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"'.A. <:ons ts>,J,. an~ A.S. Hotlj!1'0n 

n,.n~rt,..,nt ,,~ Agr i cultnrP >1.s.w. 

1'1a rra'>ri 

A rf'~enrc-h oro~Pct cn1'10a rin11 rlr!n lrr1~st1on with thP stanitard furrow 

1<yAt"" st:trt"d In thP 111A'\/R4 st>a•nn ;it N11rra l>r1 A11rfc-ultural R4-seare1' 

Sta tlon . Or! p i rrl$!t1r1 on """ hpc-ol!le non11l"r in rPgl<>M with low or PXDen•lvP 

wate r ~noolv . P~ 1>ec!;il lv h rt1Pl, wlu•re e fftc!Pnt UAR of lrrt,1111 tlon water 1s 

Jmrortant. Thp nrfnciplP 1R to havP a •unplv of wnter provided ln plpe11nPs 

within thP crnp . Thus watPr Is Rnpp11Pd In !<m8ll ~1Ponnt11 daflv, r Ather than 

lJtrr.P _,,,,,unt $ et lnf rPquP nt Intervals aR 1R thP caSP wftl> furrow 1rriR"tlon. 

Thp ,,Im of thP r<"""A rch pro1E'ct iii t<> it1rP.ct1y cnmrarE' st1u11lard furt"nw 

1rr1,11atfnn witl> tvo tVt>P!I of Arip lrrl1u1tlon (<>"ove and helow grounci 

rlr fopprs) i n nne PXJ'Pri ,....nr. rrop anti anll narBtllPte r~ w1 11 be 110n1torE'~ so 

that thP rea~on~ fn r Any v1P1d dlfferPnCPS can he orec15pJy estehl!sheA. 

ThPrP hAve hePn t1\ip l rr f P,Ated cntton crops in the NBntoi and St. r ... nrpP. 

arpas Fnr the naRt two sPaRonR. ~owevPr. furrow a~d dr1p lrri~11tlon havp not 

vPt ~en COWlpAred In the ~nme fi e ld. Precise vtPld COlllDa riaon~ hetwpen 

furro>1 an<i drip tovR tE>m• are assenrla l for econnntfc assP111t10<'nt . s 1ncn the 

cos t of thf' pump, f11t.,rs and st•pply Jln~s for the lfrtp "VSt<>m m11aPs that 

a"out 2 extra l,i.l •a of cotton p<'r hPctare pPr year are reau1red to nav for 

thP 1nltla1 l'lltlay. 

The potentia l hPnP.fits of drfp !rr1p.atlon comnRrrd to furrow lnclutle : 

I. More efflc1 E>nt uae of water - espeda lly for • drl p lrrt11;11.tton 

system fE>d lfl rect ly froao a ...,re vhere ther e would he no losses 

from supply channel, hea~ ditch or tailwater. This improved 

w:iter eff iciency Js Important since there arp often ahortagea 

of irri~atlon water fn many of t he dams supply1nR the cotton 

areas. 

2. Less vaterlog~ing foltow1n~~rr1Rat1on or rain. 

1. More precise control over the a pplt catlon of water and fartilteer. 

4. Tiie application of syatemic insecticides throu~h the irrigation 

ayste111. 

~- Mew develoomente on steep country or on eoll of var1ahle texture 

cJtn he uti lised for cot ton production: 

' 



• 

,. 

313 

As e consequence of these benPftts, there have heen reportA f rom 

Arlzona and lsrael of 2.S bale/ha advantagea of drip irrfgatlon over other 

1rrigatfon methods. "n\eoret l cal yiel d advantages t n Auatralia co.e froa 

avotd1ng wa t erloggtng, Other than provldtng an unbiased dlrect comparison 

hetween the different aystema, this experiment will aid a number of resea r ch 

progra111s. The drip irrl11atton facl lity wl 11. contribute grea t ly to the study 

of wate r loggtng, nutrttton, water r elations , physiol ogy of f ruiting, pear 

lllanagement a nd ,11:enotype evaluation. The e~periment wil 1 cont inue for at 

least three seasons. 

Results 191!3 /84 

Plantfng in mid Octoher followed extenaf ve rain rlurf ng winter and early 

spring, ao there were no difference• in establiehment het .... en drip and 

furr ow irrigation systems. 

Further heavy ra in in January created extene1ve vaterloggln~ i n !!!. 
treatment• and delayed the application of nitrogen to drip irrigation 

trea tftents. This delay waa pr obably an advantage tn the season as it turned 

out: the sustained cloudy weather a ffected tat! rank crops t he moat by 

delaying their boll aettin~ . 

The measured pattern of nitroge n uptske in the experiftent is shown in 

Fi gure !. 
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Figure l , Measured nitrogen uptake from furrow irri gated (~) 
and drip i rr\gated (---) cotton in l98J/84. N applfed t o dr i p 
t r eatments i n Dec and Jan, 

The unfavourable weather in January ·a~verely restricted nitrogen uptake i n 

all treatmente. Aa a re1ult, nitrogen uptake continued late in the aeaaon 

and created a ..... e undee i rable, though ... nageable top growth. An idea.I pattern 
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of nitrog,.n uptake during the season has been presente<I in another a rticle. 

I t was aimed to use this tdeal pattern in the 1983/84 s eason to schedule 

nit r ol';en a ppl ications tn drip irrigation treatments. Continued rain 

interfere<! with th!• schedule, but it appeara to be • worthwhile approach. 

The yield of each treatment tn the J983/84 season ta shown in the 

following tahle! 

Treatment Lint yield kJ>;/ha 

Pick I P'fck 2 Total 

SurfacP. drip - Netafim 'Gadaah' 1587 8:1 1670 

Burted drip - RIS 'Jlivall' 1539 129 166R 

Furrow i r rigatlon 1533 117 1620 

As c8n be seen, 11ethod of irrigation ln this wet season has influenced yield 

very little. The small non aignificant <ltffere nces in yield are more likely 

due to the different pattern of nitrogen uptake. 

Comparison between above and below !tound drip systems 

1. An above ~round drip system is 'portable', i.e. a rotation can he 

practised, using th• ss•e equipment. Farly season 1rriRatton csn be less 

e ffective , aa some of. t he water a pplied t o the furrow i s loet throuRh 

evapors tton. Inter-row cultivation !s .Ufficult, as the drip lin<ea fn the 

f urrow i nterfere with t raffic. 

2. A buried drlp syate11 fa not port,ahle and penunent beda/mtnh11111 

t il lage cultivation ts neceasary for the li fe of the system. However 

int•r-row cultivation ia not i~atred. Earl' season irri gation ( from s owinR 

to January) is more effective than With above ground drippers. 

Given these difference•, the beet s ystem would depend on the particular 

circu~stances at each site : e.~ . dtaeases , veeds, soil type, surface 

conditions etc. I t may be that a mixture of above and be low ground drippers 

on aome fanu would be the 11ost efficient c01tpromiu. 

.. 
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Review of Potential henefits 

I. Water use efficiency. There are neil1gf hle losses of water from 

withi n a drto lrr1gat1on sya tem - probably ahout5% . tosses f rom fu rrow 

1 nlRatlon systelll! are usually 20-3('1% • 

2. W.terlogaing. There ls a ~0/50 chance of dri p or furrow 

Irrigation heing 1110re water locged by heavy rainf all: If it rains just prior 

to when a furrow irrigation fe due, it will he more capable of accepting the 

water before hecomlnR waterl ogged. The vatertogging tha t occurs a f ter fur row 

i rri gation is avoided by drip lrrtgatlon. 

l. ?ertiliaer. There are potential benefits in fe rtt116er econo,,,y 

with drip irrigation. Savings can be m~rle on nltroRen fertilis er costs hy 

only apply i ng nitroRen when lt is required. These savinR~ would not pay for 

the coat of a drip trrigatton system. Addi tion of higher rates of fertilis e r 

~uring the season c•n he applied easil y - ff requlred. 

4. Yield. A wet envl ronment does not j~attfy the use of drip 

i rr igation. The benefi ts of drip irriga tion in • dry season are ye t to be 

evaluated in thia project before fine reeolllaf!nda t lons can he .ade, howeYer 

it seelU tha t advant•Rea in yield in e~cess of 2 bales/ha Are required in 

dry seasons to make up for the lack of advantage in wet eeasona . 
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IRRIGATION DEMONSTRATIONS - EMERALD 198g/83 

'ii .D. Hamil ton 

Dept. of Primary Industries, Emerald, Ql.d. 

Cotton yields in the Emerald Irrigation Area (~.I.A.) have 

nuctusted considerably during the lallt tive season. Following an average 

yield in excess of 4.5 bales~ in 1980, district average yidds fell to 

about 3.3 bales per hectare in 1981 and 1982. Irrigation manageiunt 

appeared to be part of t .be proble111 80 irrigation de110Dstratioa/moni to ring 

sites w.:re established throughout the district. These sites were ai111ed 

at demonstrating the i111portence or irrigation management and evaluating two 

methods of irrigation scheduling; the simple water bal1111oe approach and the 

neutron moistlll'<! meter (N.M.M.) approach. Careflll 1110Ditoring of crop 

developlll9nt helped IUIBHS crop growth u the GellllOn progressed and high­

lighted t he effects of the irrigation treatments. 

Four sites in the di.strict were chosen aa demonstration sites. 

These sites were located so that farmera trom the various socio/geographic 

groups in the district had rea<11 access to a delllOllstration area. At each 

site, two irrigati011 treatlllellts were i9p0sed. One area vae frequently 

irrlp.ted; irrigated at an 80 • • deficit, while the other area va.s in­

frequently irrigated; irrigated at a 120 mm• deficit. At each site, 

changi!S in soil water content were folloved with the neutron moisture meter. 

Plant height and fruit production were regularly 111eaaurad • 

.lt oa.e of the ai tu , the \/al t tr ai te, a third irrigation strategy 

""" illpoaed; app1y the first irrigati011 at first nowera. Thia had become 

COIDl!leroial practice in the district. Detailed information vill be presented 

from the \/alter site. The other three sites produced similar reeults. 

CrD'J? Yields. 

Table '\ shovs the yielda •aeored at the '1alter site. These 

yielda vere measured a!ter co!Dllercial ginning. 

• Thia deficit ia calculated using a ai1111le water balance approach. See 

Yule ad Keeter pm.per for details. 

' 
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Irrigation 
Deficit 

8o .... 

12.0 mm 

Delayed • 

317 

!ielda f'roe the Wa1ter Si to (l.982j83.} 

Number of Irrigations 

6 

3 
I+ 

Yield 
balee/ba. 

'l· 5 
6. 6 
5. 5 

• 'l'lrie treatment received ite first irrigation when flowers first appeared. 

Subsequentl.y, the treatment vae irrigated at an So """ deficxl.t. 

ment. 

Crop yields vere highest in the lllOBt frequentl.y irrigated treat­

The "delayed" treatment produced the pooreat yields despite the 

application ot four irrigatione instead or the three irrigations applied to 

the 120 mm treatment. 

Crop DeTelapment. 

Plant height JleaB\U'tlllltnta indicate hov growth vlll!I affected by 

irrigation treatmenta. Figure 1 ahova the deYelop1111tnt of plant height at 

the Walter site • 

Figure 2 shova the develop.ment pattenl for squares for the three 

irrigation treatments . Sq11a.r11 production wa.e greatest in the 80 111111 treatment 

tbro11ghout moat of th• growing .. aaon. Earl.yin the groving Haaon, th& 

120 m:a treatment produced alight1y fewer squares than the 8o - treat11111nt, 

but square production for the "delayed" treatment vu &eTerely reduced 

throughout December. Later in the sea.ecn, at'ter add January, tbe "d•laJ'ed" 

treat.ent produced aore 11q1:1Area than either of the other treatments. 

Apparently, the early drought streBB reduced square productiQQ ed the plants 

attempted to compensate later in the season. 

nover production patterns aho1111 in Figure 3 reflect the sq11are 

production patterns in Figure 2. Again, the 80 IUI treatment produced aore 

nowers than either the 120 m treatM11t or the 11delqedn treatllOJlt • 
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Compared with the 120 llllll treat~nt, !lower production wa.e reduced in the 

"delayed" treatment throughout December and most of January. BoveTer, late 

flower production ill mid.-February was greater in the "delayed" tre atment. 

By del"ll'ing irrigation until first nowera, the rate of early ficn1er production 

vas reduced but late sea.eon !lover production increased. 

Clearly, at this site , the early (prior to nowering) irrigatio1u1, 

were critical in setting yield potential. Delay in the develop.ut of 

B<luarea, novers and bolls resulted f'rom an earl:; stress and yield vaa 

reduced accordingly. Although the plants attempted to compell!late for the 

poor earl1 prodll(ltion , full ;,.ield potential. was not real.ieed. 

Scheduling Irrigations. 

Table 2 above a aompariaon between the water bal.ance method of 

scheduling irrigations and the 11etbod using the neutron moi sture meter. Th.eae 

comparisons are based on the scheduled irrigation deficit for the water balance 

model and the average refill point measured vith the neutl'OO. meter. The cali­

bration wsed f'or the neutron meter is the one used comerciall:;. 

~- Comparison of water balance model and neutron moisture meter 
f'or irrigation scheduling at the llalter site. 

Treatment Irrigation Predicted Irrigatioa Date• Actual lrrig. 

MODEL NMK 
80 mm De.ticit 1 10/11 not installed ll/.1.1 

2 28/.1.l ( -1 ) 28/ll (- 1) 29/11 

3 17/l.2 (O) 15/l.2 (-2) 17/.1.2 

4 30/l.2 (+3) l/l (+3) 29/l.2 

5 13/l (+1) 14/l (+2) 12/l 

6 25/l (0) 27/1 {+2) 25/1 

1 20 - deficit l l.8/11 not installed 18/11 

2 .15/12 (+1} l.4/l.2 (0} 14/l.2 

3 16/l <- 2) 19/.1 (+l) 18/l 

Delayed until 
1'.!.rst Fl.over a 10/l.2 f'irat flowers 

thon 8o m z 2}/l.2 (-6} 24/l.2 (-5} 29/l.2 
Deficit 

3 13/l (+) 12/l (0) 12/l 

4 25/l (O) 25/l (0) 25/l 

• cliff'e~Qce betveen actual and predicted shown in. pareutheaea. 

Date 

• 
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CJ.ose agreeme11t is shollll betvee11 the schedul.illg •thods. The 
dittere9ces betwee11 actual irrigatio11 date and the predicted irrigation date 

is shown ill pare11theeis. The largest discrepancy between the NMMprediction 

and the water balance lllOdel prediction waa three ds)'s. Tbis occurred at 

the third irrigation ot the 120 111111 deficit treatment. This discrepancy is 

small in relation to f ield variation and demon.strates that both methods can 

adeauately schedule irrigation. Silllilar agreement between scheduling 

methods vas eh01olll at the other sites. 

Comparing Sites. 

Time taken for the various phases of :fruit develop1119nt is eh.ow 

in Figure i.. Both o! the October planted crops took about 60 days to 

reach first flowers while the NO'/'ember planted crops tlavered sooner, in 

50 - 55 d838. Yields vere lover tor the later crape. Rapid development 

through the fruiting phases with later planting may acco1J11t tor aonie reduced 

yield potential. Usually, more rapid fruit development results !rom higher 

temperatures and compared with other cotton growing areas in Australia, early 

in the aeason, Enlerald experiences relativelr b<:lt weather. Obserratione 

sugg,.st that October planted crops baYe a higher yield potential than later 

planted crops at ~rald. 

Conclue:ions. 

1. Delaying the first post planting irrigatioo until noweri11g can 

seriously dela1 fruit set and can reduce )'ielde subetantial.11. 

2. Timing or irrig-.tione ie important. Although the more freq110Ut 

irrigation strategy generall1 produced greater yields et these delllODBtratioo/ 

monitoring sites in 1982/83, re~ irrigations produced satiatactory yields, 

provi<Mld these irrigations were applied at t'he correct titne. 

3. Scheduling irrigations is an important aspect of crop IMllageMnt. 

Eithar a veter balance aodel or the NMM can be uaed to scbadule irriptions. 

For beet results, these methods should be used in cmjunction vi.th 011e another. 

i.. Plantings after mid NoYember at Elleral.d ma: haTe reduced yield potential. 

I aa grateful to the farmers llho willingl.1 oo-operated in then 

de11101u1tratiaiu1, to the Coloton Research Comaittee for prD'l'iding f1111da -d to 

Rllaeel1 Parker for hie assistance in the field • 
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TllE BENEFITS OF ON - FARM SOIL WATER MONITORING AND IRRIGATION 
SCHEDULING FOR IMPROVED WATF.R MANAGEMEtff - CASE STUDIES FROM CO'ITON FARMS 

IN AUSTRALIA. 

DR. PF.TRR CULL 1 , MIKF. STONE 2 , SIMON STRUS~ 2 , GEOFF PRIEST3
, 

AND JOHN WILCOX 

l. IRRIGATION CONSULTANT 
NEUTRON PROBE SERVICES PTY. LTD. 
11.0. BOX 486 
NARRABRI NSW 2390 

3. COITON CONSULTAN1' 
AG-VISE PfY. LTO. 
P.O. BOX 623 
F.\IERALD QLD 4720 

ABSTRACT 

2. COTTON CONSULTANTS 
INTEGRATED CROP MANAGF.MENT 
SERVICES 
P.O. BOX 483 
BILOELA Ql.D 4 71 S 

4. IRRIGATION AGRONOMIST 
Cl- "LEXCF.LDA" 
VIA RAGLAN QLD 4697 

On farm soil water monitoring to aid in irrigation scheduling has rapidly 
expanded in the past three years. The development of a user friendly 
package for soil water monitoring using the Neutron Probe has allowed 
irrigation scheduling to be carried out on an objective basis and 
provided quantitative data to solve water related field production 
problems. The solution of these field production problems can often 
substantially tmprove farm incom~ with little change in inputs. 

The case studies discussed illustrate the use of soil water monitoring to 
schedule irrigations for high yields end to develop detahases to solve 
water related field production problems by coton farmers in Australia. 
The case studies are: 

1, The evaluation of drip irrigation compared with flood irrigation in 
terms of water savings end yield improvements for cotton at Wee Waa, 
New South Wales. 

2. The determination of a whole farm irr~gation efficiency by studying 
channel and tailwater soakage losses for use to aid water ordering in 
periods of limited allocation at Moree, New South Wales. 

3. The quantification of a through drainage problem with furrow 
irrigation on an alluvial soil at Biloela, Central Queensland. 

4. Root pruning or cotton from interrow cultivation resulting in sudden 
wilting and decline in daily water use of cotton crops at Eruereld, 
Central Queensland. 

5. Scheduling of irrigations on compacted soils for high cotton 
yields at Emerald, Central Queensland, 
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INTROlllJCTION 

On fer~, ~u~l water monitor ing t q ai d i n irrigatinn scheduling has 
expanded r11pidly i n the past three yeors. The development of a user 
friendly package for soil wate r monitoring using the neutron probe has 
enabled farmers and consul tants to obtain quantitat i ve data on crop lfflter 
use and root extraction pat terns . This has allowed irrigat inn schedul ing 
to be carried out on an objective basis and for water rela ted field 
produc tion problems to be solved. The solution of these field production 
pr obletr<S can of ten substantially improve farm income with little change 
in inputs. 

The following case studies illustrate typical vater related probl ems 
encountered and solved by farmers and fieldmen using this water 
management package . 

I. THE EVALUATION OF DRIP IRRIGATION 

Dr i p irrigation is a relatively new t echnology t o field crop production 
in Australia and as well, experi ence of its applicacion on cracking clay 
soils is limited internationally. 

There has been t remendous interest in dr i p irrigation by leading cotton 
growers in the Namoi Valley i n the pas t three years. For these cotton 
growe rs dr i p irrigation offers t he potential to increase yields and to 
reduce crop water use and as such would be immediately adapted if t hese 
advantages coul d be demonstrated. Tiiese cotton growers have already made 
all the possible i mprovements to their flood irrigated fields , such as 
laser levelling, shorteni ng runs and using greater vo l umes of water, and 
11111st now expl or e other oppor tunities to overcome the effects of 
waterloggi ng on yi eld and water use efficiency. 

In view of t he limited experience of the appli cati on of drip irrigati on 
on cracking clay soils a l eading Wee Waa cotton grower evaluated 35 acres 
of drip irrigated cotton with a view to expanding to 400 - 600 acres 
should the results of this evaluat ion suggest an economic advantage . This 
was c011tp3red with an i mmediately adjacent f lood i rrigated field which had 
the same cotton variety , soil type and insect management. However , as 
necessarily dic tated by the drip irrigat ion technology, the field 
histor y, fertilizer and wate r management program were different. The 
water use efficiency comparison is concerned wi th in-field water use and 
not conveyance to, or from the heed-di tch or taildrai n of e ither f i eld as 
tbia would not change should th i s dr ip irrigation project go ahead. 

The 1982/83 cotton season was very dry. The seasonal rainfall of 180nun 
would have been exceeded in more than 90% of ell seasons, and as such 
waterlogging effec ts on yield would have been liJ!lited. The Neutron Probe 
was used to monitor crop water use i n both fields and to schedule 
irri gations . The results are set out in TABLE I . 
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TABLE I - Drip Vs. f lood Irrigation of Cotton at We e Waa , 1982/83 

Irrigation water applied 
Water stored in soil profi le 
Rainfall 
Total crop water use 
Yield ba/~c (ba/ha) 
Bales/ha per megalitre 

DRIP 
(mm) 

540 
150 
180 
870 

3. 75 (9.27) 
1.04 

The concl11sions from t his evaluation we re : 

FLOOD 
(mm) 

460 
150 
180 
790 

3.25 (8.03) 
1.02 

(i) Flood and drip irrigation technolo~ies as they currently exist are 
eq11ally, efficient in dry seasons. The drip irrir;11tion system only 
increased yields by increasing the total crop water use . 

{ii) Using drip irrigati on , a greater yield increase and an improved 
water use efficiency in wet seasons woul d be expected when water l ogging 
effects on yield would be greater, This has yet to be evaluated, 

(iii) The costing requires an average of approximately 0.75 ba/ac yield 
increase a t costs of $350/bale of cotton and drip system cost of 
~l,200/ac for this prnject to go ahead. 

(iv) The cotton grower has evaluated, using Neutron Pr obe soil water 
monit oring and consul t ing inputs, t he yield improvement and water saving 
opportunities of drip irrigation in comparison to a currently operating 
flood irrigation system. The agronomic and costing constraints are now 
known. This cotton grower is already one of the consistently highest 
yielding growers and is anxious to further improve. If economic 
circumstances change the data is available for this project to be re­
evaluated and to go ahead immediately. 

2. THF. DETERMINATION OF WHOLE FARM IRRIGATION EFF'ICIEllCY 

In seasons of limited al location a knowl edge of whole farm irrigation 
efficiency is important in planning t he planted area in relation to the 
available allocation and to calculate the exact quantity and timing of 
water deliveries to t he farm pump site, The whole farm irrigation 
efficiency being the proportion of water ordered and delivered to the 
pump site, to t he water which actually enters the crops root zone. 

In the 1982/83 cotton season, cotton growers in the C,.,ydir Valley at 
Moree had a limited allocation at planting time. Prior to plant ing 
growers needed data on yield expectations for various quantities of 
applied irrigation water and whole farm irrigation efficiency, in order 
to determine the maxi mum possible acreage that could be planted for a 
given water allocation and level of risk acceptance. 

Also these groups needed to minimize mid-season storage and channel 
evaporation by delaying water orders f or as long aa possible and then 
only ordering exactly the volume required for each day of the irrigation. 
This requi red that the exact moisture status of the crop root zone be 
known as well as the whole farm irrigation efficiency. Overordering, "to 
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be on the safe side", would be avoided. The necessary da tn was no t 
avai lable and a Moree cot ton grower obtained the data during the 1982/83 
cotton season , for future use on t he farm . 

TI\e 1nput s of water onto the farm were storase on hand, allocation and 
rainfall , TAilLE II (a) . By decreasing the interval between Neutron 
Probe readi ngs during rainy periods it was possible to accurately 
determine the quantity of rainfal l that infiltrat ed the field on whi ch it 
fell and the quantity of runoff frOQ recent ly irrigated fields. 

The outputs of water from the farm were evaporati on , soakane and crop 
evapotranspiration, TABLE II (b), 

Evaporat ion was calculated as the surface area of storage, channel, 
taildrain or field under irrigation, mu l t i plied by the U.S. Cl ass A pan 
evaporat i on for that day. 

Soakage was determined f rom Neutron Probe measurements il!tlllediately before 
and after each irrigati on taken from aluminium access tubes placed in 
channel bottoms and taildrains. 

Evapotranspiration was determined by measuring the field soil water 
content illllllediately before and af t er each irrigation using the Neutron 
Probe. 

When balancing the inputs and outputs , TABLE I I (c), a realization of 
necessary system des ign improvements which had not been previously 
considered was highlighted. The iJllprovenients included the need to s pl it 
t he mai n storage to reduce surface evaporat i on in years of l imited 
allocation, further gate installation to re-route water in the channel 
system, and i ncreased pump capacity on tailwater lift pumps. 

TABLE II - Whole Farm Water Use at Moree, 1982/83 

(a) INP\11'S 
(M.1) 

1,249 
2,505 

614 
36 

4,404 

(b) OUTPUTS 
(Ml} 
145 
467 

475 

3,317 

Storage on hand 
Allocation 
Rainfall i nfiltration 
Rainfall runof f from irrigated fi el ds 

Tm'AL 

Evaporation in storage prior to September pre-irrigation 
Evaporat ion i n field , tailwater and channel s 
Soakege in tailvater and channels 
Losses due to system design and operation which can be 
eliminated 
Evapot11anspiration -

TOTAL 

1,168 Ml 
712 Ml 
489 Ml 
948 Ml 

Pre-irrigation 
First crop i rrigation 
Second crop irrigation 
TI\ird crop ~rrigetion 
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(c) WHOLE FARM IRRIGATION EFFICIENCY 

Current Farm Eff iciency 

Possible Farm Efficiency with 
i~proved irrigation design 

3,317 
4,404 

3,317 
4,404-475 

75~ 

84% 

In this fa rm study, 75~ of the wa ter ordered anrl del iver ed t o the pump 
site actually ente red the crop root zone for crop evapotrnnspiration. 
Hodification of the current system design could e liminat e a loss of 
475 Ml and increaso the efficiency to a possible 84%. In the previous 
1981/82 cotton season this farm produced 0.71 ba/ha/Ml of irrigation 
water and rai nfall which at $350/bale of cotton means each megalitre of 
water has en opportunity cost of $110. Then in this 1982/83 cotton season 
approximately 550 ,000 could have been spent i mprovi ng the current 
irrigat ion system. S:iJ!lilarly, earl y ordering of water "to be on the safe 
side" results i n up t o SMI / day evapor at ion l oss i n t he far111 s t orage or an 
opportunity cost of SSSO/day, 

The benefits of quantitat ive irrigation water management us ing a Neutron 
Probe also became clearly apparen t from this study: 

(i) 
(ii) 
(iii) 

( iv) 

(v) 

Reduced watorlogging/over-wateri ng problems 
Extend irri gation interval with confidence 
Particularl y useful to know when to start irrigat ion again after 
rain 
Know exact quantity of wa t er required for each f iel d for each 
irrigation 
Once a set of records is established management decisions in times 
of limited al location will be easier . 

3. THE QUANTIFICATION OF A DEEP DRAINAGE PROBLF.M 

A deep drainage problem was being experienced by a farmer using furrow 
irrigation on an alluvial soil at Bi loela, Central Queensland. This 
problem was quant ifi ed by the cotton consul tant at Bil oel a using a 
Neutron Probe, (Figure I) 

There is a progressive increase in the depth of penetration of irrigation 
water W'ith time. The irrigation water reached the lOOcm depth , adding 
78mlll to the soil profile within 5 hours . 

The rate of water advance down the furrow was very slow travelling 
80 metres in 22 hours. Since t here was little differ ence in the 
volumetric soil water content betwen 11 and 22 hours, a virtual steady 
rate of deep drainage through the soil profile has resulted ,;ithin 22 
hour s of irrigation cOllllleflcing . 

Experience by fi eldmen at Biloela has demonstrated that soil ~ater 
extrQction between irrigations doesn't exceed lOOcm for high yielding 
cotton crops, Ideally then, management should increase the water volume 
to the section' of this field bei ng irrigated so as it can travel from 
head-ditch to taildrain within 5 hours. 
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Figure 1. A Deep Drainage Problem at Biloela, Central Queensland 
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4. TI!E ROOT PRUNIG OF COTON FROM INTER-ROW CULTIVATION 

Root pruning of cotton due co i nter - row cultivati on , was observed t o 
result i n sudden vicing and decline in daily water use of coton crops at 
Emerald , Central Queensl and. During i nt er-row cultiva t i on coton hill s can 
be severly damaged and cotton roots exposed t o direc t sunlight and dr ying 
air. Impr operly set cultivati on equi pment or poor wed cont rol from pre­
plant herbicides necessi tat ing a ' heavy' cult i vation, ar e t he t wo main 
causes of r oot pruning. The effects of r oot pruning will be worst on 
compacted soils es the presence of a compacted zone gives rise t o a 
shallower root sys tem with a high densi ty near the surface. 

The effects of root pr uning, from inter-row cultivati on, on the daily 
water use and depth of root extrac tion of cotton at Emerald was 
quantified, usi ng a neutron pr obe , by an Emeral d cotton consulant. 
(Fi gure 2) . 

A pai r of ident i cal f i elds of cotton on the same farm wi th in t he Emerald 
Irigat.ion Area (EIA) , had the same soil lis ter content several days after 
irrisation , as measured by t he neutron probe on 6/ 12/83. In t he 4 day 
period f rom 6-10/12/83 both fi elds had a dai ly water use of Smm/day and 
crop roots extrac t ed water t o a depth of 80cm . Immediatel y af ter t he 
neutron probe r eading on 10/12/83 one f i eld was heavily int er-row 
cultivated whilst t he other was not cul tivated. Subsequent neutron probe 
reading on 13/12/83 showed t hat the daily wat er use of the culti vated 
field had dropped to lmm/day and root extraction did not exceed 50cm 
depth liher eas the uncultivated field maint ained a dai l y liater use rate of 
6lilm/day and root extract ion exceeded 60cm depth, 

Similar observations were made on many f ields throughout t he EIA , It was 
also obse r ved that it took approxi mat ely 6 days f or the r at e of dail y 
water use by the damaged crop, t o attain pre-cult ivation rates. Cotton 
growers with wilti na, root pruned crops, were advi s ed to i mmediat ely 
irrigate . However in fu ture years changing to rol ling cul tivators , bete r 
i ncor porat i on of pre-pl ant her bicides and mor e conSistent bed shapes will 
over come t his problem. 

5. SCHEDULING IRRIGATI ONS ON COKPACTBD SOILS FOR HI Gll COTTON YIELDS 

Low yields wer e experien~ed in the Emerald Irrigation Area (EIA) i n the 
1980/8 1 cotton season. Cotton growers in the area were becomi ng conf used 
and disillus ioned lotit h t he crop, parti cularly af ter t he apparent l y good 
cotton growing conditions experienced in 1981/82. 

Irriga tion schedul ing was final l y impl i cated as being a maj or problem. 
How this beca•e a pr obl em however liBS not clear until a l ocal consul tant 
analysed some of t he data he collected in 1981/ 82 using a Neutron Probe 
and was able t o show t he inability of cotton crops to e xtract water f rom 
the soil in fiel ds with a compaction probl em, (Cul l , 1983) . 

In the 1982/83 cotton season i t \t8s demonstrated t hat high cotton yields 
could be obtai ned in compacted fields by using soil water moni toring wi th 
a Neutr on Probe and careful observation of pl ant appearance to schedul e 
irriaations , (Wil cox and Cul l , 1984) , The demonstr at ion field had a 178% 
yield i mprovement wi t h 6.47 ba/ha compared t o the average of 3.6 ba/ha 
for t he past three years. Thi s also r epresented a 151% yield ilnprovement 
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Fi gure 3. 

Cotton Production St atlstics for the Fluereld Irrigation Area (EIA) 
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compared to the EIA average in 1982/83 of 4.28 ba/ha. This field had 
yielded very close to t he EIA average in each of the pas t three years, 
and as such this 151% yield improvement compared to t he EIA average can 
be consi der ed a substant ial i mprovement . 

In the 1983/84 cot ton season more than 120 indi vidual fields or 
approximantely 2/3 of all fields were monitored with Neutron Probes owned 
by the thr ee cotton consultants worki ng in t he EIA. Individual field 
monitoring enabled irrigations to be appropriately scheduled relevant to 
the previous history of cropping and ground preparation and hence degree 
of compaction. The i mprovement in the total cotton product i on of t he 
EIA was spectacular, (Figura 3). Production increased to 46,000 bales 
and averaged 6.6 ba/ha compared with 1980/81 and 1981/82 production 
levels of 23,000 bales and averaged yields of 3.3 ba/ha . 

'nle importance of indivi dual f ield moni toring to schedule irri gations on 
compact ed soils for high cotton yields is illus trated for two fields both 
classified as t he same soil mapping uni t by McDonald (1981) and whi ch 
would have both had the same amounts of extractable soil water prior to 
the commencement of cultivation. (Figure 4), However field A was severly 
compacted whereas field B was not compacted. Both fiel ds had a simi lar 
soil water content immediately after irrigat ion . Prior to the first 
i rrigation fiel d B extracted 7Scilm of soil water from 60cm dept h, bef ore 
plant stress symptoms indicated a need for i rrigation to avoid yield 
loss, The extractable soil water and depth of root extracti on at t he 
second end third irrigation was the same as for the first . The root zone 
i n this uncompacted field bad reached its N xi- extent pr i or to the 
first i rrigation, 

However by contrast t he amount of ext ractable soil water and depth of 
root extraction that was possible before the seme 20b leaf water 
potential was reached increased between i rrigations, for field A. 
(Fig. 4), Prior to the second irrigation fiel d A had an extrac table soil 
water conten t of 28mm which increased to 42!lll1l ' prior ' to the thrid 
i rrigation but did not increase any f urther for the .fourth end subsequent 
irrigations. Similarly the depth of root extraction i ncreased from 40cm 
et the second irrigation to 60cm at t he third irrigation and did not 
further increas e during the season. 

The collective experience of consultants scheduling irrigations f or 
cotton, or cracking clay soils , using the Neutron Probe, i s that there 
are often larger differences i n extractable soil water between field s on 
the sace soil type due to the cultivation history, than between differ ent 
soil types as classif ied by soil scientists . In other words f ield 
experience has shown i t is more important to know a particular f ields 
cultivation history than its soil type when determining its ext ractable 
soil wat er content for i rrigation scheduling purposes. Every field has e 
unique cultiv.ati on history and hence extractable soil water content which 
must be scheduled for, to achieve high yields. An irrigation schedul ed 
2-3 days late on compacted soi ls can cost 0.5 -1.0 ba/ha yield loss. It 
i s for these reasons that there is no substi tute for individual field 
monitoring when scheduling irrigations on cotto~ crops grown "in" cracki ng 
clay soils. · · 
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CONCI..USIONS 

In striving to increase yiel ds and i mprove on farm water management, 
farmers are increasingl y using quantitative management techniques to 
monitor t he soil water content and to schedule irrigations. These resul ts 
in an increased awareness to water rel ated problems which are limiting 
crop yield of which farmer s were previously unaware 6r unconcerned. 

These water related field production problems always demonstrate the need 
to further unders tand how best to carry out irrigation farming on cl ay 
soil s in a variabl e rainfall envi r onment. In 1111ny instances, no 
information or experience is available and a database for management 
decision making must be developed. 

The case studies discussed illustrata the use of soil water monitoring to 
schedule irrigations for high yields end to develop databases to solve 
water r elated field production problems by cotton farmers in Australia. 
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HOW CAN A COTTON GROWER CHOOSE AMONG THE ALTERNATIVE 
MARKETING OPPORTUNITIES NOW BEING OFFERED? 

George Mason, Special Economist, 
Division of Marketing and Economic Services, 

N.S.W. Department of Agriculture, Sydney. 

Introduction 

Alternative marketing opportunities have receQtly become more 
accessible to cotton growers . This development owes much to the 
improved availability of e l ectronic communication which has 
faci litated contact with both local and internat ional commodity 
markets. 

A cotton grower now has the choice of the following marketing 
alternatives - fo rward contracting, selling at harvest for 
immediate cash payment, the traditional seasonal pool, a call 
pool system, storage for later sale, hedging on the New York 
Cotton Exchange, dollar exchange rate hedging - or a combination 
of these alternatives. 

How can a grower choose among this challenging array of 
alternatives and their combinations ? A solution for ju~t this 
kind of problem is portfolio analysis, an application o~ 
mathematical progranuning. With the ready availability now of 
suitable computing racilities and software for the convenient 
handling or the computations involved, this technique has 
iwnediate application to the selection of a marketing programme 
best suited to the preferences of an individual cotton grower. 

Portfolio analysis, aa the name implies, was originally developed 
fo r selecting portfolio combinations or investments (Markowitz 
1959). Because or th1s historical development and the brevity of 
investment terms these will often be used throughout t he paper to 
simplify discussion. Please note that the term investment will 
often be used instead of marketing alternative; portfolio 
instead or combination or marketing alternatives or marketing 
plan; and investor instead of grower. A dit'ect parallel can be 
drawn between the te r111S in the application or the technique. The 
term portfolio is defined as one investment or a combination or 
mot'e than one. In this paper portfolio will usually refer to a 

combination or t wo or more investments. 

• 
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A special feature of portfolio analysis is that it p rovi des for 
the selec tion of portf olios on the bas i s of two criteria -
minimising risk and maximi sing return. Risk, or variability of 
r e t urn, is measured by the statisti cal measure of variabil ity 
call ed s tandard deviation (s ymbolised by S). 

In analysing r isk, portfolio ana lys is allows f or the so - called 
portfolio effect - that i s if the annua l r e turns of the 
i ndividual inves t ments in a portfolio do not increase or decrease 
exactly in unison (are not per f ectly correl ated) t he s tandard 
devi ation (risk) of t he portfolio i s less than the simple 
weighted average of the individual standard deviat ions, due t o 
a compensatory effect. The resul t of this effect is that risk 
reducti on as an ob jective may often be achi eved by 
diversification of investments (or marketing alternatives) . The 
r isk reducing feature of a por tfol io is demonst r ated with a two­
investment portfolio example i n t he l as t se ction of the paper . 

The output from portfolio analysis is a l is t {or set ) of the 
risk- and return- efficient portfolios . The s i gnificance of the 
expression 'ef f icient portfolio' wi ll become more apparent l ater, 
but briefl y it means a portfolio which has the minimum risk i n 
its r e turn class , or a lternati ve ly, one which has maximum r e turn 
in i ts r isk class . The i nvest or may then select f rom this lis t 
the portf olio bes t suited to t hat persons particular return- risk 
pref erences . 

The basic i nformation required for each investment i s a series of 
T (say 10 or more) annual returns Rt (t = 1,2, ••• , T year s) 
representing the e s t i mated flow of annual returns char acteristic 
of that investment. Often thi s i s simply T years historical 
pri ce data . These data are used to calculate the expected 
(ave rage ) retur n R;, and variance s i 2 (standard deviat ion 
squared) of the ret urns for each investment i (i = 1, 2, • • . ,N 
investments ), and t he covari ance Sij be tween each pai r of 
in' ;tments 1 and J (see technical note (1) , appendix) . 

The next step in the portfolio analys is t e chnique is t he 
for mul ation of a sys tem of mathematical equations which define 

all attainable ret urn-risk values a ssociated with the poss ible 
portfolio combinations. This defines t he so-call ed opport unity 
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s~t of retu rn-risk values. The subset of efficient portfolios i s 
selected from the opportunity se t by quadratic programming or 
linear programming optimisation procedures. 

The paper now presents an exampl e of t he results provided by 
portfolio analysis for the selection of market ing alternat i ves by 
Effingham County, I llinois corn-soybean farmers . The remainder 
or the paper provides an outline of the principles involved in 
portfolio analysis. 

Example of results provided by portfolio analysis 

An example of the linear programming selection of efficient 
marketing strategies for corn/soybean farms in Effingham County, 
Illinois is shown in Table 1 (Klinef elter 1979). The analys is 
has produced a l ist ing or efficient marketing plans (one on each 
line or the table). The return and risk associated with each 
plan appear in columns 2 and 3 respectively. Each marketi ng plan 
is the maximum return solution associated with a specified l evel 
of the grower's risk aversion indicated by the coeffici ent Z in 

column l . 

Discussion of the plans will concentrate on three levels of the 
risk aversion coefficient: Z ~ 0 representing indifference to 
risk (1.e., willingness to accept the highest level of variation 
which occurs i n the returns ) ; Z = .56 medium aversion to risk; 

Z = l.12 extreme aversion to risk. 

The farmer who is risk neutral (Z ~ 0) would contract 100 percent 
of the corn harvest for May delivery .and 100 percent of the 
expected soybean production in July for harvest delivery. 

The medium rtsk averter (Z = . 56) would contract l0.9 percent of 
expected corn production in January for harvest delivery, 4.3 
percent at harvest f or January, 27 percent a t harvest for March, 
and 57 . 8 percent at harvest for May . Since the l ast three 
options represent a decision to contract at harvest , the spread 
of de live ry montbs primarily reflects cash flow considerations. 

• 
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This individual would a lso contract 31 .9 percent of the expected 
soybean production in May for harvest , sell 10.2 percent at 
harvest for cash, and sell 57.9 percent for cash out of storage 
i n May. 

The extreme risk averter (Z ~ 1.12) contracts 84 . 7 percent of the 
expected corn production in March fo r January and contracts 15 .3 
percent at ~arvest for Ma~. The associated soybean marketing 
strategy would be to cont ract 32.9 percent of e xpected production 
in May for harves t , sell 49 percent fo r cash, and sell t he 
remaining 18.l percent f o r cash in May . 

Note that both the maximum expected net cash f low and the 
estimated standard deviation decline as the level of risk 
ave r sion i nc reases. This l s a normal portf olio analysis 
phenomenon . Net cash flows decl ine fro m $78, 061 in the optimum 
solution for the risk neutral decision maker to $57,763 for ~~e 
most risk averse. Corresponding to these expected net cash 
flows, the estimated s tandard deviation decreases from $31,051 to 
$2,898 respectively. Based on these str ategies t he risk 
indifferent decision maker would expect his annual net cash flo w 
to oe above $47,009 ($78 ,061 - $31,051) with 84 percent certainty 
while the most risk averse would expect annual net cash flow s of 
greater than $54,864 ($57,763 - $2 ,898) with the same degree of 
certainty . Although t he income variabil ity would be less for the 
risk averse i ndivi dual , t he farmer would also be foregoing large 
variations of returns above the expected levels . 

The financial results in the previous paragraph indicate the 
usefulness of portfolio analysis in .providing information on t he 
likely vari abi l ity of the r e tur ns associat ed with t he optimal 
marketing plans. 

Portfolio analysis 

The remainder of t he paper will discuss the basi c principles 
unde rlying portfolio analys is. It will be demonstrated how t he 
technique provides for the computation of a convex opportunity 
set and how this is pa rticularly relevant as a model for choice. 
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Basic assumptions of portfo lio analysis 

Portfolio a nalysts ts based on fou r assumptions (Francis and 
Archer 1979, p5 ): firstly , investors vi sualize returns to an 
investment as having a defined patt ern of vari ability, tha t ts , a 
probabi lity dis t r ibution; second l y, investor's risk estimates 
a re pr oporti onal t o t he variability of the expected returns; 
thirdly, i nvestors are willing to base the ir dec is ions solel y 
t n terms of expected r eturn and r i sk; and f ourthly, for any 
given level or r isk, i nvestors prefer higher r e turns to lower 
r eturns . Conversel y, f or any given l evel of rate of r e t urn , 
investors prefer l ess risk over more risk. 

These preferences are shown graphically i n the indifference curve 
map of Figure l. 

I11"1U~~11c:e.. 
~11rve,$ 

Vect"or- of 
pr•lere .. "S 

s ' 

Ftsure l: Indiffe rence curve map fo r R1
, S prefe rences. 

The concepts of 'domi nant i nvestment' and 'eff icient port folio'. 

The two related concept s of a 'domi nant inves t ment' and an 
'effici ent por t f oli o ' are basic to portfolio analysis . They 
follow from the above assumptions. 

A domi nant i nvestment has one of the f ol l owing attributes: the 
lowes t risk S i n 1ts R• class; or the highest R• in its r i sk 
clas s; or bot h an R1 that i s above anot her i nvestments R• and 
an S that i a below the other inves tments s. 
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To illustrate the principle of dominance, consider the 
1nvestments ABCDEF in Figure 2. These investments have the 
expected rate of return R• and risk S indicated in the diagram. 
Note that D is dominated by both A and B; B by B and C; and P 
by c . A, B and C are not dominated . 

15 
c v 

F 

IO 
8 E 

s A ~ 
I 

0 
5 10 IS 20 is 30 

Figure 2: Investments graphed i n R
1

, S space . 

The term efficient portfo lio extends the concept of dominance 
to portfolios of one or more investments. 'l'he same principle 
of dominance appl ies. 'the efficient portfolio concept is used 
to determine the set of efficient portfolios comprising the 
efficient frontier - the frontier of the opportunity set of 
portfolios . 

Figure 3 depicts the general shape of the investor's oppo rtunity 
set. It comprises all available investment combinations graphed 
in R*, S space. 

The opportunity set has an efficient frontier which is bent 
towa rds, or convex, to t he R* axis (for the reason explained 
below) and overall takes on a scalloped quarter-moon shape . The 
convexity of t he opportunity frontier is of primary i~portance ln 
the use of portfol io analysis as a choice mode l . The set of 
porttGlioe which comprise the efficient rront ier is represented 
by t he curve AD in Figure 3. The dominance prlnclple can be 
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demonstra~.~ct ~1th the portf olios B C and £. Seth B and C (and 
any portfol io in the sector BCE) dominate E. Likewise any 
portfolios on the f r ontier below A o r t o the right of D a re 
dominated by A and D respectively. 

R~ D 

A 

s 
Figure 3: The opportunity set or portfolios 

Relationship between convexity of t he opportunity set and the 
risk r eduction of a portf 0110 • 

A simple two-investment portfolio i s now used t o demonstrate t he 
significance or the convexity of the opportunity se t fron tier, 
and its association with the reduction or risk and the degree of 
correlation between the returns of the investments (see t echnical 
note (2 ), appendix f o r an explanation of correlation). 

Recall t hat earlier in the paper it was ment ioned that if t he 
annual returns of investments are not perfectly correlated this 
has the effect or r educ ing the standard deviat ion (risk) of a 
portfolio comprised of the i nvestment s. The effect of the degree 
of cor relation on a t wo.-inves tment portfolio is i llustrated in 
Figure 4 wnicW shows, fo r a pa rticular numerical example , the 
r e turn-risk values associated wit h different proportio,ns of 
investments l and 2, given t he three degrees of cor relation of 

r12 of -l, O, +l. Data fo r the two i nvestments are 
investment l: Rf = 5% , s1 • 20%; investment 2: R~ ~ 15%, 

s2 = 40%. 

"')-
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IS t-----------=- 6 (R~) S-i.) 
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f.3 .., 
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(x1so/ ~"'" 1.) 

s (%) 

Figure 4: Opportunity set for portfolio of two investments, 
r 12 of -1, 0, +l 

The figure graphically depicts how diversification (combination 
of investments in a portfolio) and correlation affect risk in 

the portfolio. A and B represent the (R*,s) values when the 
portfolio comprises only one investment. Let x1, x2 
represent the proportion of the portfolio comprising investments 
1 and 2 respectively, with x1 plus x2 always equal to 1. For 

example when x1 = 1, x2 ~ 0 and the portfolio comprises only 
investment l. At A: x1 n 1, x2 ~ O, (Rr, S1) is (5,20). 

At B: X1 = o, x2 = l, (R~, S2) is (15, 40), ~ 

The three loci of (R*, S) values AB, ACB, and ADB each 
represent the opportunity set of (R*, S) values for the 

possible combinations of investments 1 and 2 (when x1 and x2 
each range between 0 and 1, and x1 + x2 = l) and when the 

correlation coefficient between investments 1 and 2 r 12 is +l, 
o, and -1 respectively. 

Note that when r 12 = +l AB is a straight line because the 

(R•, S) values of the various combinations of investments land 
2 are a simple (linear) weighted average of <fl!, s1 ) and 

(R!, S2)• The expected return R* values of the portfolio 
combination are always a simple (linear) weighted average of 

,,. 
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Ri and R!· However the standar d deviation S values of the 
portfolio combinations behave differently (see t echnical note (3) 
appendix). The S values f or r12 < +l f or portfol io 
combina tions are not linear averages of S1 and S2· As r 12 
becomes progressively less than 1 the portfolio S value be comes 
progressively reduced. This results in loci such as ACB becoming 
more hent towards (or convex towards) the R axis . The greates t 
reduction of S occurs for the loci ADB when r 12 = - 1, in fact 
a t one unique combination of investments l and 2 represented by 
D, S is zero . 

The above principle of risk reduct ion still applies when the 
portf olio comprises more than two investments, and the 
opportuni ty set continues to be convex. 

In practice, t he extreme values of correlation r 12 • +} and 
r 12 • -1 a re never achieved so t hat the ris k reduction is 

somewhere in between zero effect and its maximum effect, i.e. 
between the loci like ADB and AB in figure 4. Por some price 
series , such as those for marketing alternatives of the same 
crop , we might expect to f ind a f airly high degree of correlation 
and a minimal risk reduction advantage from diversificat ion. 
However, thi s needs to be checked out, beca~se as shown in the 
corn/soybean marketing example, risk reductions can occur from 
dive rsification within each crop. 

The portfolio effect (and associated convexity ) ls necessary for 
a mathematical solution as indicated i n the diagramatic model of 
figure 5. 1he portfolio which satisfies the investor's 
preferences i s that associated with the R1

, S values at the 
point ot: tangency at C between the 1nvestor's i ndltterence curve 
r 1 and the efficient frontie r AB. 
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I,? I, 

SolvTio"' 

s 
Figure 5: The complete portfolio analysis choice model. 
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APPENDIX 

TECHNICAL NOTES 

(1) 

Variance S2 =~ {Rt - R*)2/T 
~ 

Standard deviation S s (S2)l/2 

1 

J 

' 

• 

0 
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Covariance between two investments 1 and 2, • • S12 = ~ (R1t - R1) (R2t - R2)/T 
t 

(2) Correlation between two inves t ments 1 and 2 1s measured by 
the correlation coefficient 

Two investments are said to be positively co r related 
(r12> O) if they tend to increas e or decrease together and 
r 12 = +l (perfect positive correlation) represents the 

maximum value f or ri2 when the changes vary exactly in 
unison . The investments are said to be negatively 

correl ated (r 12 < O} if one tends to increase when the 
other decreases, and vice versa , r1 2 • -1 (perfect 
negative correlation) being the minimum value for r 12 for 
the case of exact l y compensating changes. The investments 
are uncorrelated Cr12 = 0) when they tend t o change with 
no connection to each other. The range of r 12 is 

theref ore - 1 ' r 12 ' + 1 . 

(3) The following equations are for a portfolio compris ing two 
investments denoted by subscripts 1 and 2. 

Expected return for portfolio, 
RP s x1R! + x2R~, an average of Rf and R2

4 

weighted by x1 and x2· 

Standard deviation f or portfolio, 
SP= [x~si + x~S~ + 2x1x2r12s1s2Jll2 

(1) . 

When r1 2 = +l SP has its maximll!ll value because the last term 
of equation (l) 2x1x2r 12s1s2 is at its maximum value . 
Also when r 12 • +l, SP s x1s1 + x2s2, a linear 
weighted average as R: alwaya is. Thia case is represented in 
Figure 4 by the straight line AB, the loci of (R;, SP) as the 
respective proportions of investment s l and 2, xi an~ x2 , 
change. 

When r 12 = -1 SP has its minimum value because the last 
t erm or equat ion is at its minimum negative value. This 
case i s represented by the loci ADB in figure 4. 
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