 

Free World Market 

Each world reg~on can be characterized by ~ts own f~eld-s~ze d~str~bu

t~on, as was shown earl~er ~n Table 6. In order to repeat the a~rplane 
dec~s~on process for other free-world markets, f~eld-s~ze data for each 
reg~on were assembled and projected to the year 2000. Data from the 1960 
FAO World Census of Agr~culture (Ref. 25) were aggregated into the major 
markets of the Other Developed Nat~ons and LDC groups, as shown ~n F~gs. 52 
and 53. It ~s clear from these charts that some reg~ons are l~ke the US ~n 

the~r concentrat~on of farm and cropland ~n large hold~ngs, wh~le much 
smaller hold~ngs dom~nate ~n some other reg~ons. In general, the developed 
nat~ons, w~th the except~ons of Japan and Western Europe, have h~gh percen
tages of large hold~ngs. Conversely, the LDC groups are character~zed by 
smaller hold~ngs, although the Lat~n Amer~can reg~ons are closer to the 
developed nat~ons than either As~a or Afr~ca. These d~str~but~ons were 
un~formly ~ncreased accord~ng to the growth rates in Table 6, and cropland 
hold~ngs were converted to f~eld sizes by the same rat~o (5) as for the US. 
The f~eld s~ze d~str~but~ons ~n F~gs. 54 and 55 were then used to make 
a~rplane allocat~ons, as ~n the US example, for the advanced scenar~o. 
These results appear ~n Table 20 for each reg~on, and the aggregat~on 
to major markets ~s prov~ded ~n F~g. 56. 

Some ~mportant factors contr~bute to the d~fferences ~n fleet break
downs ~n F~g. 56. The h~gh percentages of med~um- and very-large a~rcraft 
~n the Other Developed Nat~on group, for example, are d~rect results of 
the dom~nance of Ocean~a and Canada, both of which have h~gh percentages of 
large f~elds (Fig. 54) and concentrat~on of agr~culture ~n crops amenable 
to aerial fert~l~zation (gra~ns) and herb~c~des (rangeland). By contrast, 
the LDC group has h~gh percentages of small and large a~rcraft because ~t is 
dom~nated by the Lat~n Amer~can reg~on, for wh~ch crops w~th h~gh ~nsectic~de 
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TABLE 19 

COHPARATIVE US FLEET BREAKDOHNS 

Percent of Alrp1anes in Fleet 

2000 2000 
App1lcatlon 1976 (Nomma1) (Advanced) 

Category S H L S H L S H L VL - - - - - - - - - --
I/F 45 13 0 34 14 0 18 15 0 0 

H/D/D 10 6 10 0 14 16 0 14 1 4 

F/S 0 0 16 0 0 22 0 0 23 25 - - - - - - - - - -

TOTAL 55 19 26 34 28 38 18 29 24 29 

ACTUAL 58 19 23 32 32 36 - - - -
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use are prevalent (e.g., cotton, sorghum), but where falrly large flelds are 
also the rule. These confllctlng effects lilustrate the complexlty of the 
world-market plcture and show the lmportance of analyzlng lt wlth respect to 
reglons of compatlble agrlculture and land-use patterns. To provlde some 
lnslght lnto the dlsparate fleet composltlons ln Table 20, the last two 
columns provlde some crop and fleld-slze factors which affect the results. 
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TABLE 20 

SUMMARY OF FLEETS FOR ADVANCED SCENARIO 

Contributing Factors 
--- ----------- - ------ - ----- ------------------- ------- ---

Group Reglon 
US 

Other 
Developed 

LDC 

Oceania 
W. Europe 
Canada 
South Afri 
Japan 
Israel 

TOTAL 

Mexico 
Trop. Lat. 
Temp. Lat. 

I Near East 
I ASla 
I Africa 

--

ca 

-----

Amer. 
Amer. 

--

! I TOTAL 

~~----

Percent of Fleet ln Year 2000 

Small Medium Large Very Large 

18 29 24 29 

7 32 13 48 
24 20 53 3 

5 30 12 53 
13 50 6 31 

100 0 0 0 
18 29 24 29 
-- -- -- --

11 29 19 41 
- --- ---------

39 24 28 9 
28 20 40 12 
24 34 19 23 
30 19 42 9 
11 16 66 7 
33 19 42 6 
-- -- -- --

29 25 33 13 
- - -

20 28 25 27 
--------- -- ------------ -- -- ----

HdJor % Fields 
i\p;-Air Crops Larger 
ln Year 2000 than 100 

Rice Grains, Cotton 39 

Gralns, Cotton, Rice 62 
Gralns, Vegetables 2 
Grains 70 
Cotton 69 
Rice, Vegetables, Citrus 0 

Cotton, Cltrus 30 

I Sorghum, Cotton 40 

I Cotton, Soybeans 16 
Sorghum, Rangeland 40 
Rlce, Cotton, Vegetables 14 
Rice 4 
Rice, Cotton, Dry Beans 8 

----

---------

ha 



COLOMBIA: AGRICULTURAL AIRCRAFT CASE STUDY 

To analyze more specIfIcally the Impacts whIch advanced agrIcultural 
aIrcraft mIght have, a case study country was selected for detaIled analysIs. 
After a selectIon process (see AppendIx) whIch consIdered a varIety of phys
Ical, economIc, and socIal factors, ColombIa was chosen based on its agrIcul
tural potentIal In a varIety of crops and ItS present use of agrIcultural 
aIrcraft. EXIstIng agrIcultural productIon and trends were examIned and the 
extent of agrIcultural aIrcraft use was analyzed. DurIng the course of the 
study, a VISIt was made to ColombIa to determIne the nature of current prob
lems facIng ColombIan ag-alr operators and to gather fIrsthand InformatIon 
concernIng the agrIcultural sector and factors affecting future use of ag
aIrcraft. 

Country DescrIption 

ColombIa IS located In the northwest corner of South AmerIca, wIth 
coasts on both the AtlantIc and PaCIfIc Oceans. FIgure 57 shows a map of 
ColombIa IndIcatIng the prIncIpal regIons and polItIcal dIvIsIons. The 
country IS prImarIly agrIcultural and most of the populatIon IS employed In 
that sector. The clImate and terraIn are varIed -- the lowlands are gener
ally hot and have heavy raInfall. In the mountaIns, clImate varIes WIth 
altItude and becomes qUIte temperate In the higher elevatIons. The Andes 
mountaIns enter ColombIa from the Equador border and SplIt Into three ranges. 
The capItal CIty of Bogota IS located on an BOOO-ft plateau In the Eastern 
Range of the Andes. Much of the farmIng IS done In the rIch, fertIle val
leys and plateaus, whIch also contaIn the majorIty of the populatIon. The 
Magdalena RIver IS the prIncIpal rIver and flows In the eastern valley Into 
the Carrlbean. The remaInder of the country IS almost unInhabIted and con
SIStS of a great plaIn known as the Llanos, extendIng eastward from the 
Andes. Toward the southeast, the area becomes a tropIcal raIn forest and IS 
part of the Amazon baSIn. Temperatures are relatIvely constant throughout 
the year In all parts of ColombIa, WIth seasonal varIatIons occurrIng in the 
amount of raInfall. 

Coffee IS ColombIa's most sIgnIficant crop and comprIses over half of 
ItS exports. The crop grows on mountaInSIdes at elevatIons between 1300 and 
2000 meters. Due to the fact that It has been relatIvely dIsease-free and 
IS grown on very small plots, there has been no aerIal applIcation on coffee 
plants and It IS unlIkely that there WIll be In the future. Of ColombIa's 
other major crops, the prIncIpal ones receIvIng aerIal applIcations are cotton, 
rIce, bananas, sorghum, soybeans, and sugar cane. The maIn cotton-growIng 
regIons are Tollma, the Cauca Valley, and the northern coast. RIce produc
tIon IS dIstrIbuted SImIlarly, WIth the Llanos emergIng as a new regIon of 
great potentIal. Bananas are concentrated In a small regIon on the CarIbbean 
coast. Sorghum IS a small but IncreasIngly important crop, grown In the same 
regIons as cotton and rIce. FInally, soybeans and sugar cane presently 
represent only a very small fractIon of aerIal applicatIon work In ColombIa. 
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ProjectIons of AgrIcultural ProductIon and Exports 

AgrIcultural data for Colombia (Ref. 3) were analyzed and used to make 
projectIons of crops to the year 2000. TIme serIes data from 1965 to 1978 
were plotted for the area and YIeld of the five major crops treated by aIr: 
cotton, rIce, bananas, sorghum and soybeans. InformatIon provIded In Ref. 38 
was used as the basIs for extrapolatIng these trends to the year 2000. Data 
far cotton are shown In FIg. 58. YIeld has been erratIc, but a 2 percent 
growth can be expected, as suggested by past trends and comparatIve YIelds In 
other countrIes. Crop productIon IS the product of area and YIeld, shown in 
FIg. 59 for cotton. For rIce, publIshed projectIons of area are rather con
servatIve, so a more realIstIC extrapolatIon was made, as seen In FIg. 60. 
Along wIth a modest Increase In YIeld, thIS results In the 3 percent annual 
growth of productIon IndIcated In FIg. 61. ThIS growth rate IS about the same 
as the expected populatIon growth rate. Although less data for bananas were 
avaIlable, the estImates In FIgs. 62 and 63 seem reasonable on the basIs of 
past trends. For sorghum, extrapolatIon of tIme serIes data on area IS much 
more conservatIve than the 10 percent growth rate from Ref. 38. The hIgh 
growth rate was postulated to account for shIftIng emphasIs from corn to 
sorghum In the manufacture of concentrates, due to sorghum's hIgher YIeldIng 
abIlIty and ItS adaptlbility to mechanizatIon. A slmllar phenomenon IS takIng 
place wIth soybeans, shown In Figs. 66 and 67. In thIS case, the drIVIng 
factor IS lmport SubstItutIon. Although soybean lmports appear to be small In 
FIg. 67, much of the Imports are In processed form (oIls), whIch accounts for 
the low weIght. The varIatIon In projected area IS due to uncertaInty In the 
percaplta consumptIon of edIble OIls and fats. 

To estImate foreIgn exchange earnIngs from Increased agrIcultural 
productIon, It was necessary to project the export value of the major crops. 
Cotton, rIce and bananas have been, and WIll contInue to be, the prImary ex
port crops. The weIght, value and unIt value of the exports of these crops 
were tabulated for the years 1971-1976 (Ref. 39) USIng an average for each 
crop, as well as a breakdown by components (e.g., shelled rIce, polIshed 
rIce, rIce for seed, etc.). The future values of these crops were projec
ted In current dollars (assumIng past trends of InflatIon continue) and the 
export potentIals (In current US $) were obtaIned by multIplYIng the future 
values by the projected weIghts obtaIned previously. Actual exports from 
1971 to 1975 were then plotted (Ref. 40) and the ratIO of actual exports to 
potentIal exports determIned. ThIS ratIO was then projected and used to 
determIne the value of exports for each of the crops, as follows: 

106 Current US $ 

1975 1980 1985 1990 1995 2000 -- -- -- -- -- --
Cotton 76 135 220 357 562 824 
RIce 22 54 125 230 380 570 
Bananas 32 87 203 285 367 432 
Total 130 276 548 872 1309 1826 
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FIG. 60 

RICEAREA 

500 

<t: 
:c 
0 -0 
0 400 -
<t: 
w 0; NO DATA 
a: 
<t: 

300 

200~------~--------~------~------~~------~------~------~ 
1965 1970 1975 1980 1985 2000 

YEAR 

RICE YIELD 
8000 

7000 

6000 • 1974-76 JAPAN 
<t: 
:c -- 5000 (!) 
~ 

0 

• 1974-76 USA EF 38 P 282) 
SEDONR '--,0/. GROWTH \6'-:'- _ - - A, B 

o~ .- __ 

.... --- --- ---
...J 
W 

>- • 1974-76 WORLD AVERAGE 
a: 
<t: • 1974-76 SOUTH AMERICA 
w 
>-

1000 

o~------~------~------~~------~------~ ______ ~ ______ ~ 
1965 1970 1975 1980 1985 2000 

YEAR 

78-12-19-10 

120 



FIG. 61 

R ICE PRODUCTION 

4000r---------------------------------------------------------~ 

3000 

U) 

z 
0 
f-
U 
c:: 2000 f-
LU 
~ 
0 
0 
0 

1000 

1965 1970 1975 2000 

YEAR 

78-12-19-6 

121 



<C 
:I: 
o 
o 
o 

« 
w 
c: 

30 

20 

FIG 62 

BANANA AREA 

TREND EXTRAPOLATION 

--- --- ---,;-

/ 
I 

<C 10 

o~ ____ ~~ ____ ~~ ____ ~~ __ ~~~ __ ~~~ __ ~~ ____ ~ 
1965 1970 1975 1980 1985 1990 1995 2000 

YEAR 

BANANA YIELD 
80 

70 

TREND EXTRAPOLATION 
60 

« 
:I: 

50 ...... 
(!) 
~ 

--------......-"""-
~ 

." 
", 

0 
0 40 0 

./ 
/ 

/ 
0 
...J 30 w 

/ 

>= 
20 NO DATA ON OTHER COUNTRIES 

10 

0 
1965 1970 1975 1980 1985 1990 1995 2000 

YEAR 

78-12-19-4 

122 



1600 

1500 

1400 

1300 

1200 

CJ) 1100 
z 
0 
I-

1000 u 
a: 
I-
w 900 
~ 
0 
0 
0 800 ..... 

700 

600 

500 

400 

300 

200 
1965 1970 

BANANA PRODUCTION 

I 
I 

I 
I 
I 
I 
I 

1975 1980 

123 

/ 
I 

I 
I 

/ 
/ 

/ 
/ 

;I' 

/ 

" ;' -

ITREND EXTRAPOLATION 
/ 

1985 1990 

YEAR 

FIG 63 

-----

1995 2000 

78-12-19-8 



450 

400 
r 

350 

300 
<X: ::r: 
0 250 1 O~o GROWTH RATE, 
0 BASED ON REF 38, P 284 0 

5~o FROM 1985-2000 
<X: 200 
LJ.J 
a: 
<X: 

150 

100 

50 

1965 1970 

SORGHUM AREA 

1450 IN 2000 " " 

I ", 
700 IN 1985 / ", " 

;I' 
/ /' TREND EXTRAPOLATIONS 

/ ./ 
/ ./ 

1// 
I' 

1985 

YEAR 

SORGHUM YIELD 

• 1974-76 DOMINICAN REPUBLIC 

FIG 64 

2000 

3500r-----------------------------------------------------------~ 

_ 3000 
<X: 
::r: --(!J 
~ 

Cl 
-l 
LJ.J 

>- 2500 

..... -------- ---
-----

1974-76 WORLD = 1187 KG/HA 
2000L-______ ~ ______ ~ ______ ~~ ______ ~ ______ ~ ______ ~ ______ ~ 

1965 1970 1975 1980 1985 1990 1995 2000 

YEAR 

7B-12-19-5 

124 
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FIG 67 
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Although the values are g1ven as current us $, they can be deflated by 
the expected 1nflat10n rate to obta1n real exchange earn1ngs. These projec
t10ns are very crude but are useful to compare the relat1ve 1mportance of 
each crop. The cotton share 1S expected to decline from 58 percent 1n 1975 
to about 40 percent of the three-crop total in 1985 and r1se s11ghtly there
after. R1ce should exper1ence a gradually increas1ng share from 17 percent 
to about 30 percent 1n the year 2000. Bananas w1ll cont1nue to grow, peak1ng 
1n 1985 and then dec11n1ng to the1r current share. 

Aer1al App11cat10n 1n Colomb1a vs the US 

Agr1culture 1n Colomb1a has many s1m1lar1t1es w1th that of the US. 
However, there are structural d1fferences 1n the ag-a1r 1ndustr1es 1n the two 
countr1es as well as some d1fferences 1n the crops wh1ch are treated. Recent 
trends 1n aer1al app11cat10ns 1n Colomb1a are shown 1n F1gS. 68-71, wh1ch 
deplct fleet S1ze, ut1l1zat10n of a1rcraft, and area treated, for the major 
crops. Although the est1mate of fleet S1ze has var1ed cons1derably (Fig. 68), 
total hours flown have r1sen throughout most of the per10d shown (F1g. 69). 

Because Colomb1an agr1culture parallels that 1n the US 1n many respects, 
ag-a1rplane uses are s1milar. A compar1son of ag-a1rplane ut1l1zat10n be
tween Colomb1a and the US (F1g. 70) 1nd1cates that the Colombian fleet has 
been ut1l1zed about as 1ntens1vely as the US fleet. However, these data do 
not lnd1cate the eff1c1ency of alrcraft utl11zat1on 1n the two countr1es. 
The judgement of 1nformed sources 1S that ag-a1rplanes are used more effl
c1ently 1n the US. Therefore, more mater1al can be depos1ted on target per 
a1rcraft hour by a1rplanes 1n the US fleet than by Colomb1an airplanes. 

Aer1al treatments by Colomb1an crop are dep1cted 1n F1g. 71. As in 
the US, cotton 1S the crop on wh1ch most aer1al applicat10ns are concentra
ted. Therefore cotton app11cat1ons have been exam1ned 1n deta1l in the case 
study. Var10us gra1ns and bananas are the other major crops treated by a1r 
1n Colomb1a. A compar1son of the relat1ve d1str1but10n of ag-a1r act1v1ty 
by crop 1n the US and Colomb1a appears 1n F1g. 72. Although cotton 1S the 
s1ngle largest crop treated by a1r 1n both countr1es, cotton treatment has 
dom1nated ag-a1r act1v1ty 1n Colomb1a, pr1mar1ly because of mult1ple 1nsec
t1c1de treatments of cotton f1elds well 1n excess of US pract1ce. Between 
cotton and r1ce, over 80 percent of Colomb1an treatment area 1S accounted 
for; 1n the US, these two crops account for less than the 40 percent of the 
total. 

An 1nterest1ng compar1son of US and Colomb1an ag-a1r activ1ty 1S pre
sented 1n F1g. 73. The measure employed 1n th1s chart is the rat10 of aer1al 
treatment area to total area harvested for each of the major ag-a1r crops. 
The he1ghts of the bars 1nd1cate the intens1veness of aer1al app11catlons. 
A bar extend1ng above 1.0 s1gn1fies that, on the average, the harvested crop 
area 1S treated at least once by a1rplane. 
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FIG 70 

COMPARISON OF U.S. AND COLOMBIAN AG AIRCRAFT UTILIZATION 
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FIG 72 

PERCENTAGE BREAKDOWN OF AREA TREATED BY AG AIRCRAFT 
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FIG 73 

RELATIVE COMPARISON OF AERIAL TREATMENT FOR MAJOR CORPS 
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It 1S apparent from F1g. 73 that the intens1ty of treatment is greater 
for cotton ~n both countr~es, but much more so ~n Colomb~a than 1n the US. 
Conversely, US treatment of r~ce ~s s~gn~f~cantly greater than Colomb~a's, 
wh~ch 1S not surpr1s~ng, s~nce a sign1ficant fract10n of Colomb1an r1ce area 
~s probably devoted to small farms, many of the Subs1stence type, wh1Ch do 
not rece1ve treatment. On larger farms, where r1ce 1S grown as a commerc1al 
crop for domest1c consumpt1on or export, ag-a~r pract~ce ~s probably close to 
that of the US. 

The baslc gralns--wheat, corn, sorghum--rece~ve conslderably less aer1al 
appl1cat1on, as 1S also true of soybeans. These four crops account for a 
domlnant share of US harvested area (66 percent), but a cons~derably smaller 
share 1n Colomb1a (23 percent). For all but corn, another common Subs1stence 
farm staple, Colomb1a's aer1al treatment 1S more 1ntens~ve than that of the 
US. 

The rema1n~ng three crop categor1es 1n F1g. 73 are those for whlch no 
compar1son can be made because one of the countr~es has no slgn1f1cant area 
harvested or treated by a1r. Nevertheless, these are lmportant crops frOM 
the standpo1nt of aer~al appl~cat1ons, part~cularly bananas in Colomb~a, and 
vegetables ~n the US. The rat~o of 14 un1ts of area treated per un~t of 
banana area harvested ~s by far the most ~ntense example on the d~agram. 
F1nally, aggregat~ng all crops, ~t can be seen that Colomb1a actually uses 
aer1al treatment more 1ntens~vely than the US, although not necessar~ly as 
eff~ciently, as noted earl~er. 

Colomb1an Ag-Aircraft Manufacturing 

The Colombian agr~cultural av~ation ~ndustry has been growing very fast 
~n the last ten years. Numerous general av~at~on a~rcraft models, ~nclud~ng 

ag-aircraft, are assembled by P~per and Cessna l~censees. Aircraft are pro
v~ded for all Andean Pact nat~ons; therefore many of these a~rcraft are for 
export. Interest has also been expressed by Embraer, of Braz~l, to assemble 
the1r a~rcraft 1n Colomb1a. Importation of a~rcraft ~s prohib1tively expen
Sive because of the duty lev~ed 1n order to support Colomb~a's own 1ndustry. 
Most a~rplanes 1n use, therefore, are P1pers and Cessnas assembled under 
l~cense 1n Colomb1a, near Bogot;. There are about 280 ag-a1rcraft presently 
registered 1n the CiV1l AV1at1on Department. 

In 1978, 27 P~pers were assembled, ~nclud~ng the PA-36-300 and -375 
models of the Pawnee Brave uS1ng Lycom~ng eng~nes. The same number of a~r

* planes 1S scheduled for product1on in 1979. Unl1ke Cessna, all of the 

* The P1per assembly plant ~s operated by Aero Industr1al Colombiana S. A., 
and the Cessna plant by Urdaneta y Galvez Ltda. The f~rm of Aero-Mercant1l 
Leaver & C1a. S.C.A. serves as sales agent. 

135 



1978 P~per product~on was del~vered to the operators that year. Over 90 
percent of the parts are ~mported, but there is an increas~ng integration 
w~th the Colombian industry, as requ~red by the Government. For example, 
the weld~ng of the ma~n structure of the Pawnee Brave ~s now be~ng done by 
an outs~de contractor on the prem~ses. Each year add~t~onal pr~mary manu

factur~ng tasks must be adopted to assure cont~nued growth of domest~c 

manufactur~ng capab~l~ty. 

The same year, Cessna had manufactured 48 a~rplanes ~n Colomb~a for 

sale ~n Colomb~a and the Andean Pact countr~es, compared to 27 for P~per. 
Some mod~f~cat~ons to a~rcraft have been done, such as softer land~ng gear 

and overs~ze t~res for rough f~eld capab~l~ty. A new regulat~on w~ll soon 

requ~re all ag-a~rcraft to have commun~cat~ons equ~pment. Nany of the parts 
used, such as fiberglass sect~ons, are from local sources. 

Structure and Problems of the Aer~al Applicat~on Industry 

Observat~ons regard~ng the nature of the aer~al appl~cat~on ~ndustry 
~n Colomb~a and the problems it w~ll face ~n the future are based on a v~s~t 

made ~n early November 1978. The pr~nc~pal contact was Dr. Lu~s Fernando 

Gutierrez T. who ~s pres~dent of AVIAGRICOLA, the nat~onal assoc~at~on of 

aer~al appl~cators. Other contacts made are l~sted ~n the Append~x. Al
though AVIAGRICOLA does not ~nclude all operators in ~ts membersh~p, ~t 

~ncludes all the large operators and many of the small ones. Thus, ~ts 

members represent the major~ty of aer~al appl~cat~on work done. 

The aerial appl~cat~on ~ndustry ~s very fragmented and cons~sts mostly 

of small operators w~th one or more a~rplanes. There are currently 42 
reg~stered a~r appl~cators ~n Colomb~a and a fleet of about 280 a~rplanes. 
Offlc~al statlstlcs concern~ng the number of operators and hours flown 
greatly underest~mate the use of a~rcraft. Many a~rcraft are used by un
reglstered "fly-by-n~ght" operators who avo~d income declarat~on and legal 
restrlct~ons. The max~mum allowable monthly fly~ng t~me per p~lot of 90 hrs 
~s often exceeded by operators m t~mes of h~gh demand, thereby ~ntroduclng 

~neff~c~ency of applicat~on because of poor meteorolog~cal cond~t~ons and 

~nsuff1c1ent attent10n to ach1ev1ng good d~str1but1on. Although a~r appl1-

cation is done by spec1al1zed f1rms rather than by the growers themselves, 

large farmers often have ag-a1r Subs1d1ar1es. Compet~t1on ~s fierce among 
ag-operators. In cases where zones of operation are defined, it ~s d1fflcult 
to control the operat1ons of encroach1ng appl1cators, part~cularly "p~rate" 
operators*. Lack of responsib1l1ty between farmers and illegit~mate 
operators 1S a frequent problem. If crops are poor, the farmer may neglect 
to pay for services, and when demand for serV1ces ~s h1gh, operators w1ll 

seek out the best "accounts", wh1le 19noring the small farmers. The ~re
sent number of operators ~s exceSS1ve accord~ng to informed judgement . An 

* From conversat~on with Dr. Lu~s Fernando Gut~errez T. 
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~ndustry cons~st~ng of perhaps ten large compan~es ~~ght result ~n a health~er 

compet~tlve sltuatlon. 

The problem of aer~al spraying concerns, therefore, not only the a~r
planes themselves, but also the product~vity of the a~rplanes and thelr 
effect~ve Ilt~l~zat~on. Pr~or ass~stance from the Un~ted States in the form 

of techn~cal expert~se has come from Dr. Yates and a Un~vers~ty of Cal~forn~a 

AID group. They v~slted the Cauca and Tollma reg~ons, offer~ng many sugges
t~ons for ~mprovements ~n technology and operat~ons, and also ran tra~n~ng 

programs for pllots and operators. 

The followlng table ~ncludes some stat~stics concern~ng a~r appl~cat~on 

~n Colomb~a' 

No. of No. of No. of Ha Treated Value 

Compan~es A~rplanes Runways (06 ) 10 6 pesos 

1972 28 207 211 3.0 190 

1973 33 229 236 3.2 225 

1975 37 275 300 3.7 295 

1978 40+ 280+ 5.0+ 

The data shown for area and value are tenuous est~mates due to report~ng 

problems and lack of suff~c~ent knowledge of the operat~ons. The number of 
a~rplanes ~s expected to grow at a much smaller rate ~n the future due to 

lncreases ~n the~r product~vlty. The large number of appl~cat~ons ~n recent 
years has been due not only to pest ~nfestat~on, but also to poor t~m~ng of 

appl~cat~ons and poor pract~ces. For example, ~n periods of high demand, 

sprayers have been knmm to operate up to 14 hours per day, even though the 
most effective spray~ng per~ods are 7-11 A.M. and 4-6 P.M. Also, there have 
been cases of ~mproper m~x~ng of ~ncompat~ble chem~cals in order to econom~ze 

spray~ng costs. Emphas~s ~s therefore be~ng placed on more educat~on of the 
grower and sprayer, rather than on more spray~ng. 

Very l~ttle government support ~s g~ven to the ag-a~r operators and very 
l~ttle ~nterest is shown. Although long-term loans are ava~lable for trac
tors, trucks, and other farm equ~pment, a~rplanes must be bought by equ~ty 

cap~tal. The exchange rate ~s presently about 40 pesos/US$, subject to 

~ncreases ~n cost due to further devaluat~on. Ag-operators are respons~ble 
for construct~on of the~r own a~rports and 90 percent of the operat~ons are 
from pr~vate airports. Even though the importat~on of av~at~on parts ~s 

subject to preferent~al treatment, parts are expens~ve and often d~fficult 
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to obta1n. The1r high cost precludes large inventor1es, wh1le 1mportat1on 
is very t1me-consum1ng. These problems are typical of the develop1ng-country 
enV1ronment Wh1Ch 1S character1zed by lack of good infrastructure. 

The follow1ng table glves a breakdown of typical operat1ng costs for an 
* aer1al appl1cator 1n Colomb1a : 

A1rplane 
Fuel 
Aircraft Insurance 
Other Insurance 
Pllot 
Adm1n1strat1ve 
Runway 
Interest 
Accessor1es 
Legal Cost & Acctg. 
Income Tax 
Soc1al Sec. & Fringe Benef1ts 
Transportat1on & Other 
Other 

% of Operat1ng Cost 

9.22 
7.87 
9.03 
1.29 

18.89 
12.71 

3.04 
l6.6~ 

1.38 
0.92 
0.71 
5.72 
1.38 
2.76 

The operat1ng cost has been about 100 pesos/hectare 1n the most recent 
year but 1S rap1dly 1ncreas1ng, part1cularly in the fuel component. 

In order to operate legally, an au appl1cator must obta1n llcenses or 
perm1ts from the Inst1tuto Colomb1ano Agropecuar1o (lCA), the Departamento 
Adm1n1strat1vo de Aeronaut1ca C1V1l (DAAC) , the M1n1stry of Publ1c Health, 
and two perm1ts from the Commerce Department. These complex1t1es encourage 
"pirate" operators wh1ch the government has d1ff1culty 1n controll1ng. One 
step 1n that d1rect1on has been recently taken, however. The lGA 1S trans
ferr1ng 1tS respons1b1l1ty of llcens1ng aer1al appl1cat1on f1rms to a new 
department 1n the DAAC, wh1ch has been formed to deal spec1f1cally w1th agr1-
cultural a1rcraft. Th1S change should result 1n closer cooperat1on between 
a1rcraft reg1strat1on and company llcens1ng, as well as more interest 1n ag
aV1at1on as an 1ndustry. The appropr1ate chem1cal application 1S prescr1bed 
by an agronom1st from the lCA, wh1le the grower supplies the product to the 
a1r appl1cator. The qual1ty of agronom1sts 1S cons1dered h1gh, though other 
problems of educat10n and surplus unsk1lled labor remain. Ag-p1lots are 
generally acknowledged to be suff1c1ently trained -- there are 5 schools for 
agr1cultural flY1ng -- and recently there has been a surplus of pilots. The 
acc1dent rate has been high but is 1mprov1ng. However, maintenance of 
a1rcraft is a constant problem due to lack of qualif1ed techn1c1ans, poor 
qual1ty of facil1t1es, and d1fficult1es in parts supply. 

*From Dr. Luis Fernando Gut1errez T. 

138 



In general, the ICA prefers a m1n1mum of regulat10ns in keeping w1th a 
free-enterprise system. Although a zone system of operat10ns 1S frequently 

used, open compet1t1on 1S advocated. Even though problems eX1st w1th chem1-

cal contaminat10n (even deliberate d1lut1on) along the d1str1but10n chain, 1t 

1S not l1kely that app11cators w1ll be respons1ble for purchases of chem1cals 

1n the future. The po11cy of the ICA 1S to m1n1m1ze the need for aer1al 

spraylng whenever posslble. Blologlcal controls ln early stages of growth 
are advocated. Ground spray1ng 1S suggested when posslble, partlcularly when 

selectlve spot spray1ng 1n early stages of lnfestatlon can be used. Th1s 

pollcy lS expected to allow for better mon1torlng and lnspectlon of crops 

dur1ng the1r growth. 

About 60 percent of the aer1al app11cation of chem1cals 1S for cotton, 

resultlng 1n a strong dependency by ag-operators on the crop. Much of the 
growth of ag-av1atlon has been attrlbuted to 1ncreases ln the area planted 

for cotton. The last two years have been poor ones for cotton, particularly 
1977, because of unusually severe lnsect lnfestatlon and bad weather. In 
the1r efforts to control the pests, farmers made extensive use of aer1al 

spray1ng. Typ1cally, 25 to 30 app11catlons were made durlng the grow1ng 
season. Demand for a1rcraft was h1gh, resultlng 1n long hours of use w1th 

l1ttle tlme for ma1ntenance. Unfortunately, for a number of reasons, llttle 

success was met and cotton productlon decreased markedly. In additlon, cot
ton prlces on the world market fell and the farmers took great financlal 

losses, despite some Government subsldy. In response to that s1tuation, 

areas planted for cotton ln 1978 were reduced by about 1/3 and farmers re
sorted to more b1olog1cal control of pests. The problems of the past year 

dld not recur, although cotton exports have been curtalled and unemployment 

has 1ncreased. For the aer1al app11cators, the result was that 1/3 of the 

fleet rema1ned on the ground. Operators who depend mostly on cotton are 1n 

f1nanc1al d1ff1culty, although the outlook lS br1ghter for the future. 

An 1mportant problem encountered by operators 1S the lack of effect1ve

ness of the1r spray1ng. Operators get blamed for the1r fallure to control 

pests, and they 1n turn blame the qua11ty of the chem1cals. Very frequently, 

the cause lS a comb1natlon of poor t1mlng of appllcat10n and the reslstance 

developed by 1nsects. Chem1cal contamlnat1on lS also frequently respons1ble, 
but thls lS usually not due to poor quallty control by the manufacturer, as 

1S often cla1med. Formulat10ns are m1xed by the Colomb1an manufacturers from 
imported raw mater1als w1th a tolerance of 15 percent, as compared to about 

10 percent ln the US. Contamlnatlon frequently occurs along the dlstrlbutlon 
cha1n, w1th p1lferage by subst1tut10n of 1nert products for h1gh-value act1ve 
lngredlents. There 1S also a large market for fraudulent products sold at 

compet1t1ve pr1ces, w1th the blame for the1r 1neffect1veness passed on to the 

leg1t1mate manufacturers. 

A number of US compan1es (such as Shell and Dow) are involved ln the 

sale and dlstrlbut10n of chem1cals. The only agricultural chemicals pro

duced by Shell ln Colomb1a are 1nsecticldes, of whlch 85 percent are used on 

139 



cotton. Dow does not dIstrIbute InsectIcides In ColombIa, although they are 
plannIng to do so In the future*. HerbICIdes for pasture (phenoxys) are 
applIed by ground eqUIpment, SInce most pastures are located too close to 
susceptIble crops. They are also applIed to other crops by ground means, 
WIth some aIr applIcatIon to sorghum. 

There are several polICIes InItIated by the ICA recently, to 1IDprove 
the effectIveness of pest control. The use of ULV (ultra-low volume) spray
Ing IS beIng curtaIled for reasons of Inadequate superVISIon. ThIS practIce 
reqUIres careful preparatIon of chemIcals, preCIse calIbratIon of eqUIpment, 
and good sprayIng technIques. The consequences of Improper use are severe In 
terms of envIronmental damage, crop losses, and hazards to the applIcator and 
hIS eqUIpment. In February 1978, an appllcat10n rate of at least 7 gal/ha was 
suggested, and the use of ULV IS decl1nlng. The ICA also advocates the use of 

** bIologIcal controls whenever pOSSIble . By USIng Insect populat1ons wh1ch 
feed on the Insects caUSIng crop damage, and ma1ntalnlng a del1cate balance 
of predator and prey, such methods are effectIve In early stages of 1nfestat1on 
and elImInate the need for chemIcal applIcatIon at the beglnn1ng of the season. 
The Impllcat10ns of these trends In ColombIa are SIgnIfIcant because they 
IndIcate an awareness of ecologIcal factors whICh is closely coupled to US 
developments. DIrect contacts by off1clals of the Colomb1an government and 
prIvate 1nd1viduals WIth theIr counterparts In the US result in rapId transfer 
of US inlt1at1ves, partIcularly In the regulatory area. For thIS reason, 
regulatIon-drIven changes In the structure of the US ag-alr Industry are lIkely 
to be adopted qU1ckly by Colomb1a and other LDCs, even though some economIC 
penalltles may be suffered In the short term. The example of de-emphaslz1ng 
ULV sprayIng because of 1nadequate knowledge and control by operators IS a case 
In pOInt. 

Although It may seem that sales for chemIcal companIes would be reduced 
by competItIon from blolog1cal controls, the reverse IS actually true In the 
long run. WIdespread use of chemIcals results In Insect 1IDmUnlty, whIch 
leads to the need for development of new chemIcals. thIS development IS 
extremely expenS1ve for the chemIcal companIes. A more reasonable approach 
1S to use bIologIcal controls, supplemented by spot sprayIng by ground means 
and, fInally, by aerIal sprayIng In later stages of infestat1on. In the long 
run, thIS POlICY prOVIdes for better pest control and elImInates the great 
expense of developIng new chemIcals. For aerIal applIcators, It results 1n 
less erratIC bUSIness, more predIctable aIrcraft needs, and more confIdence 
and success In theIr methods. New pyrethrold Insect1cldes (such as "Belmark" 
marketed by Shell In ColombIa) have been found compatIble with b1ologlcal 
controls Slnce they do not kIll trlchograma, used In bIologIcal control. An 

effective means of control for cotton USIng the technIque descrIbed above 
should reqUIre, at most, 12 aerIal applIcatIons per season--an average of 6-8 

*From conversation WIth Mr. Manual Castro of Dow ChemIcal. 
** From conversat1on WIth Dr. Elklm Bustamante of lCA. 
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appllcatlons of pyrethrolds and 4 appllcatlons of other products. ThlS trend 

lS expected to contlnue lnto the foreseeable future. 

Besides the wldespread aerlal applicatlon of lnsectlcldes (60 percent of 

them on cotton, 25 percent on rlce), airplanes are also used for urea and 
follar fertlllzers. Fertlllzatlon of cotton, however, lS usually done by 

ground equlpment at the beglnnlng of the season. Hellcopters are used almost 
excluslvely for bananas for fungus control. Use of funglcldes ln rlce wlll 

be reduced by future development of reslstant rlce stralns. Present oplnlon 

lS that fertlllzer should not be mlxed wlth other chemicals durlng appllcatlon 
but much research remalns to be done ln thlS area. 

A major constralnt agalnst expanslon of agrlcultural productlon and 
Ylelds lS the lack of lrrlgatlon for crops other than rice. Although the 

cllmate could allow double cropplng and hlgher Ylelds, the necessary lnvest

ment cannot be justlfied at thlS point. So, the future of ag-alr certalnly 
depends on the posslblilty for lrrlgatlon development. The present sltuatlon 

lS one of guarded optlmlsm. In the emerglng agrlculture of the Llanos, for 
example, there has been much cautlon wlth use of pestlcldes ln 1978. A shlft 
toward more lntegrated pest management has occurred with a reductlon to about 

2 or 3 aerlal appllcatlons. At current prlces of cotton, about 5 or 6 aerlal 

appllcatlons are posslble ln order not to exceed the break-even pOlnt for 

proflt, after last year's loss of US $lOOM. Research lnto long-term effects 

(resldue analysls) wlll affect the spraylng of crops, whlch may requlre very 

close monltorlng of the last spray. ThlS makes lt necessary to exerClse 

great care ln spraylng perennlal crops, such as the Afrlcan 011 palm, where 

resldues may accumulate from year to year. 

Another factor affectlng ag-avlatlon has been land reform, WhlCh has 

spread land ownershlp and reduced the average Slze of land holdlngs. Although 

there were good results ln 1961-68, land reform slowed ln the 1970s and was 

less successful. The trend toward smaller holdlngs lS expected to stablllze, 

to the beneflt of the ag-avlatlon lndustry. Use of ag-alr for small holdlngs, 

even on a shared basls, lS unllkely due to lack of cooperatlon among adjacent 

farmers. Because fleld Slze lS such an lmportant determlnant of alrcraft use, 

a quantltatlve analysls of fleld Slze was made for the Colomblan environment, 

and lS descrlbed ln the Appendlx. In dlScusslons wlth government representa

tlves, the oplnlon was expressed that, ln general, applicatlon of lnsectlcldes 

on flelds smaller than 25 ha should be done by ground machlnery, or backpacks. 

In the future, no great change is seen ln the overall structure of the 

lndustry. Chemlcal companles wlll probably contlnue to sell to distrlbutors 
(companles, federatlons, cooperatlves and ln certaln cases, large farmers) 
who mlX the chemlcals. Thls situatlon lS dlfferent from some LDCs, such as 

ln Afrlca, where the governments organlze small, poor farmers and hlre large 
organlzatlons to do appllcatlon, wlth the condltlon that they guarantee a 

mlnlmum Yleld. Slnce lt lS not posslble to malntain sufflclent control over 

agrlcultural lnputs in Colombla, such a practice is not posslble. It lS also 

inconslstent with the government's p011Cy of small-scale, free enterprlse. 

141 



For 1nd1v1dual crops, it 1S expected that the product10n of gra1ns w111 
increase, although the aer1al appl1catlons requ1red will rema1n small unless 
a slgnIf1cant shift to aer1al fertIl1zat10n occurs. Soybeans w111 become 
1ncreaslngly 1mportant, but they are not suscept1ble to exceSS1ve 1nsect 1n
festation. R1ce w111 experience a slow but steady growth w1th contInually 
1ncreas1ng 1rr1gat10n. Sorghum and ma1ze w1ll 1ncrease moderately 1n propor
t10n to populat1on. As land values increase, pasture will become 1ncreas1ngly 
1mportant, w1th a large expans10n on the north coast 1n 5 or 10 years, fol
lowed by the Llanos. There could be a need for fertil1zat10n and seed1ng by 
a1r once th1S development takes place because the Llanos is a vast area 1n 
Wh1Ch large f1elds 1nacceSS1ble to ground equ1pment w1ll predom1nate, as 1n 
the USS~. 

Some 1mprovements 1n a1r appl1catlon technology are necessary. Closed 
systems for m1x1ng of chem1cals are clearly des1rable, as well as some pro
V1S1ons for m1x1ng of chem1cals w1th1n the a1rplane hopper. Most a1rcraft 
have some recycl1ng systems; ones that do not should be so equ1pped. Flow
meters to control volume of appl1cat1on are very useful, partlcularly for 
ULV, and are used 1n Egypt and the Sudan. 

Among the technolog1cal 1mprovements for which need was expressed was 
the requ1rement for more power, even though a larger opposed e1ght-cyl1nder 
eng1ne 1S now be1ng 1nstalled 1n the Plper a1rplanes. Although a turb1ne 
eng1ne would solve th1S need, uncertalnty of ma1ntenance sk1lls 1n Colombla 
and h1gh cost are formldable obstacles. These and other suggest10ns for 
technologlcal 1mprovements are d1scussed further on. 

For the future, therefore, the outlook for ag-a1rcraft w111 be strongly 
Ilnked to the future of cotton product10n. The land reform of the past years 
has spread land ownersh1p and generally reduced the Slze of hold1ngs. Now 
the government 1S plac1ng emphas1s on increasing the product1v1ty of the land 
through 1nputs of technology. Investment 1n 1rrigat1on 1S st111 lack1ng and 
the ut1l1zat1on of the land 1S st111 poor, but gradual 1mprovement should be 
forthcom1ng. 

Aer1al Appl1cat10n for Cotton 

Cotton, the predominant ag-a1r crop, presents an interest1ng case of the 
many factors affect1ng a1rcraft use. Because 1t 1S a valuable export crop, 
much attent10n is glven to control of d1sease and 1nsect 1nfestatlons, whlch 
would greatly reduce Y1elds 1f left unchecked. As ment10ned before, great 
losses suffered by the cotton crop of 1978 had a large impact on the growers 
and aer1al applicators. The Colomb1an ag-a1r industry is, therefore, greatly 
dependent on prospering cotton agriculture, and th1S dependence 1S likely to 
contInue. 

In the Costa (North) reg10n, the cotton grow1ng season beg1ns 1n July 
and August and cont1nues through December or January. In the 1nter1or (Tol1ma, 
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HUlla, Valle, Cundlnamarca, Meta) It begIns In January and ends In August. 
Cotton productIon IS grOWIng partIcularly fast In Meta, the flatlands east of 
the Bogota area. Generally speakIng, cotton fIelds are larger In the coastal 
regIon than In the InterIor and more cotton IS grown there than elsewhere 
about 80 percent of the cotton productIon IS In the North, and about 20 
percent IS In the InterIor. 

Current cotton YIelds are about 1500 kg/ha of seed cotton, or about 1/3 
of that for lInt cotton, compared WIth YIelds of over 3000 kg/ha achIeved In 
South AfrIca and on experImental farms In ColombIa. It IS expected that 
YIelds should reach 2000 kg/ha WIth proper condItIons. New varIetIes WIll 
be reqUIred WhICh WIll adapt to IrrIgatIon, once It IS developed. Pyrethroid 
InsectICIdes now comIng Into use can Increase YIeld as well as substItute for 
organo-phosphates, to WhICh Insects have developed ImmunIty In the last 3 or 
4 years. 

The attack of hellothis of 1977 was controlled by organo-phosphates. 
The crISIS developed when the chemIcal companIes were caught unprepared and 
dId not have the necessary lead-tIme to Import the proper chemIcals for 
control. SInce the companIes cannot keep large InventorIes of the chemIcals 
(valued up to 1000 US $/gallon!), farmers applIed the eXIstIng products In 
exceSSIve amounts. Insects developed an ImmunIty to these chemIcals, and the 
SItuatIon was further aggravated by pressure on the aerIal operators from the 
farmers and poor tImIng of applIcatIons. 

The SItuatIon In 1978 Improved greatly. Hellothis had not appeared 
In nearly the same magnItude as In 1977. Because farmers dId not pull up 
stalks of cotton after last year's harvest due to heavy losses, other Insects 
(plnk boll worm and boll weevll) appeared but were controlled adequately. An 
Important factor In thIS success has been the reductIon of the area planted. 
One reason why cotton area was reduced In 1978 was that the Government and 
the bankers faIled to give credIt to farmers. The result of thIS actIon has 
had a very POSItIve Impact, aSIde from raISIng the prIce of cotton. Farmers 
have been keepIng a closer watch on theIr fIelds, and applIcators have been 
much more careful In thelr spraylng technIques. More judIcious use of chemI
cals, aIded by bIologIcal controls, has Improved the SItuatIon markedly. For 
the aerIal operators, partIcularly those who depend on cotton alone, fInanCIal 
losses unfortunatley contInue due to underutIlization of theIr aIrplanes. 

Cotton productIon IS closely assoclated WIth the growers' organIzatIons. 
UnlIke other crops, cotton growers get credIt for aerIal sprayIng from the 
organIzatIons, whICh also dIstrIbute chemIcals at a dIscounted prIce. The 
largest of these aSSOCIatIons IS the FederaClon Naclonal de Algodoneros, 
whIch Includes the majorIty of cotton growers. It closely monItors US pro
ductIon because of the US Influence In settIng InternatIonal prIce. The 
aSSOCIatIon IS concerned WIth riSIng costs of productIon in ColombIa (Ref. 40). 
If cotton IS not profItable In the future, it would be necessary to SWItch to 
other crops such as soybeans, rIce, and sorghum. The uncertaIntIes of crop 
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product10n and fluctuat1ng world pr1ces make 1t 1mportant to exam1ne the 
relat10nsh1ps among the var1ables wh1ch affect cost. 

To 1llustrate, data prov1ded by the Cotton Growers' Federation are g1ven 
1n Table 21 (Ref. 41). A large var1at10n 1n costs and Y1elds from reg10n to 
reg10n and from year to year 1S apparent. Note that pest control 1S a very 
s1gn1f1cant port1on of the total cost of cotton product1on -- up to 40 
percent. App11cat10n cost 1S a s1gn1f1cant part (23 percent to 39 percent), 
and the rat10 of mater1al cost to applicat10n cost 1S lower than that, shown 
prev10usly 1n Table 18 (3-4 compared to 8-22). However, the app11cat10n 
cost g1ven here 1ncludes both surface and aer1al app11cat10n, even though 60 
percent of app11cat10n 1S done by air. The cost per app11cat10n g1ven 1n 
Table 21 1S h1gher than that pred1cted prevlously, but th1s can be accounted 
for by d1fferences 1n the a1rplanes used and the1r ut1l1zat10n. Also, 1t 1S 
not known exactly what other costs may be 1ncluded 1n the app11cat1on cost 
category (such as a1rport and warehouse construct lon, transportatlon costs, 
etc.). Nevertheless, the costs are useful for the purpose of comparison w1th 
other product10n costs to assess the feas1b1l1ty of 1mprovements. 

Ignor1ng, for the moment, the To11ma data for 1975, the results of the 
1977-78 cr1S1S can be clearly seen 1n Table 21. The number of app11cations 
1ncreased sharply, 1ncreas1ng total pest control costs even though mater1al 
costs stayed relatlvely constant*. Yields, on the other hand, d1d not r1se 
but dropped sharply 1nstead, resultIng 1n great losses to the growers. 
EffIc1ency of app11catlon dropped, as seen by the h1gher cost of app11catIon 
relat1ve to mater1als. It IS Interest1ng to see that, 1n 1975, the same 
strategy of more app11cat10ns was followed 1n To11ma and returned a hIgh 
YIeld and a net prof1t for the growers. The next year, 1976, chem1cal pr1ces 
rose somewhat, and the number of applIcat10ns was reduced, but yield remaIned 
h1gh, result1ng 1n very h1gh prof1ts. 

Although pr1ce and Y1eld contr1bute d1rectly to prof1ts, the 1mportance 
of reduc1ng pest control cost 1S that 1t tends to be a marg1nal cost wh1ch 
affects prof1ts. On the other hand, the cost of pest control must be weighed 
agaInst the l1kely Improvement In Y1eld. Th1S deciSIon 1S made on the bas1s 
of expected pr1ce of the crop each year, which var1es w1dely and results 1n 
w1ldly fluctuat1ng prof1ts. FIgure 74 1llustrates these relat10nsh1ps, where 
the slope of the revenue l1ne 1nd1cates the pr1ce of cotton ($/kg). Prof1t 
(or loss) 1S the d1fference between the cost and revenue lines. The dotted 
l1nes 1nd1cate necessary 1mprovements 1n Y1eld and reductIons 1n cost to 
produce equ1valent 1ncreases 1n prof1t (1nd1cated by the heavy l1nes). 

The equivalent Y1eld increases correspond1ng to a hypothet1cal 10 
percent reduct10n 1n f1xed cost are g1ven 1n Table 21. A more mean1ngful 

*Note that there were s1gn1f1cant reg10nal d1fferences in materials cost per 
app11cat1on. For To11ma, cost per app11cat1on declined s11ghtly, 1nd1cat1ng 
that chem1cal pr1ces d1d not rise. 
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TABLE 21 

COSTS OF 
COTTON PRODUCTION IN COLOMBIA 

(1) 
All costs In US $/ha, unless lndlcated 

1975 1976 1977 1975 
To1lmas To1imas To1Imas Valle del 

Total cost of productlon 
I 

698 ! 709 942 698 
I 

VarIable Cost(2) 
I 

154 I 174 196 147 
I 

Flxed Cost 544 : 535 746 552 
I I 
I 

Cost of pest control 233 I 197 298 I 148 , I 
% of total cost 3370 I 28% 32% ! 21% i I 

Value of materIals 187 149 
I 

I 
I 206 106 

Cost of applIcatIon : I , 
44 , 41 77 , 39 

Ratlo of mat cost/app cos t l 4 25 , 
3.63 I 2.68 2.72 I 

I I 

Other I 2 6 , 15 I 2 costs I 

---------t-
, 

>--- ---- ---

I 1850 

i 

Yleld, kg/ha 1850 1200 1750 I 

ApplIcatIon data 1 , 
No of appllcatIons 18 12 19 I 13 
Cost per app1Icatlon 2 42 3 43 4 05 i 3 03 

, I -. ------- - - ---;--------
! HaterIal data I 

I 

i I I ! I 
Cost per appllcatlon 10 39 12.42 I 10 84 I 8 15 

-1------:. 
ProfIts I I 

I 
I 

I ! ! Prlce paid, $/kg o 41 ! o 65 o 55 I o 50 
762 1199 I 660 

, 
872 Revenue I I 

Prohl +65 I +490 -282 
, 

+174 
I , I 

i I 

Equlvalent Yle1d Incr. corres, to 9% 5% 

I 
16% I 8% 

I I 10% reductIon In flxed cost I I I 

I I 
I 

Equlva1ent fIxed cost reductIon corr: 11% 19% 6% 

I 
13% 

to 10% Increase In YIeld 

1977-78 
Cauca Costa-Meta 

I 
1117 

191 

925 

439 
39% 

283 

111 
2.55 

45 

: 
: 850 
i 
I 

I 
i 
I 21. 5 
I 5 15 
I 
t 

I 
I 
I 13.16 
i 

I o 61 
515 

-593 

28% 
I 

4% 

(1) AssumIng the follOWIng apprOXImate exchange rates for Co1omblan pesos to US dollars 
1975 - 33 
1976 - 35 
1977 - 37 

(2) Such as transportation, storage, etc 

145 



$!HA 

T 
f
U) 

o 
u 
c 
w 
X 

FIG 74 

COST AND REVENUE RELATIONSHIPS 

REVENUE 

COST 

: _---J ..J - -- - - REDUCED 
I COST 
I 
I 

I 
I 

I I 
I H INCREASED 

I I YIELD 

I I 
I I 

I 

YIELD (KG/HAl 

79-01-274-7 

146 



lnterpretatlon lS to look at the equlvalent cost reductlon correspondlng to 
a 10 percent lncrease ln yield. That is, lf yield can be lncreased by 10 
percent through better aerlal and/or chemlcal technology, the percent of 
flxed productlon cost ln the last llne of Table 21 can be saved. ThlS lS 
also equlvalent to the maXlmum allowable lncrease ln production cost lf lt 
results ln a 10 percent lncrease ln Yleld. If costs lncurred to achleve 
these lncreased Ylelds can be kept below these amounts, addltlonal proflts 
can be reallzed. 

The actual lmprovement ln Yleld WhlCh may be posslble due to lmproved 
aerlal appllcatlon technology lS dlfflcult to quantlfy at thlS pOlnt. Only a 
crude sensltlvlty analysls can be made, keeplng ln mlnd that the appllcatlon 
costs ln Table 21 lnclude surface as well as aerlal applicatlons. The fol
lowlng table showb the maXlmum allowable percentage of appllcatlon cost 
lncrease for three lmprovements ln Yleld, assumlng the lIDprovements ln Yleld 
are a dlrect result of better, but hlgher-cost technology: 

ALLOWABLE PERCENT INCREASE IN APPLICATION COST 

1975 
Increase 1975 1976 1977 Valle del 1977-1978 
ln Yleld Tollma Tollma Tollma Cauca Costa-Meta 

1% 14 25 6 18 3 

5% 68 124 29 92 17 

10% 136 248 58 184 33 

It lS clear that conslderable lncreases ln appllcatlon costs are accept
able ln return for relatlvely small lmprovements ln Yleld, partlcularly when 
proflts are hlgh. Slnce the lnltlal cost of the alrcraft is only a small 
part of the operatlng cost (about 9% ln Colombla), an even larger lncrease ln 
the cost of the alrplane lS justlflable lf lt can be demonstrated that the 
alrplane wlll lncrease Ylelds. It lS more llkely that Yleld lncreases would 
result from a comblnatlon of lmproved ag-alrcraft, better chemlcals, and more 
effectlve appllcatlon technlques. Nonetheless, the leverage of such lncreases 
would be great. Thus, technologlcal lmprovements may produce a very hlgh 
return on lnvestment. It lS ObV10US that quantlflcatlon of the attalnable 
lmprovements ln yield resultlng from lmproved appllcatlon technology and the 
assoclated costs lS an lmportant area of research. These costs may be higher 
or lower than eXlstlng technology, dependlng on the alrplanes and the nature 
of the operatlons. It has been shown that an lncrease ln cost for current 
operatlons may show net beneflts lf the technology lmproves Ylelds. Further 
beneflts may accrue lf cost savlngs can result for other types of aerlal 
appllcatlons, such as hlgh-volume fertlllzlng. The next sectlon examlnes 
these trade-offs for eXlstlng and future alrplanes as they apply to Colombla. 
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Analys~s of Ag-A~rcraft for Cotton and R~ce 

Th~s sect~on conta~ns, for the spec~f~c case of Colomb~a, a compar~son 
of the cand~date a~rcraft ~ntroduced earl~er. The same assumpt~ons were made 

regard~ng a~rcraft costs, ut~l~zat~on, and the method of operat~on. Because 
cotton and r~ce const~tute the maJor~ty of aer~al applicat~on work, the 
analys~s was done for both of these crops. Based on the land d~str~but~on 

analys~s for Colomb~a ~n the Append~xL an average f~eld s~ze of 40 ha was 
assumed for r~ce and 65 ha for cotton

n

• 

Cost of appl~cat~on ($/ha) for rlce ~s shown as a funct~on of appl~cat~on 
rate ~n F~g. 75. The range of appl~cat~on rates for var~ous appl~cat~ons on 

r~ce are shown, based on US exper~ence (Ref. 10). Typ~cal appl~cat~on rates 

used ~n the general operat~ons analys~s are ind~cated by the dotted l~nes. 
About half of the appl~cat~ons made on r~ce are ~n the low-volume range for 
wh~ch the Pawnee ~s the most appropr~ate of the ex~st~ng a~rcraft. However, 

for h~gh-volume appl~cat~ons character~st~c of herb~c~des, fert~lizers and 

seeds, the small a~rcraft ~s uneconomical. At the h~ghest appl~cat~on rates, 
a large current-technology a~rplane l~ke the Turbo Thrush offers cons~derable 
sav~ngs over the Pawnee and AgWagon, wh~ch are offset by only a small ~ncrease 

~n cost for low-volume work. The Improved AgWagon appears to be an even 
better cho~ce, but the Lockheed AGB-7-TBI design (Ref. 32) ~s too large to 

compete in the low-volume case. 

The compar~son above assumes that the a~rplane loading ~s done at the 
edge of the fleld be~ng sprayed. Depend~ng on the size of the farm, f~elds 

may be located a cons~derable d~stance away from the load~ng po~nt. If 

load~ng ~s done at the appl~cator's base, the ferry d~stance ~s determ~ned by 

the operator's rad~us of operat~ons. To ~llustrate the effects of longer 
ferry d~stance, wh~ch ~s more approprlate ~n LDCs than in the US because of 

the d~fferences ~n access~b~l~ty, ~t was assumed that load~ng ~s done 10 krn 

away from the f~eld. Although 10 km ~s probably much longer than a typ~cal 

ferry~ng dlstance, ~n Colomb~a, ~t ~s not an unreasonable d~stance from wh~ch 
to operate. Results ~n F~g. 76 show that, for h~gher appl~cat~on rates, 

costs increase very rap~dly for small a~rplanes l~ke the Pawnee because of 

~ts very small payload. The Lockheed des~gn shows a clear super~or~ty at 
h~gh applicat~on rates as payload becomes the dom~nant factor. It ~s ObVl0US 

that for future expans~on of fert~l~zer work, ~t w~ll be extremely ~mportant 
to locate load~ng po~nts adjacent to the f~elds. If th~s ~s not poss~ble, 

then a larger airplane ~s the appropriate cho~ce because it offers sign~f~cant 
advantages over ex~sting models. 

S~m~lar curves were obta~ned for cotton, as shown ~n F~gs. 77 and 78. 
Appl~cat~on rates for cotton are lower than for rice because of the frequent 

* Note that, in the case study, ~t was poss~ble to obtain d~fferent field s~ze 
est~mates for each crop, whereas for the world reg~ons th~s level of deta~l 

was beyond the scope of the study. 
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insect1c1de appl1cat1ons. Slnce smaller a1rplanes show a super1or1ty for 

1nsect1c1de work, the1r use 1S 1nd1cated, although the Improved AgWagon, a 

med1um-s1ze a1rplane, 1S the best ch01ce because of performance advantages 

ga1ned at a relat1vely small 1ncrease 1n cost. The effect of 1ncreased 

ferrY1ng is not as pronounced at these low appl1cation rates, but the Turbo 

Thrush st111 manages to emerge as a good compet1tor 1n F1g. 7ti. 

In summary, 1t can be seen that changes 1n the a1rplane fleet and method 

of operat1on w1II be necessary 1f large-scale fert1l1zat1on 1S to be done by 

a1r. For most of current appl1cat1ons, a1rplanes such as the P1per Pawnee 
are sat1sfactory. The 1mproved verS10n of the AgWagon appears to be a good 
alternat1ve to current a1rplanes, but a very large future a1rplane would not 
show any advantages for the maJor1ty of the aer1al appl1cat1on work done 1n 
Colomb1a, even for the high ut1l1zat1on (600 hr/yr) assumed 1n these calcu

lat1ons. 
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AG-AIRPLANE TECHNOLOGY 

It was shown earlier in th1S report that US ag-a1rcraft are prevalent 
throughout the free world fleet and that export sh1pments cont1nue to be an 

lmportant part of the US manufacturers' sales. Therefore, 1t is clear that 

the US manufacturers have responded to the needs of the world market by 

produc1ng a1rplanes that are compet1t1ve, 1n both the1r performance and the1r 

cost character1stics, w1th a1rcraft of fore1gn manufacture, and that they 

cover an approprlate range of Slzes. The quest10n of Slze has been adequately 
covered 1n prev10us sect1ons, larger a1rcraft w1ll be requ1red 1n the future, 

but not 1n every reglonal market. Slnce the quest10n of technology content 

has not been addressed thus far, the purpose of th1S section lS to prov1de 

some gU1dance concern1ng the technology emphas1s pert1nent to fore1gn enV1ron

ments. In part1cular, the spec1al needs of a tYP1cal LDC will be descr1bed 

as it compares with the developed-country enV1ronment. The sect10n lS 

d1vlded 1nto two parts, the f1rst concern1ng quant1tative compar1sons 

of technology 1mprovements, and the second concern1ng some spec1f1c 1tems 

Wh1Ch emerged from the Colomblan case study. 

Develop1ng Country Requ1rements 

There are several areas 1n Wh1Ch technolog1cal 1mprovements m1ght be 

made 1n ag-alrplanes. The llSt Wh1Ch follows enumerates the pr1mary parame

ters for Wh1Ch 1mprovements could be ach1eved by 1mplementat10n of advanced 

technology, categor1zes them accord1ng to pr1~ary technology areas, and 

indicates the performance 1mpact each lmprovement would cause. The 1mpacts 

relate d1rectly to the productiv1ty equation presented In the operatlons 
analys1s. 

Pr1mary Technology Area Parameter Impact 

Aerodynarn1cs L1ft/Drag Payload 

Stall Speed Turn T1me 

F1eld Speed F1eld T1me 
Ferry Speed Load T1me 

Structure Empty We1ght Payload 
Load Factor Turn T1~e 

Operat10ns Swath W1dth F1eld Time 
Appl1cation Rate F1eld and 

T1mes 

Load1ng Rate Load T1me 

Propuls10n Fuel Consumpt10n Payload 

Eng1ne Power/We1ght Payload 

In addition to the above, other 1mprovements m1ght be 1ncluded under 

each of the prlmary technology areas. 
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Aerodynam~cs: Handl~ng qualit~es 

Operations: Mater~als d~str~bution; Guidance; Ma~ntenance 
and Rel1ab111ty 

Propuls~on: No~se, Em~ss~ons 

These latter ~mprovements are more d~ff1cult to evaluate quant~tat~vely than 
those ~n the f~rst group. Handl~ng qual~t~es are probably more ~mportant ~n 

the LDC case because of a somewhat lower p~lot skill level. Ma~ntenance and 

rel~ab~l~ty problems are also l~kely to affect the LDC operator more than the 

developed-country operator because of the relat~ve ava~lab~l~ty of techn~cal 

sk~lls and spare parts ~n developed countr~es. Un~form~ty of mater~als 
d~str~but~on ~s clearly an ~mportant technology area because 1t affects the 
eff~c~ency of d~spersed mater~als. As shown earl~er, a small percentage 

reduct~on ~n mater~al requ1red 1n an aer~al appl~cat~on ~s equivalent to a 

much larger decrease ~n a~rcraft-related costs. Improved gu~dance should be 

espec~ally ~mportant because 1t prom~ses the achievement of more even d~str~
but~on of mater~als w~th m~n~mum overlap between swaths. The result~ng sav~ng 
1n mater1als should eas1ly offset the requ1red ~nstallat1on cost. N01se and 

em~ss~ons are not yet ~Mportant in ag-air ~n most parts of the US, and are 
undoubtedly less 1mportant ~n LDCs than 1n developed countr~es. 

A quant~tat~ve analys~s of the parameters ~n the f~rst l~st was performed 
for cases wh~ch represent uses ~n develop~ng and developed countr~es. Two 

a~rplanes were cons~dered -- the AgWagon and the Turbo Thrush -- and calcula

t~ons were made for typ~cal f~eld s~zes of 50 ha for LDCs and 150 ha for 
developed countr~es. A range of applicat~on rates (15, 75 and 200 kg/ha) was 
also cons~aered ~n the compar~son. The results are presented ~n Table 22 ~n 

the form of sens~t~v~t~es of appl~cat~on cost (excluding materials) for small 

changes ~n each parameter. For example, a 10 percent ~ncrease ~n l~ft/drag 

reduces cost by 31.9 percent at an appl~cat~on rate of 15 kg/ha ~n develop~ng 

countr1es. The sensit1v1t~es are based on the operat1ng cost and product1v1ty 

equat~ons presented earl~er. PartIal derIvatIves were taken with respect to 
each parameter to determ1ne the effect on appl~cat~on cost. 

A rank~ng of these results can be obta~ned by cons~der~ng the relat~ve 
occurrence of each appl~cat~on rate ~n Table 22. Because the percentage of 

~nsect~c~des appl~ed at ULV rates ~s unknown, the analysis was performed ~n 

two parts, f1rst w~th ~nsect~c~des at normal rates and then for ULV spraying. 

In the f~rst case, using 15 kg/ha to represent insect~c~des and fung~c~des, 

75 kg/ha to represent herb~c~des, defol~ants and dess~cants, and 200 kg/ha to 
represent fertil~zers and seeds, the current breakdown was calculated as 
follows: 

Insect./Fung. 
Herb./Def./Dess. 

Fert./Seed 

Develop~ng Countr~es 

53% 
26% 
21% 
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55% 
30% 
15% 



AIrplane 

AgWagon 

Turbo 
Thrush 

TABLE 22 

TECHNOLOGY SENSITIVITIES 

Percent Change In ApplIcatIon Cost for 
10% Increase In Parameter 

App1. Rate, kg/ha 4 
Parameter --

Llft/Drag -31.9 
Stall Speed 69.2 
FIeld Speed -25.6 
Ferry Speed -0.1 
Empty '''eIght 0.4 
Load Factor -67.1 
Swath Width -82.8 
Apphcation Rate 0.5 
Load Ing Rate -0.1 
Fuel ConsumptIon 0 
EngIne Power/WeIght -0.1 

LIft/Drag -28.5 
Stall Speed 61.0 
FIeld Speed -35.2 
Ferry Speed 0 
Empty Weight 0.1 
Load Factor -58.2 
Swath WIdth -82.1 
ApplIcatIon Rate 0.2 
LoadIng Rate -0.1 
Fuel ConsumptIon 0 
EngIne Power/WeIght 0 

DevelopIng CountrIes 
FIeld SIze = 50 ha 

15 75 200 

-31.9 -31.9 -31.9 
62.5 39.7 15.2 

-23.1 -14.7 -5.6 
-5.9 -9.3 -17.0 

5.1 82.4 149.6 
-1.9 -30.3 -55.2 

-74.8 -47.5 -18.2 
5.8 91.6 166.5 

-1.6 -25.0 -45.6 
0.4 6.4 11. 7 

-1.2 -18.9 -34.4 

-28.5 -28.5 -28.5 
58.4 46.1 20.5 

-33.7 -26.6 -15.2 
-0.1 -2.6 -7.1 

1.7 34.6 93.8 
-55.7 -43.9 -19.7 
-87.3 -68.8 -39.3 

3.0 59.1 159.9 
-1.0 -19.6 -53.0 
0.9 4.0 10.7 

-0.2 -3.3 -8.9 
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4 

-31.9 
56.1 

-35.9 
-0.3 

2.1 
-54.4 
-82.3 

2.3 
-0.5 
0.2 

-0.5 

-28.5 
47.5 

-42.7 
0 

0.6 
-45.3 
-82.0 

1.0 
-0.3 
0.1 

-0.1 

Developed CountrIes 
FIeld SIze = 150 ha 

15 75 200 

-31.9 -31.9 -31.9 
48.9 12.0 3.0 

-31.2 -7.7 -1.9 
-50.6 -310.5 -370.8 

25.3 154.8 184.9 
-7.8 -47.6 -56.8 

-71.6 -17.6 -4.4 
28.1 172.2 205.6 
-6.4 -39.3 -46.8 

2.0 7.8 14.4 
-5.8 -35.5 -42.4 

-28.5 -28.5 -28.5 
44.8 18.9 4.8 

-44.8 -18.9 -6.1 
-0.9 -9.7 -14.9 

7.6 80.3 123.2 
-42.7 -18.0 -4.6 
-85.9 -36.2 -11. 7 

13 .0 136.9 209.9 
-4.0 41.7 -64.0 
0.9 9.2 14.1 

-0.7 -7.6 -11. 7 

..., 

-.:0-
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Apply~ng these percentages condenses the data ~n Table 22 cons~derably, as 
shown ~n the upper part of Table 23. A further condensat~on lS poss1ble by 
averag~ng the results for the two a~rplanes. The rank~ng of technolog~es 
wh~ch then emerges ~s g~ven below, where the h~ghest rank~ng ~nd~cates the 
most favorable cost ~mpact for a spec1f~ed percentage change in the parameter. 

Develop~ng Countr~es 

(relat~vely small f~elds) 

Swath W~dth 
Appl~cat~on Rate 
Stall Speed 
Empty We~ght 
Load Factor 
L~ft/Drag 

Developed Countr~es 
(relat~vely large f~elds) 

Ferry Speed 
Appl~cat~on Rate 
Empty We~ght 
Swath W~dth 
Stall Speed 
L1ft/Drag 

These results show that the develop~ng-country env~ronment, with ~ts 

smaller f~eld s~ze, emphas~zes performance that m~n~m~zes time spent ~n 

turns. Therefore a w~der swath, comb~ned w~th reduced stall speed and 
~ncreased load factor to decrease turn~ng t1me, are lmportant ~mprovements. 

The effect of appl~cat~on rate ~s lmportant ~n both env~ronments, because 
~t ~mpacts both f~eld t~me and turn t~me. Reduced empty we~ght translates 
d~rectly ~nto h~gher payload ~n th~s analys~s, thereby reduc~ng the need for 
ferrY1ng. At the larger f~elds character~st~c of a developed-country env~ron
ment, ferry~ng becomes a more ~mportant factor. Hence, h~gher ferry speed 
and lower empty we1ght are the h1gh-ranked 1mprovements, with swath wldth and 
stall speed havlng lesser lmPdCts, although st~ll 1mportant. In summary, the 
technology 1mprovements wh~ch produce the greatest ~mpacts 1n the develop~ng
couetry enV1ronment are generally the same ones whlCh would be benef~c~al ~n 

developed countr~es, w~th some reorder~ng because of the effect of fleld 
s~ze. 

Us~ng the ULV data (4 kg/ha) ~n place of the normal ~nsect~c~de/fung~c1de 
data (15 kg/ha) from Table 22, the above process was repeated, result~ng ~n 
the f~gures ~n the lower part of Table 23, and the follow~ng ranklng. 

Develop~ng Countr~es 

(relat~vely small f~elds) 

Swath W1dth 
Appllcatlon Rate 
Stall Speed 
Load Factor 
Empty We~ght 
L~ ft/Drag 

Developed Countr~es 
(relat~vely large f~elds) 

Ferry Speed 
App11cation Rate 
Empty We~ght 
Swath W~dth 
Stall Speed 
Load/Factor 

Compar~ng th~s summary w~th the one shown above for the h~gher application 
rate, ~t ~s apparent that only m~nor changes ~n ranking d~fferent1ate the two 
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TABLE 23 

TECHNOLOGY SENSITIVITIES 

Percent Change 1n App11cat10n Cost for 10% Increase 1n Parameter 

Insect1c1des/Fung1c1des at 15 Kg/ha 

AgWagon Turbo Thrush 
----------------------- ------------------------
Develop1ng Developed Develop1ng Developed 

Parameter Countr1es Countr1es Countr1es Countr1es 

L1ft/Drag -31.9 -31.9 -28.5 -28.5 
Stall Speed 46.6 30.8 47.2 31.0 
F1eld Speed -17.2 -19.8 -28.0 -31.2 
Ferry Speed -6.3 -176.6 -2.2 -5.6 
Empty We1ght 55.5 88.1 29.6 46.8 
Load Factor -38.7 -30.3 -45.1 -29.6 
Swath W1dth -55.8 -45.3 -72 .4 -59.9 
App11cat10n Rate 61.9 98.0 50.5 79.7 
Load1ng Rate -16.9 -22.4 -16.8 -24.3 
Fuel Consumpt10n 4.3 6.9 3.8 5.4 
Eng1ne Power/We1ght -12.8 -20.2 -2.8 -5.1 

Insectlc1des/Fung1c1des at 4 Kg/ha (ULV) 

AgWagon Turbo Thrush 
----------------------- ------------------------
Develop1ng Developed Develop1ng Developed 

Parameter Countr1es Countr1es Countr1es Countr1es 

L1ft/Drag -31.9 -31.9 -28.5 -28.5 
Stall Speed 50.2 34.9 48.6 32.5 
F1eld Speed -18.6 -22.4 -28.8 -30.1 
Ferry Speed -6.0 -148.9 -2.2 -5.1 
Empty We1ght 53.1 75.3 28.8 42.9 
Load Factor -48.8 -33.9 -46.4 -31.0 
Swath W1dth -60.1 -51.2 -69.7 -57.7 
App11cat10n Rate 59.0 83.8 49.1 73.1 
Load1ng Rate -16.1 -19.1 -16.3 -22.3 
Fuel Consumpt1on 4.1 5.9 3.3 4.9 
Eng1ne Power/We1ght -12.2 -17.3 -2.7 -4.1 
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cases. The fact that app11cat10n rate 1S an 1mportant parameter 1n both 
cases show& the cost reductIon potentIal of gOIng to low applIcatIon rates. 
S1nce ULV offers a s1gn1f1cant reductlon 1n the dom1nant app11cat10n category 
(1nsect1c1de), 1tS 1mplementat10n on a w1de scale would have a benef1cial 
cost 1mpact on ag-a1r operat10ns. Therefore, research d1rected toward prov-
1ng the pract1ca11ty of applY1ng 1nsect1c1des at ULV rates, wh1le ma1nta1n1ng 
env1ronmental standards, should be an important element of the NASA program. 

The effect of an expanS10n of ULV spray1ng would have the effect of 
de-emphas1z1ng large a1rcraft requ1rements, wh1ch would be 1n d1rect OPPOS1-
t10n to trends descrlbed ear11er. However, whereas low-volume app11cat10ns 
would be best accommodated by small-s1ze a1rplanes, there would be no appre
c1able effect on fleet requ1rements 1f ULV rates were to be adopted for 
Insect1c1de spray1ng. The reason fleet requ1rements would not change 1S that 
reduc1ng the app11catlon rate from 15 to 4 kg/ha has very little 1mpact on 
a1rcraft productlv1ty (ha/hr), as p01nted out ear11er. Therefore, with the 
same amount of area to be treated, the number of a1rplanes requ1red would 
decrease only s11ghtly. 

Case Study 

An 1nterv1ew w1th one of the most knowledgeable Colomb1an operators * 
revealed some 1nterest1ng comments concern1ng perce1ved technology needs. 
These comments do not represent an exhaust1ve survey, even for Colomb1a, and 
1n some respects they dup11cate technology pr10rlt1es 1n the US, as advanced 
1n Ref. 42, for example. Also, they may be too spec1f1c with respect to the 
partlcular aIrcraft models be1ng ut1lIzed by thIS operator. Nevertheless, 
the comments are useful because they prov1de some lns1ght 1nto the percep
t10ns of a develop1ng-country operator. The techn1cal 1mprovements l1sted 
below are d1v1ded 1nto three general groups, but the order1ng does not 
reflect any pr10r1t1zat1on of the 1nd1v1dual 1tems. 

Category 

Emergency Features 

General Safety Features 

Des1gn 

Suggested Improvement 

Collaps1ble Gear 
Rap1d Fuel Dump 
Master K1ll SW1tch 

Relocate Fuel Tanks 
Slack Fuel Lines 
D1splay of Measured Torque 

D1splay of Hopper Contents 
Improved Eng1ne Coo11ng 

*Mr. W1ll1am R. Grieb11ng, owner of San1dad Vegetal Ltda. 1n Ibagu~, Colombia. 
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Des1gn (cont'd) H1gher Ta1lplane 
Noncorros1ve Mater1als 
Improved Control L1nkages 
New Spray Method 

The emergency features reflect a concern both for the safety of the 
p1lot 1n a power-loss emergency sltuat1on, and to perm1t a controlled crash 
1n Wh1Ch damage to the a1rplane 1S m1n1m1zed. Thus, the improvements 1nvolve 
both the 1mpact of the a1rcraft w1th the ground, and the potent1al for f1re 
subsequent to the 1mpact. The collaps1ble gear and rap1d fuel dump features 

* of the Ag Cat were ment10ned as des1gn pract1ce Wh1Ch should be un1versal . 
The master k111 sW1tch referred to m1ght perform several funct10ns slmultane
ously 1n a sltuat10n where the t1me ava1lable to the p1lot 1S severely Ilm1-
ted. Among these m1ght be deact1vat1on of all electr1cal accessor1es to 
prevent spark-1gn1ted f1res, jett1son1ng of fuel and/or payload to 1ncrease 
gllde t1me, and open1ng of the canopy to perm1t rap1d escape. 

The second group 1ncludes general safety features, although these would 
also be useful 1n a power-loss emergency. Relocat1on of the fuel tanks means 
mak1ng them more remote from the eng1ne; the possib1l1ty of breakaway tanks 
was ment1oned. Slack 1n the fuel 11nes beh1nd the f1rewall would make them 
less llkely to break on Impact and thereby reduce the potential for f1re. As 
an a1d to the p1lot 1n mak1ng a go/no-go decis10n on take-off, stra1n gauges 
m1ght be mounted to measure eng1ne torque, w1th an appropr1ate d1splay to the 
p1lot. Slm1larly, under the deslgn category, a stra1n gauge on the hopper 
would measure the actual load belng carr1ed. In the develop1ng-country en
vlronment, poor qual1ty control on materlals may lntroduce a slgnlflcant 
error 1f the load lS calculated from the lndlcated we1ght of bagged mater1als. 
A measur1ng dev1ce on the a1rplane would preclude overload1ng. 

Improved eng1ne cool1ng was clted as a means of conserv1ng power. The 
deslrabll1ty of ra1s1ng the ta1lplane was prompted by the frequency of ta11-
plane damage from debr1s. Th1S comment 1S probably also a reflectlon of the 
poor qual1ty of runways from whlCh developlng-country operators may have to 
operate. More extens1ve use of noncorrOS1ve mater1als lS self-explanatory ln 
Vlew of the corrOSlve nature of chemlcal sprays and granular mater1als. 
D1fflculty in obtalnlng spare parts and a shortage of repa1r Skllis would be 
addltlonal reasons to replace metall1c parts wh1ch are subject to corrOS1on. 
Improved control 11nkage materlals were ment10ned 1n th1S same connect lon, 
corrOS1on of llnkages hav1ng been a cont1nu1ng problem. The possib1l1ty of 
fly-by-w1re controls was suggested, provld1ng the electrical parts could be 
kept free of dust. 

The last ltem on the IlSt refers to a conv1ct1on that "nozzles are not 
the answer" to the need for a rel1able system of un1form spray1ng. Nozzle 

* Note that the Ag Cat 1S not ava1lable to Colomb1an operators without 
1mpos1tlon of a rather h1gh duty. 
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wear and plugg~ng are severe problems, perhaps accentuated by poor qual~ty 
control of mater~als. The poor d~stributl0n and added expense of operatIng 
w~th ineff~c~ent nozzles prompted thlS operator to suggest that an alterna
tlve to nozzles be sought, although he was unable to be spec~f~c about the 
nature of such an alternative. 

FInally, some spec~f~c problems of developlng countrles should be men
tloned as they affect future technology needs. The relat~vely poor ~nfra
structure of develop~ng countr~es, ~n both the phys~cal and technolog~cal 
sense, presents problems not usually encountered ln developed countr~es. For 
example, the poor quallty control ~n d~spers~ble mater~als creates spec~al 
problems for the operator. He may be ~n doubt about the we~ght and dllut~on 
of the product, thereby ~ntroduclng appllcat~on errors over wh~ch he has no 
control. Poor results may then be ascrlbed to h~s technlque, w~th subsequent 
loss of bus~ness. Lack of avallable runways may Impose unduly long ferry 
requ~rements. The alternatlve of establ~shlng good local runways lS open 
only lf the operator can bear the expense. The fact that governments do not 
yet recogn~ze ag-alr as an lndustry deservlng of preferentlal treatment means 
that large cap~tal outlays are dlff~cult to Justlfy. This P011Cy may have a 
partlcularly detrlmental effect on the lntroduct~on of turbIne-powered ag
a~rplanes because of thelr h~gh cost. Even ~f an operator were conv~nced of 
the need for an aIrplane w~th the product~vlty potentIal of turbIne power, 
the blg capItal outlay would be a severe ImpedIment, part~cularly If It we~e 
complIcated by a payment-In-advance reqUIrement In US dollars. 

Another problem whIch could lImIt the adaptatIon of new technology ~n 
developIng countrIes IS the cont~nued trend toward domestIC manufacture of 
US aIrcraft under l~cense. Government programs to foster development of 
domestIC aIrcraft industr~es w~ll attempt to ~ntegrate more and more of 
the prImary manufactur~ng steps. LImItatIons on ava~lable technIcal skIlls 
could preclude lntegration of complex manufacturlng processes or use of 
exot~c mater~als. Therefore, lf technology ~mprovements lncorporate such 
compl~cat~ons their acceptance by develop~ng countr~es may be JeopardIzed. 
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CONCLUSIONS 

World Market Study 

1. The US general av~at~on manufacturers w~ll cont~nue to supply most of 
the agr~cultural a~rcraft requ~red ~n free-world markets. Poland could 
emerge as a compet~tor, and many develop~ng countr~es w~ll attempt to 
protect nascent a~rcraft manufactur~ng ~ndustr~es by ~mpos~ng h~gh tarr~fs 
on ~mports from the US. For th~s reason, a cont~nuat~on of the present 
trend toward l~cens~ng of foreIgn f~rms to assemble US models can be expected 
Moreover, ~ncreased ~ntegrat~on of basIc manufactur~ng processes ~nto the 
domest~c programs w~ll be requ~red by develop~ng countr~es to foster growth 
of local av~at~on manufactur~ng ~ndustr~es. 

2. The US domestIc market wIll cont~nue to be the major rec~pIent of US 
aIrcraft, but foreIgn markets w~ll grow ~n relat~ve importance dur~ng the 
forecast perIod. The predIcted growth of the US and world fleets are shown 
~n FIgS. 79 and 80. Among the fore~gn markets, Lat~n Amer~ca ~s the largest 
regIonal market for US ag-a~rcraft export sh~pments, and w~ll rema~n the 
largest desp~te h~gher growth rates ~n the developed-country and As~an 
markets. 

3. The world ag-alr ~ndustry wIll exper~ence contInued expanSIon In treated 
area at about a 4.5%/year growth rate. The North Amer~can market w~ll grow 
at more than 5%/year, the other free-world markets at Just under 4%/year, and 
the communIst group at Just over 4%/year. The US w~ll be the fastest-grow~ng 
market, overtak~ng the USSR ~n treated area before the end of the century. 
AIrcraft fleets w~ll grow more slowly because of IncreaSIng productlv~t~es 
and because the future fleets wIll have h~gher percentages of large a~rcraft. 

4. F~eld s~ze ~s an ~mportant determ~nant of ag-a~r act~v~ty. Therefore 
ag-aIrcraft fleets are most numerous ~n regIons where the percentage of large 
f~elds ~s hIgh. In the development of the forecast methodology ~t was deter
m~ned that the percentage of cropland area ~n hold~ngs larger than 100 
hectares ~s a good crIterIon to explaIn the present world ag-aIr market. 

Econom~cs and Technology 

1. S~nce the cost of aer~al appl~cat~on ~s typ~cally h~gher than for ground 
eqUIpment, the cho~ce of aer~al appl~catlon ~s made because of other factors, 
such as terra~n, so~l compact~on, and proper t~m~ng. The growth of ag-a~r ~s 

a dIrect result of ~ncreased awareness by farmers that these factors 
economIC s~gn~flcance whIch goes beyond the cost of the applIcation. 
tlon ~s therefore an ~mportant aspect of ag-air growth, part~cularly 
developIng world where technIcal knowledge IS lack~ng. 
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2. The cost of d~spers~ble mater~als (insect~cide, herb~c~de, fert~l~zer, 

etc.) ~s generally much h~gher than the cost of application when both are 
expressed on a cost per un~t area bas~s. Therefore, operat~ng cost d~ffer
ences among a~rcraft may be less important than often assumed. For example, 
a 5 percent reduct~on ~n the cost of typ~cal mater~als would justify a 50 
percent ~ncrease in a~rcraft-related costs. Consequently, introduction of 
advanced technology can be cost-effect~ve ~f economies in mater~al use can 
be demonstrated through more un~form or more prec~se spray~ng. For th~s 

reason, d~str~but~on systems and gu~dance are technology areas wh~ch should 
be stressed. However, the cost trade-off between ~mplementat~on of a spec~
f~c technology and real~zat~on of y~eld ~mprovements and mater~al cost 
sav~ngs should be establ~shed. 

3. A rank~ng of worthwh~le technolog~cal ~mprovements to a~rcraft d~ffers 
sl~ghtly between develop~ng and developed countr~es. In terms of decreas~ng 
payoff for equal percentage ~mprovements ~n each of the follow~ng parameters, 

the rank1ng ~s as follows: 

Develop~ng Countr~es 

Swath W1dth 
Appl1cat1on Rate 
Stall Speed 
Empty We1ght 

Load Factor 
L~ft/Drag 

Developed Countr~es 

Ferry Speed 
Appl1cat1on Rate 
Empty We~ght 
Swath W~dth 

Stall Speed 
L1ft/Drag 

Th~s rank1ng does not change s~gn1f1cantly if ULV rates are used 1n place of 
normal ~nsect~c~de appl~cat~on rates. The dr~v~ng factor for develop~ng 
countr~es ~s small f~eld s~ze, wh~ch emphas1zes turn~ng performance and 

large swath w~dth to m1n~m1ze the turns requ1red. For the larger f1elds 
character1st1c of a developed country, ~ncreased payload and reduced ferry 

t1me have greatest payoff w~th, aga~n, increased swath w1dth to ~mprove 
f1eld coverage. For the larger a1rcraft Wh1Ch may be requ1red, gas turb1ne 
propuls~on would serve to reduce empty we~ght w~th a correspond1ng ~ncrease 
~n payload. Appl1cat~on rate ~s a h1ghly ranked parameter for both develop

~ng and developed country cond~tions. Slnce the pr~mary opportunity for 
reduct10n ~n appl~cat1on rate ~s by ULV spraying of 1nsect1cides, research 

to make ULV pract1cal and env1ronmentally acceptable should be an ~mportant 
element of the NASA program. 

4. The relat1onsh~p between the grower and the appl~cator has a d~rect 
bear~ng on the adopt1on of technolog~cal ~mprovements. If the appl1cator 
purchases the chem~cals he w~ll be ~ncl~ned to seek good d~str~but~on and 
ach~eve a m~n1mum waste. If the grower purchases the mater~als, the appl~
cator w~ll be less careful in h~s application. The latter s~tuat~on now 

ex~sts ~n Colomb~a. 
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5. At low app11cat1on rates, the cost of uS1ng small a1rcraft 1S less than 
that of large aircraft. However, wh1le the relat1ve d1fference between small 
and large a1rcraft 1S great, the absolute cost d1fference 1S small, and mater
ials costs dom1nate anyway. Large a1rplanes compare much more favorably at 
h1gh app11cat10n rates, where app11cat1ons and mater1als costs are comparable. 
Therefore, large a1rcraft are more competit1ve than generally assumed. 

A1rcraft Types 

1. There 1S good reason to be11eve that aer1al fert1l1zat10n and seed1ng 
w1ll grow rap1dly relat1ve to app11cat1on of chem1cal agents. H1gh growth 
1n the product1on of r1ce and other gra1ns relat1ve to cotton w1ll result 
1n a gradual trend 1n th1s d1rect10n. However, the present exper1ence of 
the USSR, where fert1l1zat1on accounts for 50 percent of all aer1al treatment 
area, suggests a potent1al revolut1on 1n pract1ce 1n the next two decades. 
If th1s revolut10n 1n pract1ce comes about, strong growth 1n sales of large 
ag-a1rcraft 1S forecast, 1nclud1ng very large advanced models w1th turb1ne 
power. 

2. If technolog1cal progress perm1ts w1de-scale use of ULV spray1ng of 1n
sect1des, a trend back toward smaller ag-a1rcraft would occur. However, fleet 
S1ze would be affected only s11ghtly because a1rcraft product1vity (ha/hr) 
1ncreases only s11ghtly when app11catlon rate 1S reduced from normal 1nsec
t1de rates (15 kg/ha) to ULV rates (4 kg/ha). 

3. Rotary-wing a1rcraft, wh1ch presently compr1se only 9 percent of the US 
fleet, w1ll 1ncrease the1r share to about 20 percent by 2000. Th1S growth 
w111 be dr1ven partly by envIronmental controls and partly by strong growth 
1n vegetable and fruit product1on. The 20 percent fleet component w1ll 
br1ng the US closer to present experIence In the USSR and other developed 
countr1es. 

Case Study of Colomb1a 

Present Fleet and Technology 

1. Colomb1a 1S a very 1mportant agr1cultural country in South Amer1ca and 
1S a major user of US ag-alrcraft. Cotton and r1ce comprise 80% of the 
aer1al treatment area 1n Colomb1a. The great major1ty of ag-a1rcraft 1n 
the Colomb1an fleet are Cessna and P1per models, wh1ch are produced under 
l1cense by Colomb1an f1rms. Increased 1ntegrat1on of manufactur1ng 1n the 
domest1c 1ndustry 1S prescr1bed by government po11cy, Although some adapta
t10ns to local cond1t10ns are made 1n the product10n of these a1rcraft, e.g., 
soft-f1eld gear, they are almost 1dent1cal to models produced 1n the US. 
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Slnce there lS a shortage of technlcal skliis ln Colombla, lncreased lnte

gratlon of prlmary manufacturlng processes could lmpede lncorporatlon of 
advanced-technology features. 

2. The Colomblan market wlll contlnue to be an lmportant one for US manu

facturers, Slnce alrplanes ln current use are approprlate for tYPlcal 
Colomblan cotton and rlce flelds. 

3. New aerlal appllcatlons technology could be economlcally feaslble lf lt 

resulted ln lmproved cotton and rlce Y1elds. For example, a 10% lncrease ln 
cotton Yleld may justlfy a doubl1ng of appllcatlon cost. 

Aerlal Appllcatlon Industry 

1. The Columb1an ag-alr lndustry lS fragmented, and aerlal appl1cat1ons 

practlce lS often poor because of lack of knowledge. Government P011Cy of 
free enterprlse allows competltlon among ag-alr operators, who must be 

llcensed to operate. However, the government lS unable to control actlv1tles 
of unreglstered "plrate" operators, and poor practlce has prompted the gov

ernment to exerClse more control over the lndustry. Envlronmental lssues 

are recelvlng major attentlon as a result of close contact between Colomb1an 

and US government and lndustry leaders. Blologlcal controls and an lntegrated 
approach to pest management are elements of government P011CY whlCh wlll 

affect future uses of alrcraft. 

2. There lS a general lack of government support for the ag-a1r lndustry. 

Whereas substant1al f1nanc1al advantages are offered to encourage purchase of 

farm Mach1nery, ag-a1rcraft f1nanc1ng 1S unass1sted. Shortage of equ1ty 
cap1tal and 1nflatlon are addltlonal lmpedlments to a1rcraft purchases ln 

Colombla. A land reform program lmplemented ln the 1960s had the effect of 

breaklng up large agr1cultural holdlngs and thus reduclng average fleld Slze. 

However, the program lS not belng actlvely pursued by the present government. 

3. As ln many developlng countrles, the physlcal and technlcal lnfrastruc
tures are poorly developed. Lack of parts avallab1l1ty, spot shortages of 

chemlcals, and crude runways are facts of llfe for Colomblan operators. 

Poor quallty control over materlals lS a pers1stent problem. Improper dllu

tlon, lnaccurate label1ng and outrlght theft are common ln the d1strlbutlon 
chaln. 

Future Outlook 

1. Most crop product1on lS on unlrrlgated flelds, and crop seasons are d1C

tated by the favorable cllmate. Increased lrrlgatlon of flelds could permlt 

multlple cropplng, wlth dlrect advantages to the ag-alr lndustry because of 

the greater lmportance of proper tlmlng. The advantage of aerlal appllcat10n 
ln shortenlng the growlng season of each crop would then assume greater 

lmportance. 
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2. The Llanos lS a vast reglon of great agrlcultural potentlal which lS 
just belng explolted. Inaccesslblilty and fleld Slze characterlstlcs ln thlS 
reglon wlll favor use of alrplanes, and large alrplanes may be especlally 
beneflclal. 

3. Based on present government P011CY, ultra-low volume (ULV) appllcatlons 
wlll be curtalled for envlronmental reasons. The need for very accurate 
callbratlon of equlpment lS clted as the baslc problem. Such accuracy lS 
consldered beyond the capabllity of operators. Even lf the safe appllcatlon 
of chemlcals ln concentrated form could be demonstrated, the ablilty of 
Colombian operators to lmplement ULV safely wlll be ln doubt. 

Technology Improvements 

1. Speclflc technology lmprovements to elther enhance operatlonal charac
terlstlcs or lncrease safety were suggested by operators ln Colombla. 
Recommended lmprovements of operatlonal characterlstlCs are as follows: 

Dlsplay of Hopper Contents -- to avold overloadlng or underloadlng 
Improved Englne Coollng -- to conserve power 
Hlgher Tallplane -- to avold damage from debrls 
Noncorroslve Materials -- to reduce corrOSion of alrcraft 
Improved Control Llnkages -- to avold deterloratlon due to corrOSlon 
New Spray Method -- to lmprove distrlbutlon of dlspersed materlals 

2. Recommended lmprovements for lncreased safety are as follows: 

Collapslble Gear -- to llmlt damage in a controlled crash 
Rapid Fuel Dump -- to minimlze fire danger ln crash or emergency 

landlng 
Master Klll SWitch to deactlvate electrlcal accessorles, dump 

payload and fuel, and Jettlson canopy 
Relocate Fuel Tanks more remote from englne, posslbly wlth break

away tanks 
Slack Fuel Llnes -- to avold breakage ln a hlgh-stress condltlon 
Dlsplay of Measured Torque -- to facilltate go/no-go declslon on 

takeoff 
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APPENDIX 

LAND DISTRIBUTION IN COLOMBIA 

As lndlcated ln the text, fleld Slze lS an lmportant determlnant of 
agrlcultural alrplane use. It would be useful to have dlstrlbutlons of 
fleld Slze ln order to determlne the penetratlon of ag-alrcraft for chemlcal 
and fertlllzer appllcatlon. The only avallable lndlcatlon of land use ln 
Colombla lS the 1960 agrlcultural census (Ref. 25), whlCh was undertaken 
prlor to land reform. The effect of land reform was to lncrease the number 
of very small flelds wlthout slgnlflcantly affectlng larger flelds. Only 
the latter are of lnterest for aerlal application, so the census can be 
assumed to be reasonably valld as an lndlcatlon of land dlstrlbutlon for 
all crops. 

It lS essentlal to make a dlstlnction between "farms", "cropland" and 
"fleld slze". A farm conslsts of a varlety of land uses, of whlCh only a 
portlon are devoted to cropland. The "cropland" conslsts of land used for 
permanent and temporary crops, and fallow land. The temporary and permanent 
crops are those WhlCh mlght recelve aerlal appllcatlon. Flnally, the actual 
fleld Slze (l.e., plot) lS some fractlon of the temporary and permanent 
crops. Typlcally, growers subdlVlde thelr total planted area lnto smaller 
plots because of terraln, accesslblilty and the number of dlfferent crops 
planted. Because no data are avallable ln how Colomblan growers allocate 
thelr planted flelds, "fleld slze" lS assumed to be equlvalent to cropland, 
l.e., the sum of temporary, permanent and fallow land. ThlS assumptlon 
w1ll result 1n f1eld S1ze est1mates that are b1ased upward. However, for 

the large flelds on WhlCh aerlal appllcatlons are concentrated, the estl
mates should be falrly good. 

Flgure Al shows the land use dlstrlbutlon for all farmers ln Colombla. 
Small farms are farmed very lntenslvely, l.e. have the largest proportlon 
of temporary and permanent crops. (Land for coffee product lon, for example, 
lS part of the permanent crop category for small farms.) Thls proportlon 
decreases wlth farm Slze, as pasture and unused land (mountalns, forests 
and other) become predom1nant. Above 200 ha, however, these other uses 
decrease as large tracts are apparently converted to pasture (e.g. large 
ranches). Fallow land is an approxlmately constant proportlon of all farms, 
but ltS area lS much larger for large farms, as wlll be seen. 

An lmportant assumptlon made ln determining the average field size for 
aerlal appllcation was that large flelds are more llkely to utlllze aerlal 
appllcatlon than smaller flelds. For a glven fleld Slze dlstrlbutlon and 
total area (F), the area uSlng aerlal appllcatlon (f) wlll conslst of all 
flelds larger than some Slze, such that flF lS equal to the fractlon of 
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flelds uSlng aerlal appllcatlon. The parameter used 1n descrlblng thlS 
area lS "fleld Slze above X" where X 1S the mlnlmum fleld Slze uSlng aerlal 
appl1cat lon. 

Flgure A2 shows a plot of the total cropland area for flelds above a 
glven slze, shown on the X-axlS. The correspondlng farm Slze lS shown on 
the same axlS. It can be seen that one-half of all cropland ln Colombla lS 
on farms of less than 30 ha. ThlS lmplles that, even lf alrplanes could be 
used to spray all flelds above 30 ha for all crops, only one-half the crop
land would be covered. The actual fleld Slze would be even smaller because 
of fallow land and further subdlV1Slon of flelds. Clearly, then, only a 
small percentage of total area could posslbly be penetrated by ag-alrcraft. 

If the area ln Flg. A2 lS dlvlded by the number of farms ln each farm 
Slze category, the resultlng curves show the average area of each land use 
above a mlnlmum cropland Slze. In Colombla the large number of very small
scale farms results ln predomlnance of very small flelds. As the mlnlmum 
fleld Slze lS lncreased, the average area lncreases, partlcularly for fallow 
land. If expanSlon of area planted occurs ln the future, lt lS llkely that 
fallow land would be planted flrst. Although most of the fallow land lS on 
small farms (Flg. A2), large holdlngs of fallow land are also contalned on 
the larger farms (Flg. A3). The planted f1eld Slze of future expanSlon could 
lncrease or decrease, dependlng on land reform P011CY. If expanslon were to 
occur solely by plantlng large areas of fallow land contalned ln large farms 
(wlthout further subdlvlslon), slgnlflcant lncrease of average fleld Slze 
could occur wlth greater posslbliltles for mechanlzatlon, lncludlng aerlal 
appllcatlOn. 

Although the data presented so far are reveallng, they are not appro
prlate for determlnlng fleld Slzes for partlcular crops uSlng aerlal appll
catlon. The maJorlty of crops lncluded ln the data (such as Subslstence 
crops, etc.) use surface means of appllcatlon, lf any at all. It therefore 
becomes necessary to do a breakdown by lndlvldual crops. Such data are pro
vlded ln the 1960 agrlcultural census as area planted to dlfferent crops 
accordlng to farm Slze. For each farm Slze category, the planted area and 
number of farms are shown, such that the average planted fleld Slze can be 
determlned. Flgure A4 shows the average fleld Slze as a proportlon of total 
area for cotton and rlce. Unllke Flg. A2, whlCh shows area above a glven 
fleld Slze, Flg. A4 shows the area (as a proportlon of total area) for a 
glven average fleld Slze. That lS, the average planted fleld Slze represents 
the average of all flelds from large to small. It can be seen that the 
average fleld Slzes of cotton and rlce are 12.2 ha and 4.3 ha, respectively. 
These averages correspond to 100 percent of the area (all flelds greater 
than 0 ha). As average fleld size lncreases, the mlnlmum cut-off lncreases, 
and the proportlon of the area above some mlnimum cut-off lS shown on the 
Y-axls. 
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The proport10n of aer1al app11cation for each crop was obta1ned by f1rst 
calculat1ng the area sprayed for each crop (us1ng the total area (Ref. 39). 
It was est1mated that 6S percent of the cotton and about 20 percent of the 
r1ce are treated by a1r, correspond1ng to average f1eld S1zes of 6S ha and 
40 ha, respect1vely. These est1mates of average f1eld S1ze were used for the 
a1rcraft analyses 1n the case study. 
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Aer~al Appl~cator 

Assoc~at~on 

Agr~cultural Research & 
Extens~on 

M~n~stry of 
Agr~culture 

Chem~cal 

Compan~es 

P1per Representat1ve 

P~per Assembly 

Cessna Assembly 

LIST OF CONTACTS IN COLOMBIA 

Mr. Lu~s Fernando Gut~errez 
AVIAGRICOLA 
Carrera 8, No. 62-40 
Apartado Aereo 26770 
Bogota 

Dr. Elk~m Bustamante 
INSTITUTO COLOMBIANO AGROPECUARIO (ICA) 
Apartado Aereo 7984 
Bogota 

Mrs. Raquel Bustamante de Henao 
MINISTERIO DE AGRICULTURA 
Un~dad Agr~cola - OPSA 
Carrera 10 #20-30 of. 701 
Bogota 

Mr. Manuel Castro 
DOH CHEMICAL OF COLOMBIA 
Apartado Aereo 12349 
Bogota 

Dr. M~chael D. Mowlam 
SHELL COLOMBIA, S.A. 
D~v~s~on Agr~cola 

Apartado Aereo 3439 
Bogot~ 

Mr. James G. Leaver 
AERO-MERCANTIL LEAVER & CIA S.C.A. 
Apartado Aereo No. 6781 
Bogot8. 

Col. Alvaro Sarm~ento Land~nez, D~rector 
Mr. Franc~sco Restrepo Ortega, Asst. D~rector 
AERO INDUSTRIAL COLOMBIANA S.A. 
Apartado Aereo 92596 
Bogot~ 

Mr. Hector Paez, Asst. D~rector 
AVIONES DE COLOMBIA S.A. 
Apartado Aereo 6876 
Bogota 
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Cotton Growers 
FederatlOn 

Aer~a1 App1~cators 

LIST OF CONTACTS IN COLOMBIA (Cont'd) 

Mr. S~lvio Alvarado Agu~lera 
Mr. Ja~ro Cadena R~vera 
FEDERACION NACIONAL DE ALGODONEROS 
D~recc~on de Estud~os Econom~cos 
Carrera 8 No. 15-73 
Bogota 

Mr. W~ll~am R. Gr~eb1~ng 

SANIDAD VEGETAL LTDA. 
Carrera 2a-A No. 14-24 
Ibague, To hma 

ESTRA CIA. 
Esp~na1, To1~ma 
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PROJECTIONS OF CROP PRODUCTION 

Project10ns of crop product10n were made for the major reg10nal markets 

by estab11sh~ng h~stor~cal growth rates ~n each crop category apply~ng these 
growth rates to average product~on volumes ~n the 1974 to 1976 per~od. The 
growth rates were based on approx~mately 15 years of h~stor~cal productlon 

f~gures dat~ng to the early 1960s. Convers~on of productlon volumes to 

aer~a1 treatment area was then made by the method descr~bed in the text, 
each reg~onal market be~ng characterlzed by a fleld s~ze crlter~on whlch 

relates ~t to 1976 US pract~ce. The tables wh~ch follow summar~ze data for 
each reg~onal market. Aggregat~ons to major world grouplngs appear as 

Tables 8 to 11 ~n the main text. 
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TABLE A2 

PROJECTIONS FOR OCEANIA 

ProductIon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 12.1 3.0 25.3 1.2 2.8 3.4 

RIce 0.4 8.7 3.5 1.0 9.1 9.1 

Corn 0.3 4.1 0.9 <0.1 <0.1 4.5 

Sorghum 1.0 10.0 11.2 0.3 3.0 10.4 

Roots 2.4 1.5 3.4 0.3 0.4 1.9 

Dry Beans 0.1 7.9 0.5 0.2 1.2 8.3 

Soybeans 0.1 10.0 1.3 <0.1 0.2 10.0 

Other GraIns 3.3 9.7 33.3 0.8 8.7 10.1 

Nuts )0.1 3.7 0.1 <0.1 0.1 4.1 

Sugar 24.6 1.9 39.4 0.3 0.5 2.3 

Cotton 0.1 10.0 0.8 0.3 3.0 10.4 

Vegetables 1.6 2.2 2.7 0.3 0.6 2.6 

CItrus 0.5 5.3 1.7 0.1 0.2 5.7 

Other FruIt 2.9 1.4 4.1 0.1 0.2 1.8 

Tobacco <0.1 2.8 0.1 <0.1 <0.1 3.5 

TImber * 0.17 2.0 0.28 0.1 0.1 3.5 

Rangeland * 247 0.3 266 5.2 6.1 0.7 

Area Insects * 517 0.4 571 1.1 1.3 0.8 

TOTAL 11.1 37.6 5.0 

* In unIts IndIcated In Table 5 
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TABLE A3 

--, 

PROJECTION FOR WESTERN EUROPE 

Produc t Ion Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. --, 

Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

--, 

Wheat 50.4 2.4 91.2 0.2 0.5 3.0 

RIce 1.1 3.1 2.3 0.1 0.3 3.7 

Corn 23.1 5.4 86.1 <0.1 0.1 6.1 

Sorghum 0.3 10.9 4.1 <0.1 0.1 12.2 

Roots 42.9 -3.5 17.6 0.2 0.1 -2.9 

Dry Beans 0.8 -2.6 0.4 0.1 <0.1 -2.0 

Soybeans 2.6 1.2 3.5 <0.1 <0.1 1.8 

Other GraIns 41.8 3.8 106.1 0.5 1.3 4.4 

Nuts 0.5 -2.7 0.2 <0.1 <0.1 -1.9 

Sugar 82.6 3.2 181.6 <0.1 0.1 3.8 

Cotton 0.1 -8.6 <0.1 <0.1 <0.1 -8.8 

Vegetables 35.4 -1.0 27.5 0.3 0.3 -0.4 

CItrus 2.9 5.1 10.0 <0.1 0.1 5.6 

Other FruIt 42.5 2.0 69.7 0.1 0.2 2.6 

Tobacco 0.2 3.5 0.6 <0.1 <0.1 4.9 

TImber * 1.88 -2.0 1.13 <0.1 <0.1 -1.5 

Rangeland * 165 0.5 187 0.2 0.2 1.1 

Area Insects * 123 -0.7 103 <0.1 <0.1 -0.3 

TOTAL 1.8 3.4 2.4 

* In unIts IndIcated In Table 5 
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TABLE A4 

PROJECTIONS FOR SOUTH AFRICA 

Product~on Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 1.8 6.7 9.2 0.2 0.9 6.7 

R~ce <0.1 3.4 <0.1 <0.1 <0.1 3.4 

Corn 9.2 4.8 29.7 0.3 0.8 4.8 

Sorghum 0.4 3.6 1.1 0.1 0.3 3.6 

Roots 0.8 5.2 2.7 0.1 0.3 5.2 

Dry Beans 0.1 4.4 0.2 0.1 0.3 5.2 

Soybeans 0.1 4.0 0.2 <0.1 <0.1 3.9 

Other Gra~ns 0.3 7.0 1.6 0.1 0.4 7.0 

Nuts 0.3 2.9 0.7 0.2 0.4 2.9 

Sugar 17.5 5.3 63.8 0.2 0.7 5.3 

Cotton 0.1 10.2 1.3 0.4 4.0 10.2 

Vegetables 1.4 3.1 3.0 0.3 0.6 3.1 

C~trus 0.7 2.9 1.5 0.1 0.2 2.9 

Other Fru~t 2.0 4.7 6.4 0.1 0.3 4.7 

Tobacco <0.1 1.4 <0.1 <0.1 <0.1 1.4 

T~mber * 2.26 1.2 3.05 0.6 0.9 1.2 

Rangeland * 43 -1.4 30 0.9 0.6 -1.4 

Area Insects* 96 -0.3 89 0.2 0.2 -0.3 

TOTAL 3.7 10.8 4.4 

* In un~ts ~nd~cated ~n Table 5 
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TABLE AS 

PROJECTIONS FOR JAPAN 

Productlon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 0.2 -13 .6 <0.1 <0.1 <0.1 -13 .6 

Rlce 16.1 -0.2 15.3 1.2 1.2 -0.2 

Corn <0.1 -15.9 <0.1 <0.1 <0.1 -15.9 

Sorghum 

Roots 5.3 -5.6 1.2 <0.1 <0.1 -6.0 

Dry Beans 0.2 -3.6 0.1 <0.1 <0.1 -4.0 

Soybeans 0.1 -2.0 0.1 <c •. 1 <0.1 -2.0 

Other Gralns 0.2 -6.0 <0.1 <0.1 <0.1 -6.0 

Nuts 0.1 -1.6 0.1 <0.1 <0.1 -1.6 

Sugar 4.0 1.1 5.3 <C' .1 <.0.1 -5.3 

Cotton 

Vegetables 15.1 1.9 24.1 0.1 0.2 1.9 

Cltrus 4.3 10.4 51.1 <0.1 0.2 10.3 

Other Frult 2.7 1.1 3.5 <0.1 <0.1 0.9 

Tobacco 0.5 0.5 0.3 <0.1 <0.1 0.5 

Tlmber * 1. 70 -2.8 0.80 <0.1 <0.1 -3.0 

Rangeland * 3.6 -0.3 3.3 <0.1 <0.1 -0.3 

Area Insects * 6.0 0 6.0 <0.1 <0.1 0 

TOTAL 1.4 1.6 0.4 

* In unlts lndlcated ln Table 5 
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TABLE A6 

PROJECTIONS FOR ISRAEL 

Productlon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 0.2 8.5 1.8 <0.1 0.1 8.6 

Rlce 

Corn <0.1 7.3 0.1 <0.1 <0.1 7.3 

Sorghum <0.1 -5.2 <0.1 <0.1 <0.1 -6.2 

Roots 0.2 3.8 0.4 <0.1 <0.1 3.7 

Dry Beans 

Soybeans <0.1 4.0 <0.1 <0.1 <0.1 4.5 

Other Gralns <0.1 -6.2 <0.1 <0.1 <0.1 -6.9 

Nuts <0.1 5.6 0.1 <0.1 <0.1 5.7 

Sugar 0.2 -0.7 0.2 <0.1 <0.1 -0.7 

Cotton 0.1 10.0 1.4 0.3 3.5 10.0 

Vegetables 0.7 5.0 2.4 0.1 0.4 5.0 

Citrus 1.6 7.3 9.5 0.1 0.9 7.3 

Other Frult 0.3 3.5 0.8 <0.1 <0.1 3.5 

Tobacco 

Tlmber * 

Rangeland * 0.5 1.4 0.7 <0.1 <0.1 1.4 

Area Insects * 1.2 0.8 1.5 <0.1 <0.1 0.8 

TOTAL 0.7 5.0 8.5 

*In unlts lndlcated ln Table 5 
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TABLE A7 

PROJECTIONS FOR USSR 

Product~on Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 82.3 2.1 138.4 9.3 13 .1 1.4 

R~ce 2.0 7.0 10.9 5.4 24.5 6.3 

Corn 9.9 -2.3 5.5 0.3 0.2 -3.0 

Sorghum 0.2 9.9 2.2 0.1 0.5 9.1 

Roots 84.9 0.3 91.5 10.6 9.6 -0.4 

Dry Beans 1.3 1.1 1.1 2.9 3.2 0.4 

Soybeans 5.9 4.0 15.6 0.9 2.0 3.3 

Other GraIns 58.9 7.3 342.6 15.7 76.6 6.6 

Nuts 0.2 1.5 0.3 0.1 0.2 0.8 

Sugar 81.0 2.6 153.8 1.1 1.7 1.9 

Cotton 8.7 4.0 23.2 31.8 84.6 4.0 

Vegetables 27.0 2.7 52.6 6.1 10.1 2.0 

C~trus 0.1 11.9 2.4 <0.1 0.3 1l.2 

Other Fru~t 13.7 6.5 66.2 0.7 3.0 5.8 

Tobacco 0.4 5.1 1.3 0.1 0.4 4.4 

T~mber * 0.42 0.4 1.30 0.1 0.1 -0.3 

Rangeland * 186 1.3 257 4.4 5.1 0.6 

Area Insects * 604 0.1 619 1.4 1.2 -0.6 

TOTAL 91.0 236.4 3.9 

* In un~ts ~nd~cated ~n Table 5 
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TABLE A8 

PROJECTIONS FOR EASTERN EUROPE 

ProductIon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 26.8 5.1 92.8 0.7 6.2 9.0 

RIce 0.2 3.7 0.5 0.1 0.7 7.5 

Corn 19.1 4.4 56.2 0.2 1.1 8.2 

Sorghum <0.1 2.7 0.1 <0.1 <0.1 7.1 

Roots 66.6 0 66.6 2.0 4.9 3.7 

Dry Beans 0.3 0.6 0.3 0.1 0.4 4.3 

Soybeans 0.4 10.0 4.80 <0.1 0.4 13.8 

Other GraIns 15.0 6.4 70.5 1.0 11.1 10.3 

Nuts 0.1 -0.9 0.1 <0.1 <0.1 2.6 

Sugar 39.5 1.9 63.2 0.1 0.5 5.6 

Cotton 0.2 -1.0 0.1 0.1 0.3 2.6 

Vegetables 17.6 -1.5 12.0 1.0 1.6 2.1 

CItrus <0.1 5.9 <0.1 <0.1 <0.1 5.9 

Other FruIt 9.3 2.3 16.4 0.1 0.5 6.1 

Tobacco 0.3 2.5 0.6 <0.1 0.1 6.4 

TImber * 3.71 6.1 16.0 0.3 3.3 10.0 

Rangeland * 60 0.7 71 0.3 1.0 4.4 

Area Insects * 61 -0.2 58 <0.1 0.1 3.5 

TOTAL 6.2 32.4 6.8 

* In unIts Indicated In Table 5 
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TABLE A9 

PROJECTIONS FOR CUBA 

Produc t lon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 

Rlce 0.2 10.6 1.9 0.4 4.5 10.6 

Corn 0.1 -1.1 0.1 <0.1 <0.1 -1.1 

Sorghum 

Roots 0.6 1.5 0.9 0.1 0.1 1.5 

Dry Beans 0.1 -2.9 <0.1 0.1 0.1 -2.9 

Soybeans 

Other Gralns 

Nuts <0.1 -2.3 <0.1 <0.1 <0.1 -2.3 

Sugar 53.4 1.9 85.5 0.6 1.0 1.9 

Cotton <0.1 -6.0 <0.1 <0.1 <0.1 -5.9 

Vegetables 0.4 4.4 1.1 0.1 0.2 4.4 

Cltrus 0.2 5.8 0.8 <0.1 0.1 5.8 

Other Frult 0.4 3.2 0.8 <0.1 <0.1 3.3 

Tobacco <0.1 3.2 0.1 <0.1 <0.1 0.5 

Tlmber * 1.50 -3.3 0.64 0.5 0.2 -3.3 

Rangeland * 5.8 -0.7 4.9 0.1 0.1 -0.7 

Area Insects * 5.8 3.5 13.7 <0.1 <0.1 3.6 

TOTAL 1.9 6.4 4.9 

* In unlts mdlcated ln Table 5 
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TABLE A10 

PROJECTIONS FOR CHINA 

ProductIon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 40.3 5.1 139.9 <0.1 0.1 5.1 

RIce 116.0 2.5 215.1 1.2 2.2 2.5 

Corn 32.8 3.1 70.3 <0.1 <0.1 3.3 

Sorghum <0.1 18.0 1.3 <0.1 <0.1 18.0 

Roots 154.2 2.8 307.6 0.1 0.1 2.8 

Dry Beans 6.5 4.5 19.5 0.1 0.2 4.5 

Soybeans 16.9 2.3 29.9 <0.1 <0.1 2.1 

Other GraIns 22.4 2.6 42.6 <0.1 <0.1 2.6 

Nuts 3.1 3.2 6.9 <0.1 <0.1 3.1 

Sugar 51.5 5.8 211.0 <0.1 <0.1 5.3 

Cotton 8.7 6.6 42.9 0.1 0.6 6.6 

Vegetables 65.2 2.8 130.1 0.1 0.1 2.8 

CItrus 1.3 5.3 4.7 <0.1 <0.1 2.8 

Other FrUIt 4.3 3.5 10.2 <0.1 <0.1 2.8 

Tobacco 1.3 3.8 3.4 <0.1 <0.1 3.7 

TImber * 1.20 4.3 3.50 <0.1 <0.1 2.8 

Rangeland * 138 0.9 172 <0.1 <0.1 0.9 

Area Insects * 342 0.6 397 <0.1 <0.1 0.6 

TOTAL 1.5 3.3 3.1 

* In unIts IndIcated In Table 5 
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TABLE All 

PROJECTIONS FOR TROPICAL LATIN AMERICA 

Product Ion Treat ed Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 2.8 10.7 36.1 <0.1 0.5 10.1 

RIce 1l.5 3.2 25.3 4.6 8.6 2.6 

Corn 20.9 3.7 51.9 0.1 0.2 3.1 

Sorghum 1.7 11.4 24.7 0.1 0.9 10.7 

Roots 36.7 1.9 58.8 0.7 0.9 1.3 

Dry Beans 5.5 -0.1 5.4 1.8 1.5 -0.7 

Soybeans 11.9 10.0 129.3 0.3 2.5 9.3 

Other GraIns 0.4 0.7 0.5 <0.1 <0.1 0.7 

Nuts 0.7 -0.6 0.6 0.1 0.1 -1.2 

Sugar 177 .0 2.6 328.2 0.4 0.6 1.9 

Cotton 3.1 2.5 5.9 1.7 2.7 2.0 

Vegetables 5.5 2.3 9.8 0.2 0.3 1.7 

CItrus 8.6 8.2 62.0 0.2 1.1 7.5 

Other FruIt 28.5 3.4 65.7 0.2 0.5 2.8 

Tobacco 0.4 2.5 0.8 <0.1 <0.1 1.7 

TImber * 0.30 0.9 0.37 <0.1 <0.1 0.3 

Rangeland * 123 1.5 179 0.4 0.5 0.9 

Area Insects * 310 1.9 496 0.1 0.1 1.3 

TOTAL 10.8 21.0 2.7 

* In unIts IndIcated In Table 5 
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TABLE A12 

PROJECTIONS FOR TEMPERATE LATIN AMERICA 

Produc t lon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 10.2 0.8 12.4 0.4 0.5 0.8 

R~ce 1.1 4.1 3.1 1.2 3.2 4.1 

Corn 9.2 3.7 22.9 0.1 0.3 3.7 

Sorghum 5.6 12.4 103.8 0.6 11.1 12.4 

Roots 7.7 1.1 10.1 0.4 0.5 1.1 

Dry Beans 0.4 3.3 0.9 0.3 0.8 3.3 

Soybeans 1.4 8.1 1.0 0.1 0.6 8.1 

Other Gralns 2.1 1.0 2.6 0.2 0.3 1.0 

Nuts 0.4 -0.5 0.3 0.1 0.1 -0.5 

Sugar 28.8 2.7 56.0 0.2 0.3 2.7 

Cotton 0.8 0 0.8 1.4 1.1 -1.1 

Vegetables 5.0 2.1 8.4 0.4 0.7 2.1 

Cltrus 2.1 4.0 5.7 0.1 0.3 4.0 

Other Fru~t 8.1 3.1 17.3 0.2 0.4 3.1 

Tobacco 0.2 5.6 0.7 <0.1 0.1 5.6 

Tlmber * 0.16 0.5 0.18 <0.1 0.1 0.5 

Rangeland * 207 1.3 286 1.9 2.6 1.3 

Area Insects * 258 0.3 278 0.2 0.3 0.3 

TOTAL 7.9 23.0 4.4 

* In unlts lndlcated ln Table 5 
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TABLE AU 

PROJECTIONS FOR MEXICO 

Product1.on Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 2.9 4.9 9.9 0.3 0.8 4.9 

Rlce 0.5 3.5 1.1 1.0 2.3 3.5 

Corn 8.4 1.1 11.0 0.2 0.3 1.1 

Sorghum 3.1 11.0 42.5 0.7 8.9 11.0 

Roots 0.8 4.2 2.3 0.1 0.2 4.2 

Dry Beans 1.3 2.5 2.4 2.2 4.1 2.5 

Soybeans 1.0 0.7 1.2 0.1 0.1 0.7 

Other Gralns 0.9 7.0 4.7 0.2 1.0 7.0 

Nuts 0.1 -0.8 0.1 <0.1 <0.1 -0.8 

Sugar 34.4 2.6 65.3 0.4 0.7 2.6 

Cotton 0.8 0 0.8 2.3 2.3 0 

Vegetables 2.8 6.5 13 .4 0.5 2.3 6.5 

C1.trus 2.9 6.7 14.4 0.3 1.5 6.7 

Other Fru1.t 3.4 4.2 9.6 0.1 0.4 4.2 

Tobacco 0.1 0 0.1 <0.1 <0.1 0 

Tlmber * 0.19 -0.1 0.19 <0.1 <0.1 -0.1 

Rangeland * 33 1.9 53 0.6 1.0 1.9 

Area Insects * 95 -0.4 86 0.2 0.2 -0.4 

TOTAL 9.0 25.9 4.3 

* In un1.ts 1.ndlcated 1.n Table 5 
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TABLE A14 

.~ 

PROJECTIONS FOR NEAR EAST 

Productlon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

. -' 
Wheat 39.4 3.1 84.4 0.3 0.8 3.9 

Rlce 5.3 2.2 9.1 1.1 2.2 3.0 

Corn 8.4 2.9 17.1 <0.1 0.1 3.7 

Sorghum 1.7 3.0 3.6 <0.1 0.1 3.7 

Roots 12.9 2.6 24.4 0.1 0.3 3.3 

Dry Beans 1.3 0.9 1.6 0.2 0.3 1.6 

Soybeans 8.5 1.6 12.6 0.1 0.2 2.3 

Other Gralns 18.8 4.5 56.6 0.4 1.3 5.3 

Nuts 1.3 3.4 3.1 0.1 0.2 4.1 
,..--""> 

Sugar 24.6 8.2 176.7 <0.1 0.2 8.9 

Cotton 4.1 1.5 6.0 1.1 1.9 2.2 

Vegetables 41.3 3.4 95.4 0.7 1.9 4.2 
~-

Cltrus 7.9 4.2 22.0 0.1 0.3 5.0 

Other Frult 25.9 1.3 35.8 0.1 0.2 2.0 

Tobacco 0.5 3.1 1.1 <0.1 <0.1 3.7 

Tlmber * 0.66 0.4 0.73 <0.1 <0.1 1.0 

Rangeland * 218 0.9 273 0.4 0.6 1.6 

Area Insects * 357 0.2 376 0.1 0.1 1.0 

TOTAL 4.8 10.7 3.3 

* In unlts lndlcated In Table 5 
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TABLE A15 

PROJECTIONS FOR ASIA 

ProductIon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

-0. 

Wheat 33.7 6.4 159.0 <0.1 0.1 9.1 

RIce 156.4 2.5 290.0 1.4 4.9 5.1 

Corn 16.3 3.2 35.9 <0.1 <0.1 5.1 

Sorghum 10.1 0.8 12.3 <0.1 <0.1 3.2 

Roots 46.2 3.6 111.9 <0.1 0.1 6.2 

Dry Beans 3.6 3.3 8.1 <0.1 0.1 5.8 

Soybeans 5.1 3.1 10.8 <0.1 <0.1 4.9 

-
Other GraIns 8.0 2.2 13.8 <0.1 <0.1 4.9 -

Nuts 7.6 1.6 11.3 <0.1 <0.1 4.2 

Sugar 230.3 3.3 518.6 <0.1 <0.1 5.7 

Cotton 7.7 0.5 8.7 0.1 0.2 3.0 

Vegetables 51.5 2.9 105.2 <0.1 0.2 5.5 

CItrus 2.1 2.3 3.6 <0.1 <0.1 4.5 

Other Fruit 30.8 2.8 61.4 <0.1 <0.1 5.1 

Tobacco 1.7 1.7 2.6 <0.1 <01 4.5 

TImber * 1. 28 2.7 2.50 <0.1 <0.1 6.6 

Rangeland * 336 0.7 401 <0.1 0.1 3.2 

Area Insects * 440 0.3 474 <0.1 <0.1 2.3 

TOTAL 1.7 5.9 5.0 

* In unIts IndIcated In Table 5 196 



TABLE A16 

PROJECTIONS FOR AFRICA 

Productlon Treated Area 

1974-76 Avg. 2000 1975 2000 Avg. 
Crop Av. Prod. Gr. Rate Prod. Area Area Gr. Rate 
Category 109 kg %/yr 109 kg 106 kg 106 ha %/yr 

Wheat 1.3 2.8 2.7 <0.1 <0.1 2.8 

, .. 
Rlce 5.3 3.1 11.3 0.7 1.4 3.1 

Corn 12 .8 3.5 30.8 <0.1 <0.1 3.4 

Sorghum 9.0 5.9 37.6 0.1 0.5 5.9 

,,,: .. 
Roots 71.4 2.0 117.1 0.4 0.7 2.0 

Dry Beans 3.5 1.7 5.3 0.4 0.6 1.7 

Soybeans 2.1 1.5 3.0 <0.1 <0.1 1.4 

Other Gralns 18.7 3.0 39.2 0.2 0.5 3.0 

Nuts 7.9 0.6 9.2 0.2 0.3 0.6 
r_ 
\ 

Sugar 27.7 4.4 81.4 <0.1 0.1 4.3 

Cotton 2.0 3.3 4.5 0.3 0.8 3.3 

Vegetables 8.5 2.4 15.8 0.1 0.2 2.5 

Cltrus 1.0 5.7 4.2 <0.1 <0.1 5.4 

,-, 

Other Frult 19.5 2.6 37.0 <0.1 0.1 2.6 

Tobacco 0.4 3.2 0.8 <0.1 <0.1 3.4 

Tlmber * 0.48 1.3 0.66 <0.1 <0.1 1.3 

Rangeland * 227 1.4 321 0.3 0.4 1.4 

Area Insects * 827 0.2 869 0.1 0.1 0.2 

TOTAL 2.9 5.6 2.6 

-A In unlts lndlcated ln Table 5 
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CASE STUDY SELECTION 

An Important premlse In selectlng a case-study country was that It 
should have a reasonably well-developed agrlcultural sector In order to be 
consldered a slgnlflcant market for agrlcultural alrcraft. If other neces
sary agrlcultural Investments (such as adequate lrrlgatlon, acceptable sOlI 
condltlons, hlgh-Yleldlng specles, and sufflclent knowledge among farmers) 
have not been made, there IS lIttle chance that a hIgh-technology SolutIon 
would be successfully adopted on other than an emergency basls. Investments 
In agrIcultural alrcraft must, therefore, be preceded by these other neces
sary agrlcultural Inputs. The eXIstence of thlS technIcal base is reflected 
by Increases In the productlvlty of the land, l.e., crop Ylelds. 

One Indlcator of agrIcultural development are the YIelds of varIOUS 
crops. The stablilty, or year-to-year varIatIon of Yleld IS affected by 
cllmatlc condltlons (droughts, etc.) and dlseases whlch Increase harvestIng 
losses. For prelImInary screenIng of countrles, a three-year average of 
Ylelds for varIOUS countries was tabulated. Very low Ylelds Indlcate lack 
of basIc agrlcultural Inputs necessary for development. Of course, the 
flgures are aggregate -- there may be a very small commercIal sector at a 
hIgh level of effIcIency. Another factor In choosing a country was the 
desIrabIlIty of the country producIng a varlety of crops such that some 
extrapolatIon of the case-study results could be made to other regIons of 
the world. Thls effectlvely ellmlnated some countrIes, e.g., Malaysla and 
the Phlllpplnes because they are predomInantly rlce-produclng. For these 
reasons, productlon data were complIed along wlth Yleld data, as shown In 
Table A17. The countrIes In Table A17 are representatIve of theIr regIons 
Wlth respect to sIze, agrlcultural sector and, In most cases, have a hlstory 
of ag-alrcraft use (Refs. 10, 17, 24). The crops tabulated Include the 
major crops for whIch ag-alrplanes are utllized In the US, and several 
others occurrlng predomlnantly In troplcal developlng countrIes. 

A smaller set of candldate countrles was then chosen from thlS lISt. 
It was decIded to select at least one country from each regIon to assure a 
good varIety. Three prImary crlteria were employed to make these selectlons. 
It was requlred that relatlvely hIgh YIelds be attained for a varIety of 
crops, for the reason gIven above. The second crlterl0n was a hIstory of 
ag-alrplane fleets, recent delIverIes, or contractor operatlons, resultIng 
In slgnlflcant ag-avlatlon actlvlty as a precedent for further expanslon. 
Country SIze also played an Important role In order that the country alone 
could result In a market for airplanes. 

In East Afrlca, the chOIce of the Sudan was based on ItS relatlvely 
hlgh Ylelds for a varIety of crops. It has the largest alrplane fleet In 
the regIon and is acknowledged to be a potentlal "breadbasket" of the world. 
West AfrIca has the smallest aIrplane use of any reglon, so the choIce was 
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COTTON 
RtGIO'l ~ Yield* Prod·* 

East Africa Ethiopia 500 53 

Kenya 256 16 

Malagasy n'adagascar) 1,649 27 

'1ozambique 372 ,6 

Rhodesia 1,516 120 

Somalia 321 3 

Sudan 1127 547 

Tanzania 5" 183 

,- Uganda 199 122 

Zaire 351 53 

West Africa Angola 782 61 

Central African Rep 285 41 

Gabon - -
Ghana 603 8 

Ivory Coast 1,013 62 

Mgeria 276 117 

Senegal 1,065 43 

South Asia India 482 3,629 

Pakistan 865 1,663 

East Asia Indonesia 418 5 

Malaysia (Peninsula) - -
Philippines - -
Thailand 1,011 42 

Near East Algeria 997 1 

Egypt 1,924 1,104 

Iran 1528 493 

Iraq 1.331 36 

Libya - -
Morocco 1 198 21 

Saudi Arabia - -
Turkey 1,939 1,341 

Latin America Brad1 727 1.566 
Tropical Colombia 1.449 394 

Costa Rica 1,600 2 

El Salvador 2,277 195 

Guatemala 3,025 295 

Guyana - -

Honduras 1615 15 

Mexico 2 335 821 

Nicaragua 2 174 365 

Uruguay 1.709 1 

Venezuela 1,070 74 

Latin America Argentina 998 463 

Temperate Chile - -
Peru 1,697 209 

* kg/hectare 6 
** 1000 tonnes/yr - 10 kg/yr 

TABLE A17 

CROP YIELDS AND PRODUCTION FOR REPRESENTATIVE 
DEVELOPING COUNTRIES 

(Annual Average for 1974-76) 

RICE ~ CORN ~ 
Yield hod Yield Prod Yield Prod Yield Prod 

- - 86 'uo 1,451 1,182 - -
5,110 33 1,498 163 1,163 1 453 - -
1.704 1,844 - - 1,078 126 - -
1,387 100 1,000 4 564 383 - -
1,698 5 2,881 87 3.098 1,500 - -
3.013 5 343 1 957 123 - -
1,067 7 1,102 2" 593 51 - -
1.495 384 I 0]0 54 944 1 473 176 1 

861 16 2 300 15 1,102 525 1,062 6 

699 202 472 2 643 416 569 2 

1,317 22 1 025 13 718 433 - -
910 12 - - 390 41 - -

2,000 2 - - 1,000 2 - -
933 68 - - 1,104 408 - -

1301 441 - - 585 109 - -
1,286 384 2,111 6 731 1,010 384 67 

1 427 121 - - 918 46 - -
1 754 68,018 1,306 24,739 1,056 6,365 733 103 

2,260 3,779 1,327 7,979 1,231 753 - -
2 605 22,664 - - 1,063 2,727 753 566 

2971 1,716 - - 7 998 20 3 167 1 

1,715 6 105 - - 83' 2,607 784 6 

1822 14,529 - - 2356 2,758 962 124 

2,410 2 794 1,713 1 636 6 - -
5,258 2,398 3,362 1,959 3 620 2,711 - -
3,659 1 498 1,012 5,394 1,984 58 1 348 69 

2 500 98 765 1,165 2 088 23 - -
- - 548 63 1,074 2 - -

3,845 70 1,015 1,873 875 397 - -
- - 1.729 162 5,8)3 6 - -

4,382 248 1.590 14,137 1,9'8 1,210 1,580 8 

1,479 7,860 891 2,616 1,585 16,856 1.660 9,665 

4,313 1,571 1,217 62 1,258 820 1,994 115 

1,626 138 - - 1,306 77 - -
3,310 48 - - 1,823 418 - -
1.356 26 1,220 48 1,285 679 - -
1,908 252 - - 1,864 4 - -
1,425 24 833 1 1,013 332 - -
2,737 476 3 802 2,980 1,270 8,396 1199 483 

2692 83 - - 857 199 - -
4 009 18, 1,055 496 1,129 197 1,232 15 

2,901 312 380 1 1,199 580 - -
3,719 325 1.532 8,580 2 488 7,818 1,483 55' 

3 058 68 1,442 930 3,185 323 - -
4,373 489 952 136 1,613 589 1,169 1 

try9 

SORGHUM COFFEE SUGARCAt-.E BANAMS 

Yield Prod Yield Prod Yield Prod Yield Irod 

'0' 774 372 167 171 889 1147 'fA " - - 840 73 69489 1925 'fA 18, 

548 2 376 86 43 174 1,317 NfA 380 

860 215 714 1 45,441 2,667 'fA " 
716 50 - - 100,683 2,608 NfA 44 

411 11' - - 74.222 393 'fA 147 

733 1,843 - - 83.760 1,388 NfA 81 

850 384 504 54 30 306 1252 'fA 747 

1,496 517 875 209 63 30] 468 NfA 322 

- - 316 7' 89 439 612 NfA 78 

- - 384 122 43 10) 540 NfA "0 

- - 36' 12 - - l./A 70 

- - 150 1 1,000 8 NfA 10 

621 131 234 3 27 624 187 'fA 2. 

665 26 330 257 55,289 398 NfA 191 

620 3 590 367 3 51 606 697 NfA -

- - - - 6 848 17 NfA 4 

593 9,546 546 88 50 724 142,600 NfA 3452 

603 291 - - 35,036 23567 NfA 10. 

- - 419 164 83 003 14,669 'fA 3 017 

- - 625 5 41,426 700 'fA 425 

- - 883 57 49427 24 422 N/A 1357 

1,716 217 - - 50 329 15 644 NfA 1,382 

1 413 2 - - - - 'fA -

- - - - 81,437 7 414 'fA 112 

1,067 9 - - 108 353 965 NfA -
895 5 - - 34 042 135 NfA -
- - - - - - N/A -
971 61 - - 10,735 50 NfA -

1.436 200 - - - - 'fA 4 

- - - - - - 'fA 21 

2,457 541 488 1,079 45.300 96,991 NfA 7,392 

2,395 396 610 506 49,838 19,143 NfA 1.035 

1,862 23 992 84 59659 2,302 NfA 1,210 

1,221 157 1,306 193 80 )10 2,972 NfA 53 

1,397 84 530 144 77,131 5.29l NfA 523 

- - 600 1 55,096 3858 NfA 5 

826 46 462 52 31,564 1 551 NfA 1 387 

2 716 2,125 565 212 70 335 34,292 NfA 1217 

'34 57 555 47 66,736 2396 NfA 310 

1 846 129 - - 39,051 325 NfA -
1,480 114 186 51 73 064 5,625 NfA 896 

2,677 5 425 - - 50,894 15745 NfA 350 

- - - - - - NfA -
2,958 26 410 54 161,541 9,041 NfA -



based pr1mar1ly on exist1ng agr1culture. N1ger1a was picked due to its 
s1gn1ficance 1n th1s reg10n and 1tS rap1d development. The ch01ce of a 
country 1n South Asia was clearly between Ind1a and Pak1stan. S1nce it was 
1mposs1ble to choose between them on the bas1s of ava1lable 1nformation, 
both countr1es were reta1ned for further considerat10n. In East Afr1ca, on 
the other hand, the countr1es are predom1nantly r1ce producers and 1t was 
dec1ded not to 1nclude any of them for th1s reason. Both Lat1n America and 
the Near East offered many good cand1dates for a case-study country. Of 
the Near East countr1es, Egypt has relat1vely h1gh Y1elds, surpassed only 
by Turkey. The latter was not cons1dered a good candidate, however, due to 
the predom1nance of very small farms and a cont1nu1ng need for better 1rri
gat10n. Egypt was chosen for 1tS well-developed system of cooperat1ves and 
use of double-cropp1ng techniques, offer1ng good poss1b1lit1es for the 
future. Trop1cal Lat1n Amer1ca is the b1ggest user of agr1cultural airplanes 
and presented the most d1ff1cult ch01ce of countr1es. One obv10us cand1date 
1S Mex1co, with 1tS great divers1ty of crops and climate. Much attent10n 
has been placed on Mexico's agr1cultural development. Part1cularly notable 
are her successes 1n commerc1al farm1ng and her technological advances 
(Ref. 43). A second country was selected to represent the tropical countr1es 
of South America. After some d1scuss10n w1th agr1cultural spec1alists, 1t 
became apparent that Colomb1a would be a good ch01ce to study 1mpacts of 
agr1cultural a1rcraft. Colombia produces all the crops for which stat1st1cs 
were gathered in s1gn1f1cant quant1ties, and 1S oriented towards mechaniza
tion of her agr1cultural sector. Colombia 1S second to Mex1co 1n 1tS agr1-
cultural aircraft fleet, and has been a large market for a1rcraft of US 
manufacture 1n recent years. Finally, the select10n of Argentina for the 
temperate South American region was 1nfluenced by its large S1ze and ext en
S1ve use of ag-a1rcraft. 

At th1s p01nt, further data were gathered for the eight cand1date 
countr1es to support the f1nal select10n. Table AlB shows bas1c data for 
these countr1es. 

The countr1es vary w1dely in terms of the share of land area devoted to 
agr1culture, shown as Item (9) 1n Table AlB. Ind1a can be seen to be 
1ntensely cult1vated, wh1le Egypt's share of land under cult1vat10n 1S very 
small, cons 1st 1ng of only that wh ich 1S 1rrigated. The "other" category 
1nd1cates land for further expanS10n of agr1culture, keep1ng 1n m1nd that 1t 
also cons1sts of mounta1ns and other unusable land. Colombia has the h1ghest 
share of forest and woodlands, some of which could be made into agr1cultural 
land. 

Agr1cultural employment, Item (3), provides a measure of the importance 
of agr1culture 1n the l1ve11hood of the work force. The labor 1ntens1t1es, 
Item (15), of Colombia, Mex1co, and Argent1na are lower than the world average, 
a poss1ble 1nd1cat10n of 1ncreased mechan1zat10n. The most rap1d 1ncreases 
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N 
o ...... 

Population (1000's) 
(1) 1976 Total Population 
(2) 1976 Economically Active Pop 
(3) 1976 % of Econ. Active Pop in Agr. 

Land Area (1000 Ha) 
(4) Total Area (1975) 
(5) Land Area 
(6) Arable Land 
(7) Perm Crops 
(8) Perm. Pasture 
(9) Agricultural Land «6) + (7) ) 

(10) % of Land in Agr. «9)/(5» 
(11) Forest and Woodlands 
(12) Other kt d 

Population Density 
(13) Overall Density «1)/(5» 
(14) Agr. Density «3)x(2)/(6)+(7)+(S» 
(15) Agr. Density (not including perm. pasture) 

«(3)x(2) / (9» 

Food Production 
(16) 1976 Index of Total Food Production 
(17) 1976 Inde~ of Per Capita Food Production 

Irrigation 
(18) 1975 Area (1000 lIa) 
(19) % Agr. Land Irrigated «18)/(6)+(7)+(8» 

Living Standard 
(20) 1974 Per Capita Calories/Day 
(21) 1974 Per Capita Protein (Grams/day) 

Mechanization 
(22) 1975 Tractors in Use (1000) 
(23) Tractors per 1000 Fa of Agr 

* = Unofficial figure 
F = Forecast 

Area «22)/(8)+(9» 

TABLE AlB 

IlASIC COUNTRY DATA 

Nlgerla Sudan Hf'X1CO 

64,887 18,850 61,196 
25,193 5,922 17,663 

56.9% 79 0% 39 6% 

92,377 250,581 202,206 
91,077 237,600 197,255 
22,765F 7,450 26,220 

985F 45 1,780 
20,750F 24,000 67,000 
23,750F 7,495 28,000 

26% 3% 14% 
31,069 91,500 71,600 
15,508 114,605 30,655 

0.71 0.08 0.31 
0.32 015 o 07 
0.60 o 62 o 25 

119 173 158 
85 117 104 

15* l,500F 4,479 
.03% 4.8% 4.7% 

2,081, 2.071 2.725 
46.4 60.5 67.0 

7.5 8.8 140.0 
o 17 .28 1.47 

') 

Colombia Ar';entlna Lgypt Indla Paklstan 

26.713 25,719 18,429 628,60B 72,859 
7,913 9,805 10,780 245,104 20,167 

31 ');; 14 2% 52 0% 66.0% ';5 5% 

113,B9l 277 , 689 100,145 328,043 80,394 
103,870 274,669 99,545 296,608 77 ,872 

3,(,20r 24,650F 2,730F 162,500F 19,280F 
l,510F 9,900r 132F 4,700F 170F 

17,350F 11,3,700F - 12,550F 5,000F 
5, 'JOT' 34,550F 2,862F 167,200 19,450 

5"' 13% 3% 56% 25% 
77,190* 60,700F 2 67,400F 2,800F 

4,200 35,719 96,681 49,1.58 50,622 

o '16 009 0.39 2.12 0.94 
0.11 o 01 1.96 0.90 o 46 
0.48 o 04 1 96 0.97 o 58 

162 138 144 137 172 
106 116 105 100 117 

7C)JT 1,800 2,855* 32,300F 14,300F 
1 2% 1.0% 99.8% 18.0% 58.5% 

2,182 3,406 2,634 1,950 2,132 
47.1 107.3 70.7 48.1 57.5 

31.5 188 0 21.5 227 7 38.0 
1 40 1 OS 7 51 1. 27 1. 55 



In total per-capIta food productIon, Item (17), SInce the early 60's have 
taken place in Sudan and PakIstan, both of moderate agrIcultural employment 
densIty. The extent to whIch thIS IS related to IrrIgatIon IS dIffIcult to 
assess. 

In spIte of rapId progress In agrIcultural output In PakIstan, Sudan 
and IndIa, these countrIes stIll fInd It dIffIcult to feed theIr populatIons. 
As seen In Item (20), only Argentina provIdes nutrItIonal levels comparable 
to developed natIons, WhIle the remainIng countrIes are consIderably behInd. 
From Item (19), It IS apparent that Egypt IS hIghly dependent on extensIve 
IrrIgatIon to achIeve ItS hIgh outputs. Heavy fertIlIzer use In Egypt, 
ColombIa and MexIco IS also an Important factor. 

An Important IndIcatIon of the possIbIlItIes for 1mplementlng agrIcul
tural aIrplanes IS the extent to whIch a developIng country has adopted 
mechanIzatIon. One of the results of mechanIzatIon IS the creatIon of a 
supportIng Infrastructure, such as a skIlled labor pool, a fuel and spare 
parts dIstrIbutIon system, and an Improvement In the marketIng system. 
These support roles are partIcularly Important for aIrplanes, wIth theIr 
hIgh InItIal cost compared to s1mple farm equIpment. Use of mechanIzatIon 
In farmIng should lead to lower costs, or at least an awareness of the 
costs Involved. ThIS IS partIcularly true of agrIcultural aIrplanes whose 
hIgh InItIal cost must be offset by benefIts not only due to theIr greater 
productIvIty, but also due to theIr abIlIty to mInImIze rIsk of crop losses 
and to expand operatIons. 

Use of machInery IS usually fIrst undertaken on large farms. Farm SIze 
IS a partIcularly Important crIterIon for USIng agrIcultural aIrplanes 
because of problems In turnaround. Data on farm SIze are not readIly avail
able, although they have been publIshed In prevIous FAO Yearbooks. Instead, 
data on tractors was used as an IndIcatIon of the potentIal for USIng ag 
aIrcraft. The number of tractors per agrIcultural area, Item (23), is rather 
small (except for Egypt), partIcularly when compared to the UnIted States. The 
numbers are somewhat dIstorted by IncludIng permanent pastures as part of 
agrIcultural area. Although the magnItudes of the tractor fleets, Item (22), 
are dIfferent, the growth rates present an InterestIng pIcture. WhIle fleets 
In IndIa, PakIstan, Sudan, and NIgerIa have been growIng rapIdly, the fleets of 
ArgentIna, MexICo, ColombIa, and Egypt have been exhibIting a slower and 
steadIer growth, not unlIke that of the developed countrIes. In fact, the 
number of agrIcultural machInes In use by the US has been declInIng, partly as 
a result of theIr Improvements In productIVIty. 

The agrIcultural aIrcraft fleet data are shown In Table A19. The data 
are not as complete as those for surface machInery. PartIcularly notable 
IS the large number of aIrcraft delIvered to ColombIa In recent years. It 
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N 
o 
w 

Argent1na 

Colombia 

Mexico 

Egypt 

Sudan 

N1geria 

Ind1a 

Paklstan 

TABLE A19 

AGRICULTURAL AIRCRAFT FLEETS AND DELIVER IES BY U. S. tlANUFACTlJRERS 
FOR CASE-STUDY CANDIDATE COUNTRIES 

De11ver1es by u.S. Hanfacturers 
(103 ha) Fleet Slze 1n 1973-76 Area Treated 

539 90 5000 

280 140 2563 

800 6 2750 

23 a 1350 

50 10 1300 

- - -
50 - 2550 

50 17 2129 

Utilization 
(ha/A/C) 

9,276 

12,322 

3,438 

58,696 

26,000 

-
51,000 

42,580 



1S not clear what portion of the recent del1veries is included 1n the fleet 
Slze, Slnce two different sources were used for th1S 1nformat1on, so these 
numbers should be v1ewed as 1ndependent of each other. 

The uses of surface mach1nes and ag a1rcraft are compared 1n Fig. AS 
wh1ch shows the1r numbers per agr1cultural area, not 1nclud1ng permanent 
pasture. Argent1na, Mex1co, Colomb1a, and Egypt have the highest surface 
mach1ne use of the cand1date countr1es, and are also the leaders 1n agr1cul
tural a1rcraft use. Of these countr1es, Colomb1a and MexIco rely more on 
a1rplanes (as measured by a1rplanes/surface mach1nery) than the other 
develop1ng countr1es 1n th1S group. In fact, they even exceed the relat1ve 
use of aIrcraft 1n the three developed countr1es shown. 

Based on the preV10US d1Scussion, Colomb1a and MexIco were reta1ned as 
f1nal cand1dates for the case study. In order to make the best poss1ble 
selectIon, a VIS1t was made to the World Bank 1n Wash1ngton, D.C. to d1SCUSS 
the two countr1es. An assessment was made of ava1lable data sources through 
contacts at the Bank, at the World Bank L1brary, and the Wash1ngton Embass1es. 

The f1nal cr1ter1on used to make the cho1ce was the 11kelihood of the 
country becom1ng an 1mportant market for US-manufactured a1rplanes. As men
t10ned earl1er, Colomb1a has been a large purchaser of US-made airplanes 
1n the last three years. Expected expans10n of Colomb1a's agr1cultural 
sector suggests a cont1nuat1on of th1S trend. The presence of recent 1mport 
restr1ct1ons on US-made a1rcraft 1n MeX1CO has Ilm1ted the potent1al of that 
market. Uncerta1nty concern1ng the future env1ronment, therefore, makes 1t 
more d1ff1cult to project the market 1n that country. 

A var1ety of crops are grown 1n Colomb1a, of wh1Ch r1ce, cotton, and 
bananas seem most amenable to aerial appl1cat1on. Data are ava1lable 1n 
the Colomb1an a1rcraft reg1stry for types, numbers, and areas treated by 
crops, for 1nd1v1dual a1rcraft. The agricultural sector 1S very well 
documented, w1th deta1led 1nformat1on concern1ng areas, product1on, fertll-
1zer use and pest1c1de appl1cat1on, by crop and reg1on, among other data. 
It was, therefore, recommended that Colomb1a be chosen as the country for a 
case study of the ag-a1rcraft market 1n develop1ng countr1es. 
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Falcon Field 
Mesa, AZ 85205 

Federal Aviation Administration 
Office of Policy 
Attn: Dr. Mervin K. Strickler 
Washington, DC 20591 

Boeing Vertol Company 
Attn: Mr. Ken Waters 
Mail Stop P32-18 
P. O. Box 16858 
Philadelphia, PA 19142 

The Fertilizer Institute 
Attn: Mr. Ed Wheeler 
1015 10th Street, NW 
Washington, DC 20001 

Central Washington University 
Attn: Mr. Richard D. Wood 

Director of Aerospace Studies 
Ellensburg, WA 98926 

University of California 
Attn: Mr. N. B. Akesson 

Agricultural Engineering Dept. 
Davis, CA 95616 

1 

1 

1 
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Schapel Aircraft Company 
Attn: Mr. Rod Schapel 
P. O. Box 60039 
Reno, NV 89506 

USDA-ARS 
Attn: Mr. P. A. Boving 
3706 West Nob Hill Blvd. 
Yakima, WA 98901 

Delavan Manufacturing Company 
Attn: Mr. Bob Caviness 
3309 S. 95th Street 
Fort Smith, AR 72903 

Mississippi State University 
Attn: Dr. Ernest J. Cross, Jr. 
Professor and Director -

Research Laboratory 
Mississippi State, MS 39762 

Spraying Systems Company 
Attn: Dr. Verne Dietrich 
N~rth Avenue at Schmale Road 
Wkaton, IL 60187 

Dow Chemical Company 
Agricultural Products Dept. 
Attn: Dr. Jim B. Grumbles 
12700 Park Central Place 
Suite 600 
Dallas, TX 75251 

Piper Aircraft Corporation 
Attn: Mr. Charles Diedendorf 
P. O. Box 1328 
Vero Beach, FL 32960 

National Agricultural Aviation Assoc. 
Attn: Mr. F. F. Higbee 
Suite 459, National Press Bldg. 
Washington, DC 20045 

Air Enterprises, Inc. 
Attn: Mr. A. F. Johnson 
Route 1, Box 13 
Magnolia, DE 19962 

No. 
Coples 

1 

1 

1 

1 

1 

1 
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Lane Aviation, Inc. 
Attn: Mr. George Lane 
P. O. Box 432 
Rosenburg, TX 77471 

Cessna Aircraft Company 
Attn: Mr. Harvey O. Nay 

Chief Engineer 
P. O. Box 1521 
Wichita, KS 67201 

Mr. Kenneth Razak 
310 Laura Street 
Wichita, KS 67211 

The Dow Chemical Company 
Attn: Mr. C. A. Reimer 

Agricultural Dept. 
P. O. Box 1706 
Midland, MI 48640 

University of Kansas 
Attn: Dr. Jan Roskam 
Center for Research, Inc. 
2291 Irving Hill Road, Campus West 
Lawrence, KS 66045 

M & M Air Service 
Attn: Mr. G. F. Mitchell, 
Route 5, Box 890 
Beaumont, TX 77706 

Cessna Aircraft Company 
Attn: Mr. Dean Noble 
P.O. Box 1521 
Wichita, KS 67201 

Pingrey Brothers, Inc. 
Attn: Mr. Everett Pingrey 
P. O. Box 247 
Arbuckle. CA 95912 

Mid-Continent Aircraft 
Attn: Mr. Richard Reade 
Drawer L 
Hayti. MO 63851 

Jr. 

No. 
Copies 

1 

1 

1 

-" 
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EMAIR 
Attn: Mr. George A. Roth 
Harlingen Industrial Airport 
Hangar 38 
Harlingen, TX 78550 

Delavan Manufacturing Company 
Attn: Dr. R. W. Tate 
811 Fourth Street 
West Des Noines, IA 50265 

Union Carbide Corporation 
Attn: Mr. J. L. Taylor 
Box 8 
McAllen, TX 78501 
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