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AUstralian Agticultural Economics Conference, February 9-11, 1988 

AN BCONOMIC ANALYSIS or A PLANT DENSITY BXPBRIMBm' 

rolt TEA IN CDINA 

Dan M. Etherington 1 

Economics 'Department, Research school of pacific studies, 
AUstralian NationaI'U:niversitl 

Cii&rra, Ar::r2601 

Average tea y,ieldsin China ace low by international standards 
and are utremelylow when ~red to yields obtained on experi
ment stati.ons.. 1bis paper "'eports on a ten year plant density 
tri~lundertaken by the 'lea Research lnst! tute in Hangzhou, 
Zh~jiang Province. '!be green tea, vegetatively propagated, clonal 
variety used in the trial is called "Longjiog 43" .. At the high 
densities used, this vari9ty has yields mote than ten times 
greater than the average for Zhejiang Province" Four different 
plant density levels were used in the trial. The economic analysis 
examines the performance in terms of conventional investment 
criteria:SNPV', Perpetual Annuity, B/e ratio, IRR and the D1s
countecipayback period. The optimum time to prune is also 
calculated for each of the trials and sensitivity analyses are 
undertaken using various assumptions as to the relative perf~!'· .. 
mance f~rmers might attain. 
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,...1\tCOHORIC QALYSISOr A PLUTDBNSI'fY IUEBtiUH'r 
rOR!lBA IN CalHA 

I.BAtKGRamm 

1 ... 1. Mational Yields 

ti1ina, 'wi:tJ1over onellillion bedb~re$, has llO.re tlwltwice aSJIllcb land in 
tea ast'.ut:c e1ose.t riv~, Irdia. ~r tea yields in China are very low 
by·intflmattcnal ntMdar~ 10 tl\";lt teeordedpr(X\Uction iscnly t.wc>-thirda 
that of .1rr.U.a {Table 11. __ Cur.;ent yields areMso low CO!!IP8redto 
-h:J.at(u~iealreco"d&. In 1914, China was producing 324thousand_tr!c ton$. 
ofteafr(Q about 354 thousand hectares (see J?e.:kins 1969) • Tea. is grown 
in .~parts.of thecountry: "lghteen of ChiMvS twenty nineProvince$ 
prociuCfiteabut their averageyielchiare all low --emd- do not depart 
rerkadly fl'oa tberlation$!. ave.rage r_le 2). ~r.,the low average 
yields -.k the very RIch b1gberyields that occur within the countty anc1, 
~ntly, the considerable potential for fUt:ther lnC:~daAs ill China'. 
teaproduct1on. (!tberlngtem.andForster 1988) II 

'lebl- 1 International 'J!ea Yields for 1985 

-row. i'Ot:.al Average 
C'OUntry OUtput ArN Yield 

1985 1982 

(000 t) (000 ba) (kglba) 

::ndia 659 395.0 1660 
China 440 1096.7 401 
Sri Lanka 215 242.1 88G 
USSR 155 78.1 1970 
lenlra 147 81.1 1813 
Indonesia 132 109.5 1205 
Turkey 123 64.5 1907 
Japan 96 61.0 1574 
Eangladesh 43 44.7 962 
Malawi 40 18.5 2162 
Arqentina 33 41.4 797 
Viet NaIl 22.5 49.6 4!S4 

Total 2105.5 2282.8 9.22 -
Source: calculated frau International Tea a.1ttee Anm.w. 

Bulletin of Statistics 1986., and SUpplemmt 

2 Yields should be calculated on _ture area rather than total area. 
'!be three year yield lag in Table 1 attempts to allow for this. The 
figures in Table 1 are all drcnln from the one source and show minor dis
crepancies with official Chinese data. 
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'fIhl8 2. ~al ·· ... Ptoauctlcn statistics 
.for auaa 197.91nd 19B5 

1919 1915 

I -t , I 
PrDri.Dce Qitplt Ana Yield out:pIt Area Yield 

(000. t) (OOOha) kg/h& \000 t) (000 hi) kg/ha 

National 277.15 1050.33 263.87 \'12.42 1044.81 413.85 

Jiangsu 4.75 10.80 439.81 ~".20 14.33 641.8& 
Zhej1a.ng 65.45 164.60 39"1.63 93. '.5 111.93 Sa3.S1 
~ 29.95 96.20 311.33 42.&J 118.60 358.11 
rujiM 22 .. 80 99.73 228.61 40.55 122.27 331.65 
Ji~i 9.20 59.93 153.S0 14.30 63.80 224.14 
~ 1.05 5.40 1~4.44 .70 2.40 291.67 
atnan 1.15 '~2.87 89.38 1.80 15.93 112.97 
Rube! 17.00 82.60 205.81 22.7; 69.73 326.24 
Hunan 51..35 167.47 342.46 17.10 114.93 616.04 

~ 
10.55 42.00 251.19 22.65 46.00 492.39 
7.05 27.07 260.47 9.95 20.67 481.45 

Sichuan 28.35 115.60 245.24 52.50 108.87 482.24 
Guizhou 6.25 39.47 158.36 10.60 28.40 313.24 
Yunnan 14.85 98.33 151.02 31.10 114.13 212.49 
Tibet via vis vis .04 .20 115.00 
Sh$anxi 1.35 28.20 47.87 2.80 26.:,,0 106.87 
Gansu .05 .07 150.00 .G9 .~7 182.14 

-Note: via • very gal! 
Source: calculated feem China .Agricultural Yearbook 1980 

and Statistical Yearbook of awa 1986 

1.2. '.tea SQllea 

'lbere are two broad. divisions in ~t'cial teas: 'black tea' and 'green 
tea' • 80th are produced frOll varieties of c.eUia .... 1. but are 
processed quite differently.. Black tea includes in its processing a 
period of ferDintation while green tea is unfermented. Wit.hin both types 
of tea thare are many quality distinctions resulting from plant varieti
es, specific envirorantal conditions (climate, elevation, soils), tea 
garden aanagewent a.."ld the quality of 'plucldng', as welL as the care cmd 
skill in processing. Tea prlces reflect bOth the unique conditions which 
cannot be eaUated and the quality control in field anagement and 
processing. In general, rut not exclusively, black tea is made frca the 
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Itaves of c. sinensis val' aas-.ica and green tea from C. sinsnai.var 
dDenSis. 'l'he fOQEler tends to ~ a larger bush with relatively brQad 
lea~s "While the latter .is s=aller of leaf ·and is better suited to the 
harsher climates of the northemtea producing areas such as Zhejiang 
p~ovirtc.. 'Ibis province produces both green and black tea frca var 
slneUis" 

1~·3. 'It.- Institute and its location 

'lb~ result$ "eported upcn in thi$paper are baud one longte!3 experi
ment conducted by the ';rea Rese~rch Institute (TRI) .of China. \'be 
Inst:ituteis located about is 1m000tside the city Of~, thecapit.al 
o( ZbejiartgPl;ovinceand ~t 100 .b $Wof Shanghai. ~ ·mI·ba. 
natioMlresponsibilityfor teatftsearch and collaborate. with erA 
encourages the :r$$eard'l of 15 PrOV'incialtea research eentre. .(81)( of 
\tdlichar~'ltUsl. l]he Institut~curr«trttly ~loys 202 people of wboa 130 
are$cientists. 

'!be :tnstituteisorgani~ atO\UldeightDepattwntJ. b Tea CUlture 
Depa~trQent was .responsible far the experlaent which provided the data UH>4 
in this paper .. 

,Ifan~houi'soneofthe faJbJ$ garden cities ofdtina . but certainlybua 
harshcli_teWhen~red .toll'CStothttrtea prQC1Ueingregiona. oftbe 
world. 'l\le Institute is loeabed at about 120 I, 31 N (abOut the ... 
latitude as NeW Orleans in the US, or CoffsHatboUr but hasa.,reext.r_ 
climate than· ei~t). '1beelevationis onlyabout 30. above sealevel. 
'1bere are extr8JleS in tempE.!rature with ·the annual average of 16C •• an 
J~ry ~tature: 3ei-an JUly 2aC. ''11ut overall ~. ia about 40 
and IUnilXPll-13C. 'Uleta are abOut 285 frost free days • .AM.ual r,unfall ia 
about 1,30_ with JUly/AUgu$t (su-e,,) belng the dryae81Cn but htaidity 
is always bigh. 

'l1le marked.seasonal t~tature differences result in a distinct ua.acailal 
yb~ldpattem in the nQrthern tea producing provinces. 'lbe peaked tiaa 
profile for plucking_turet.ea fields in the ·Hangmouarea i. depleted in 
Figure 1. Here it is seen that 50 per cent of outplt (in two .qualitie.) 
CClleS off in just three weeks - fra! mid April to about the fir.t week of 
May. However I the peak in the value of prodUction is eveJlgrelter (nearly 
80') because the highest quality tea ia pro(luced at this tt.. 

3 A nap of the Provinces and lajor cities is given in Appendix 1. 

4 '11le 'lm is 01'1\' of the institutes established in 1958 under tM 
overallmanageaent of till, O1inase Academy of Agr.l.cultural Sci,nee. (eMS; .. 
'lhe CMSnaw bas 36 Institutes plus three addi tlOQ$l laboratories and 
libraries wi tit. a total staff in excess of 10,500, incluatng over 1,000 
Senior Scientists and 3,400 research staff. 

S 'lbecClIrp!ti tion with other crops is acute in spring and tea tends 
to lose its reputation as a "free tiae" crop. ('Ibis is a ~ exprelsion 
referring to the fact thatplueking can be done by fald1y am friend$ 
whenever they are free - tillelinl'.$ is not generally crucial, .. 
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n .4 

Plgua 1. 

J • • A • J J A 8 0 • D 
~tt. O!JIIIrlI !We 

Gr. ~g. 

1st 16.00 
(Loagjing) ••• 

2nd 
3td 1.60 

4th 1.60 

T()talJ.,fafProducti,"~ < __ tea) 
TOtal·J'..taf Val_ (YUant 
toftot.lU val_ 

Q • 

1 ....... 1 
15kg 

f--I- . 
3S 15kg 

SO +15 
296 +24 
79 + 6 

Sou~ce# Jer80nal ~cati.cn froamt Ici_tistJ. 

.......... n .. ' 
.35kg 

J 

+ 3S 
+ .56 
+ 1S 

Note": •. AboUt 3.7 YUan to US$. **15 ., -Hectare. 

• 100 k9ll'l 
• 376 
-lOOt 

**. tt.t,ongjing" (Dragon1fell ) tea is d1ellOSt notabletaa ofBang;b.ou • 

. 2."'.~ 
2.1 • ....,.._\2 
Giwn the low tea yields in China, it is not surprising that the Tea 
lRt!earcb IQJItitute haaundertaken a large ntIIIIbet of field experiMntJ on 
fertl1izeruae, prun1ngpractice.,va~iety and plant &malty trial •• 
Reaul.t~ of the •• re typically ~lilMd in ~ .T1U'. Joumal.of 'Ia 
ad.~!. For examplft, '~ reportby' yao GuOkutI and Get Tiejun of €hi pl&nt 
CliiiI~\.' experiaent.frOIl wbiehtbedata for this .tudyare drQWn is in 
Vbl.6 1~.1(1986)of the Journal (p. 21~27 with English. abJtract onp.28). 

'lbeplant densi.ty e~ti.nt had been runnil"~ over 10 year. dut'ingwnicb 
tiae de~iledJ;'~tds wer:ekept of all inputs and outputs. 'J.be condition 
of the l:Nlhea .above .and below ground wasal$O careful ~tored. fOUr 
plota Mlreplanted with the 'l'lU' S "Longjing 4'" clonal te..Single 1 l1U 
(1/15 hectare) blclC~s :were used with plant densitie$ of 4,000, 8,000, 
12,00.0&00 16,OO(jplantsper Hu. 'lbese den$ities are equivalent to 60, 
120 ,18Ch ·and240 ,OGGplants per hectare.. S\1ch plant-densities are ~i t. 

6 Thtt ·name."tmgjing43" given to tbisclone uses the MJIe of ~ 
di.trl~t'.l .,stfa.ous IIade (green) tea as a brand. I'IaIIE!tli '1beclonal na. 
~ ·tbefinal product should not .be confused, i.e. the leaf of "Longjing 
43-can be l1A4to produce a variety of different teas not just "Longjing" 
£b! .•. 
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e#tno~DI!ty.· .. by'.~rd$ :u.ing As.-type 't.a,'val;'iet.!~a when' 15,000 
pl$ntl, ,per bltCtare1«lUld. "be:ccnsidered' 'dtmseplan~ingg.. 'ltie .~. TN 
Dt\'elopmtAul(;hority .c:e<:c .' fJ1Cl$1 . tate.. of 1e, .. ·t.haI\ 101 000plarttsper 
~t •• ,""":Xtd!i\ft.tandlrd i. ~~ ~tl0iOOO, .plarlt$ . per 'he~tar:e 
'(lCAa1980.p.t67)' wtdl-.tlle . WO~l(t sank· ree,..nd«l13,(lOO 'plant. per 
bec:tJr. fora l:~lant1ng .pJ:Q9t. lnlnc1or1ea14, .. (WOr:14 ·Batl):1911l. ..''11\& 
~tlII diff.t~.inpl$ltdens,itJ,e •. ~: SQileexplanation. 1'Wt)fa¢tQ{s 
are"igniflcantt, flrst,therei.tbehlltoricalfactthat. the expt{~nt 
.. .tat'ted~the . CUltural ~lutiqn ~,specifi¢~i' ~ 
pla~Ol1 . the· intemsi~i'C8t:ionof :agricultur.witb hf.gb<Jensity p~ant1Dg 
and,lnttrcropping. A lr: .. ~ uplanatiOl'l .IS ·thI·Cbitle.. .pr21cticeof 
plant~: ill 'hedge.' ,1t4B\7la trainil1g ·Qf ~s. to .a~~ lateral 
JprNd., , .14 tbe .. r~t there is JlQreport,()fany pruning. ."' ' 

_ :bigb,&msityplantingi. tbt ~_ fot Obtoininga latera11$pread 
elf br:a.ncbea. 'DW"lQw.Ut 'dIS1Sity of . .Plot. M$·row.. of. plana; .at .150qa 
iPt<lr:va1&. .1'hr",cu~UngsarepladldlneAcbplMtbCle ,apcedata 
(~Ctll.ted):41'~Qf~t.IOca •.. ~Wltb ·the .. _ecOncl plotI' . aac;b .'~ 
coaal.tJ.Q~, ·.twQclo. ,r:cw.( 33<;11 apart') but 'Wlt..b thediatance . between 'the 
<*ltte. Of tJw·l\edgelkept.t 150QiI. In 'asbd.lav: .fash1on., the 'thlrdand 
fQUrtIl plots. 'bawtllr" :and .u.n. four 'w1~' tows :at33~1nter ... 
vel.a.'lbe'plots, _re.airl~ .. with 'stlU.Jdard' .. ~t .practices 
1IlbichiCJCl~fertil!zerant:1~e.ent:ary irrigation. 

1tMt,report ·ext tbe •• J:iamt~c11.ded any ~c.analY*iabQtdur1nga 
Vi,it to tbi '!,taX .YQ. ·.uked,to~rtake ·tbetask;u .a.cUdact.lc' &nIonatt
ation. With :tbebelp Qf.. t.be ···Tea·Cultlvation ~rtMnt,tlte originll, 
i,,_ther tbarlthepublilbed re~ta •. wete acceaHd for tbeanalysi..fl.gute 
~. ·.ahon theyield curve. for .tI!e. four trials. These are ~. data 
~ottl<l1n terM ,of kl10gnaa ,of ~teap!r ttu(Yaoetal, :"986, Table 
1 .. p.22).. i'beeconQllicanalyaisthatfollowsuse$ outpUt of 'greenleaf 
(DOt .. ~) CIl aHMOnJl ~iB. 

'tBt .UU elMS lOI Mtr HHS. flY 
, iXP£lltIHI n .. iji".43, JI.ItJlJa.) 

411 
l~8 

• ,.. 
1 251 ,. Zga ..., 
!l "1 flU ... .. 1. 

5' 
iii iii 
5 , 7 • , II 

• ia ftlf'S 
a 4,a ,iMlv;b + I,. <> 12.. A U,M ,JIlII 

1 lt~a is incontraatto the standa~ practice in most countries 
growing ea.1Ua ainerusis var aseaJ ca where bushes are trained by pegcJin9 
outlate~al branches and pruning and tippinqat a series of intetmediate 
betghts during the first ttu:ee years of a bush's formation (see Hatler 
1966 Qr!therlngton 1973, p.14 and ~ndix I). 
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;S~td,Chi,. •• Plw;~in9p~~;e.Wb~d), .-intaina convtx cr~ ',tQtbe 
hedges, ~atMr ,·than 'tbo,tlat'tabl..,.tQP' tYPicU ,of DQst c:dmtrl •• 
pr:oduclngblack ,tea_rt, ,used .. 1be ~C(O\ftt incr" •• ",tb-.pluckiQ9 
8~ftc:eof, .'tht' ,tea~.. ,'~PlueJd.ng, 'was, eorMtntiQClallyfine( ~ 
l~sand abldl Ifor'.,tanc1ard ,,(~)gf~ 'tea rather th$'l the,1Jltr;t 
fiPe' (tIud)plUCkid9r~rec;tfor t.ongji~ tea. 

,~lptice., are in "coo:stantl9S7 ,teOlS.Springte$leaf ,,'pd.ced, at 
Y1.32perltllQ9r.,~t ,'t.eaCllt YO.92 and JWt\Dl tltls at n.12. '.tWo 
'lahQUr 'wage ra~.,are :used: Y3.S0per ,aay'fo~ mBtaff ,and n .. oo' fot 
cuual,pldter •• ,~t returnstakeintoaccountallCQItl otbetthanland. 

2.%. ,~, ,Qf.-l,ga 

1be'~lJSi' of tM, ,experiment i., unc1ettMenbyuaing, ,a "pe<:ial ,putpQ" 
so!twat.pJck~ ,called "l«JUU) ... ,mLBtJ) !s aninteractive~t.eE' 
L"*Ckagedesigoed toas,lat in the '8Ccncaic analysis ,of 1~, ayaItetIW, 
operlUng over longt_bori~otlS lr,bplcPge ,ideClllfora long life crop 
11k.ta, gets ita naet', ftOllitsconeernw1tb )JJLt1plHnterprl"., 
...,ptcx1ucts, and -t'iIIe periQdeandprV-lidesf,mJll)gets ,oflU¢h Qlu. 
tstbJringtcn .t ,a]., 1985). Thiaspeciaiist&;:lmlatiOrl pacJtagebalel~ta 
of bOth ,'databaq'" W'SPt~t' .. packages:. entetpri_'tliCOrdJ'w1tb 
.,*l(ica1lydeai~ 'fleld$' can be '~lyzedot-rgted ... t~t:lvJt tofoDl 
.,r;e CQIPl_ budgets. !ach'record'tiaa 'Min!.aa ,COiUii&tentEnterprlse 
DataStt' wbichtbe .. r .is led todefi..,. A data stt con.sj.ats,of ciescr!.p
tora,iraplt •. 'and'cutpllts ,w$.tb ... s, units,qutmtities ·anaprlces defined 
<Wer the·$l)tCified tl., horii~. '~Pefiod Vec;tor.'ar.defl~ in 
t.etMof J:lo~ yeats ,lUX! int(a-~ar' seaStlllS' • 'l'bepaclcage c-~bandl. up 
ta200 tu.periodJ (,YearxS!a~) • Onedaltasetor'record ' ls 
.atabli$hed for each of the enperl.-ntalplots.&1dlaata .etba. forty 
t~periodJede up of 10 years each with fOUt$easQnJ. .Season 1 is 
Spting and' coversKarCh, Aptil and May. 'lbe descriptive and analytieal 
tabl". th$tare Ptinted Q\lt in final report fenet by .I'IJLBUD fo~ the 
balis of the .following resultl. 

Allval~'8 in the following tablesareexpres$ed ,in~. 11le Area unit 
is one· Ill.. A ba.ic assUliption of the analY$i$ is tmlt the grower 
delivers the freshly plucked leaf to a 'factory'. 'lbus tba relU!bJare 
siaply for the field' operations of growing, ,lQaintaininq and harvesUng 
(plucking) the tea. '!be analysis ~$UlleS that the land is '.free'to the 
grower ,that i., ,no OppOrtunity cast for the land has been included. 
lfowitWerl the fl?:styt!ar of the ten year data set t$ taken up with land 
prepat'atlon for Sptlngplanting intheHcond year. 

'r&rainal valu:eewere calculated so that the econoaic results would reflect 
perpttualincalest.rea1l$. S~lebut conservativeesti_tes _reused. 
!the initial .annuity of the tenyeaf;s was Illltiplied by S8Ven Which implies 
aper:pe~life ata discount rate of 15% (or 17 years at 12'). 

8'1'0 corwert these values to US$ per hectare at the official exchange 
t~t. tin JUly 1981) of Y3.71 .. US$ and with 1S Mu to the hectare, valueJ 
1boul4be.w.tipliedby 4 tie 15/3.71 .. 4.0432). 
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:A.A.B.S_ 19b .~ 1uDen8ittQpit(Utent DOn·)!. Jther~' 

.~ 3 ,'If;yJitlUlta ·fO.t~t ~tt.1Qt 
P. 

XipJd1Ieott .• ,'OOO .~ptr. __ ~tl_ 

':"1' II .11' &a 1" ·,illB U J, ,''' 
~: $' .. I" 

.~. '. \ Co :its t· ' \ a,.t:u.t n. /' 
Ya row., ~;! ,'/ GrOffi \: .{ 8N Jj"V 

• • LfboUr ~ *tetl~ 1fOtal ~- Net. ,N ••• / • .0 Co.b costs CoSta '.~ ·SovtnUt. .8StDay 15.40' 
trl BfiiDat ~ Y'Uart '¥\SaD ~ YtiM ~. 'YUan 

1 1; l .. OQ 10.50. 0:-00 10.50 0.,,00 ...;10.$1): -3.50 -10.13 
,2 3.00 lO~50 0 .• :00 10.50 0'.00 -10.50 -3.'50 ~19,.93 
3 16 .• 00 '$6.00 a1.00 143:/100, 0.00 -14l.00 -8.93 ~148.70 
4 '3.00 10.50 0.00 .3.0,!,'5Q O!O~ -10':50 ~l.SO -157.81 

2 1 8~OO 28.00 304.00 S32.00 0.00 ~332 .. 00 -41.50 ..... 36,.61 
2 3 .. 00 lO~SO 0,,00 10.50, 0.00 -10 .. 50 .... 3.50 .... 445,.12 
3 ~.O(J 10.50 0.00 10.50 0 .. 00 -10.50 -3\Y50 ..... 53.34 

'. 1.00 3.$0 0.00 3.50 0.00 -3 .• 50 ...;3.50 -455.99 
31 ,1,4.31 50.11 '26.70 76 .. 81 18.15 -5$.'66 -4.09 -498.02 

2 11.6~ 61 .. 91 5.00 66",91 19.44 12.5~ 0.70 -18'.99 
3, 12.23 42.80 60.00: 102 •. S0 44 •. 35 -58.45, -4,.77 '-529.'19 
4 3.00 10.50 0'.00 1Q.50 0.00 -10.50 -3.50 -$3$ •. 70 

4 1 19:~'20 61,.20 1.50 74.10 10.S.27 30.:56 1.59 -511 .. 29 
2 26 .• 42 89'.94 39.00 128.94 160.66 31.11 1.20 -497.84 
3 16.46 57.64 87.00 144.64 78.23 -66.40 -4'.0) ---:$37.16 
4 ~ .• oo 10.50 0.00 10,,50 0.00 ..,..ltl.SO -:3.50 -543.11 

5 ,1 20'.95 7~.33 10.00 83.33 172.20 ,88.86 4.24 -494.10 
2 31 .. 49 100,.49 9.50 109.99 251 .. 07 141.08 4.48 -418.88 
3 20.15 1&,,54 89.50- 160..04 134.04 -26.00 -1.29 432;.27 
4 5.00 11.50 0.00 17 .. 50 0.00 ':'11.50 -3.50 -440.97 

,6 1 35.08 107.67 15.00 122.67 460.02 337.34 9.61 -2.19.01 
2 48.03 133.51 12.00 .145.57 431.89 286.31 5.96 ~146.27 
3 20.13 70~46 92.00 162.46 133.67 --28.79 -1.43 -159!t16 
4 .5.00 :i7.50 0.00 17.50 0.00 -11.50 -3.50 -166,.72 

7 1 47.34 132'.19 15.00 147.19 678.67 531.48 11.22 55.IS 
2 42.30 122.10 12.00 134.1Q 360~54 226.44 5.35 146.44 
3 25.19 87.88 92.00 179.88 210.22 30.34 1.20 158,.26 
4 5.00 17.50 0.00 17.50 0.00 -11.50 -3.50 151.68 

8 1 40.33 118.17 15.00 133.17 553 .. 67 420.49 10.42 304.33 
2 42 .. 38 122.26 12.00 134.26 361.56 221.29 5.36 384.01 
3 25.90 89.30 92.00 181.30 221.03 39.72 1.53 397.46 
4 s.oo 17.50 0.00 17.50 0.00 ~17.S0 -3.50 391.74 

9 1 32.18 101 .• 86 1'5.00 116.86 408.14 291.28 9.05 483.69 
2 37.68 112.86 12.,00 124.86 303.14 178.27 4.73 538.03 
3 ,15.94 55.90 92.00 147.80 70.28 -77.52 -4.86 515.21 
4 .5.00 17.50 0.00 17.50 0.00 ~17.50 -3.50 510.24 

10 1 24.57 86.02 15.00 101.02 272.51 171.49 6.97 557.32 
2 '5.54 108.59 12.00 120.59 276.59 156.00 4.38 598.67 
3 12.95 45.33 92.00 137.33 25.03 -112.30 -8.67 569.92 
4 5.00 17.50 0.00 17.50 0.00 -17.50 -3.50 565.59 

SOurce of data: Tea ReJ;earch Institute, Hangzhou 
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A.l~B.S'.1988 Cbl. ~a Dtl't$i,tyJXpet.nt 

a.~.~tt 

~l. 3(~) Pt'~t, tne--ry .... _,Ult$, fot . ·'the fir;t(lowest. 
.. tty) ;plot.Each :col~,repr"Jent$anc>tber&ttail~tablEh lQrexUlple,. 
t!w.padqtge :givesia ..• LIb.ou,,~rE$1eltt$tabl'witb ten !aboutcptr:at1ddS 
ancl .bte~of l~r CQ8tsbetweenfa1d.lYO'~ :bir4d:. ,l.abour.SUltl.t
iy ,Wrtetn*terl~ .. :t~ts~~.t·.bebind'. tne.·Matf;tl~ . Coati collal'i. 
'Not.tbJt .. at_tur.ity (year. 1 .. & &9lG~ols1\eVenue is u atrQn91y:pHked 
til tile. fitat· .. ason:as .FigUrel ~.teQ"Net ··ltewnue ia '~"r:e 
peak.a. 

'\ 

1ab1e. ovota1l .. ~ IeWUltaoftbe ~t. 1)JnSity .PIOt~ 

J!::IPlttl.-t: 4.000,Plantl .ptr;a.. 

:Ita 
. i 

1.TftJdnal v~ue 
2 .SNF'l'(@15,.00\) 
)._rti=e4 valuea : 

.1 (pet 'Ytat) 

.. Z(per: •• ~;on) 
4. SNPV I WI b,~ -..t.ur!ty 
;5. 'SNP\1 /Sarre1 

YUan 

930.00 
'765.49 

152.52 
36.1S 

765.49 
1.03 

OVerall Total 
AV, Total /year 
A.v' .. 'total. /season 
Av • Sited ./~ar 
AV" aired /SttQOIl 

8BrDIy 

740.34 
74.~l 
18.50 
i4.47 

7.8Uaof,PreseatValue.: 
a),Gtoss ~+ 'l'~v. 
b) 'TOtal 
c) _t$rial costs 
tl)taab Cosu 
~) Filed Cost$ 

.... 

2599.$0 
-1834 .. 00 
--742.32 
-856.35 

...;110.76 

8. BenefitjCoftJlatica : 

[ .Cl ] / Jbl 
t2 - e 1 / let 
t 2 - d J I tdt 

( 2 - ell tet 
_ Q d 

SoUrce of data: Tea Research InstItute, Hangzhou (Analyzed with MULBtJl) 

3.61 

1.417 
2.031 
1.894 
5.483 

'lb!~ry r~su1ts (Table 5, below) give.a clear ~cmkin9by all eCQnQ!lic 
ct:itetia for-the s~cond highest density planting (12,000 plants ~r .Mu or 
160,000 pet hectare). As long ~sthe costs of th~ plWltlng 1Iat~rlals llte 
~ttoohight such cbtinance could be anticipated from the yield curves in 
rigurtl 2. . 1fle r;etums are very high, with a..~ 1M >50\. At 15% the 
werall ee~fIt Coat ratio Is over 1.8 and the discounted paybae\ period 
i.the fir:st season of the sixth year. A high (subjective) discount rat4 
is ~ because. of the very highIRR.. In all cases yields peak in the 
.venth year. ibe. $2ll(i!UI yields are high by world standards and quite 
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~tt~o~naty ·~·.~tecltonati~. ,an(.(pp;ovt~c!al.a"er~ge$,. .!M' :bf!tat 
.Plot,atover'S.$ .tofitl ,pet:h&ctate" ~'l&f lAOJ;e· .~ ... ten tu.. Zhejla.ng 
f.~ovl~t$ annual a~ta<J$ y.tflld .in19S.S ('lable.2}. .~ .re~ar.. ,bigb 
~r:td~ 'to ~. r.efUlt$fQt otbe~ i:tOPS·!n ~ .Province!n 1984 • . t()r; 
tx&IiP1tl#,prQfit$ in ~'par' '~wet~ ;fQt:·.~t. n.~4, r!ctY411 wd.ze 
nOt.~ C(}tton n3g·~ '~ae shQuld ~.~red, to the~vetage~ 
tetu~ (the ~ty) Qi y395 pc!t etu •. BY int~t.1Ulticnalsta@rds a ,.tum 
Qfover: .08$1500 per lle~~rff !s vtty .9QOd'1\ 

a 

f~ts ·Pl~ .. , \ 

'Ccit&ria 4;000 8,000 12',000 16,000 
....... .... -Pl.QtI, Plot. II .lot XII RIot IV 

1 •. $.ao£ ~t'r~s~t 
Values ($NPV). (YUan) 7.65.49 1270 .. 81 :tS81.18 1688.27 

@15\ * 2" '~rptblal Annuity 
(Yuan) • lS2.52 2$3.21 394.7S 3:361139 

3. aen$fit. . COst Patio 1.41 1.63 1,;85 1.70 

4 .. Internal ;:$ate of 
_tum (..IJUl ') 34.0 40.6 54.5 4S.8 

s. Discounted: Payback 
Period' (Year:SeasQn) 7:1 7;1 6:1 6:1 

6. A~ra9\' Anmlal 
Labour Use (daY$> 74 83 94 92 

7. MaXiDll'A. Yields (Yr) 7 1 7 7 
Kg per Itu ** 273 330 374 350 
Kg per Hectare ** 4095 49$0 5610 5250 

( Te.mnal Values(2Mm) 930 1550 2450 2315 ] .. -.. 'l'Oconvertto ~quivalent 08$ per hectare, multiply by 4. 
~*'~ t~a equivalent', converteo at 4.0kg green leaf per kg made tea. 
1.'bi$ is the rate used in the original article and contrasts wi th the 
conversion rate of 4.5 'usually used for bl~ck tea. 

9_sed on the 'Household Cost and Income in Agriculture, Animal 
H\1s~nch;y and J!'isheries products Sample Survey, 1984' reported in the 
china Asricultur<q. Yearbook 1986 (English Edition) p.309-312. 
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" 
~~A;.$ .• ,$~ 1988 dtiJ#l ~~l)ensitY:~t~nt 

'2J1!4., SeP$1t1v:lt¥~pis, 

_te.ltllt.repotteq· thus far have , beeJl:based, directly cm the physical 
lnpu~(O\1tpU~ 'da.~, o~the; ~.rhlent, tPgetiletwith· 1981ptice$. Since the 
·crud~di·ff.f!rencebe~, the plots ·1$ ,,~4()t·, plants l»t", it 'ls. 
·.~toebf!clt ,on, ,tfu!.·$ftJlSitivitYQftb& ·tesul.ts t()c~e$ in the 
co,t; o~, 1:be,·,pl.t\lltJ;n~, _t.erl~s. 1be'~~et: cQstof th~ vege~tively 
~,f~9~t~tw1: clonalplant$ W8$on1y 30 AlQ· Yuan~rl~ 000 or ,.03' ea~ 
~idt :1.1e$$ ~ lUS ctntper plant..:~ ~a$,SUlPtion that tbi,s is an 
inte~ ,"TlU, pric~_ t11atf~ntaets" lIOUld .~, faced with 'higb$rpr1.c~$1 
~tttC\ll~t~y, if, the·plMting '~teri,~4haye "to' be'transporttd: ,'any"dt$~ 
tanct,priCl!.$ Of 60; lOt), Md· 150 Y\lan'per. ,1,000 plants ~"re, ,uqQ in, the 
sensitivity apalJ$i$ {figUre bj~ 

A$ WQ\Jlcl be- .ticl~tt!(l:,the t'elativee~e ~rformance$ narrow a.nd :tbe 
.l~ ,of ~liM$ 1)nkin9,,'tbe,,~itie$of,the dl:ffetent plant d$w~~ie. 
incr.a.;a8 'tht.' ~t of ·,1@ts1nere$$ea., Anv:>t19 the tht,e, les. d,enn, 
plOts tbe ,\t~lng ~s n()t, Change"but ~t ',thehlghestpticeofp~Mting 
_terilQ" cQnSldered., the :highest density> plot has the lowest.retutn., It 
ba& 'tl\e lowerstretutn at .~,' p~i:ce of ,,'the' ··plantingmaterials in exces$. (if 
Y123 P't ~.ln t$,u.s' 'Of the '1M (not $hQwn}, flat IV has the lbWe$t 
tot\lm' ,atpt1:C!'$~x¢eeOin9Y12pet: ,thOUSMdplants. At a" ,plant pr:i.ce ,of 
'YlS~ ',l?ertbQu$andJ: . the' IRR Qfthe, otMrthrtle ,plot.s virtually coll.,\cldebut 
plot III J\lStretains it$p{e~erpo$i'tiQrt :(22.1% as again/:lt 21,"\£or 
Plot :t, 20.6' for ,l?l()tII and 15.6' :for Plot ,IV). ;~thet' t;;ensitlvlty 
analysi&of plot :tll i$undet;aken in Table 6 .. 

400-1 

f 
PaqJetual 
AnnUity 

300 -I 
l 

(Yuan) 

I 
100 -I 

I 
I 
I 
1 

Sensitivity flfZconotdeBeturnS to (hanges in· the Pri(:8 
of pl$lting 'lfaterial fot' FOur TeaPlantDCmsity Trials 

Discount Rate • 1S per cent 

III 

1----1 I 
30 60 100 150 

Price per thousand "Longjing 43" plants (Yuan) 
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, }t.'.A.I'.S. ,a9&8 ' ,Cbina ~a~.tt"~ti_nt ,Dan :M. Etnerlngtan 

Table .~.$hows, ··,the 4.ns~tivi~' )f t.rv ~1e~tuat ~ty (1..udnga di$count 
~t. of $: ,per. ". cePt.JtQ ,'~,J:~ . , 1'iD' Cbange& in costs and reblrnti~, ,~ 
,talaale ,c:ell"of"the ,,:.trtg',shdwt: ~t the' .aver~ge anmsal, rflWrnon ,the 
baais .cf ,.,th~ 'da,~()f :tbe~,~t.r..;tltt,u$1119:1.9tl1 pricea 'out-with ,the price 
of ,planting, sete:t*als,attlOn per tboUsCUld, is: ~t 390 YUan'~r,.w ,per 
;Y"r"Qr ,aboutl1S$l "SOO . per h~t;a\t~. per~t:.. lfall :Material,Co$tf;l W$r$ 
to .d.ndreE*se ,l>y40l ,and reaal!) ,~h 'that leVel, the ~i.tY iOUladectea..~ to· 
abQut ,n1S , .. (0"; 29', ,gi'*ling,~, el ~$tiQitl' Wi,t1lt~~ct tQ.Haterial,,'Costs. ~f 
0,.735). ''.Me., reS1ll~4~e' vety"ch.,resen$!tt.~ tQW yleld ·andptQQuct 
pr1Q~a.$l.wptions (Whi~htoget1~r'.ake ,G.tO$S~nu~)<r .~ it a(g004) 
.f!l~robtaifi&1i¢lQ;~ only 20F~rctrtt. lts$thanthe experiJRental yields, 
tMnet aM'ualr:eturna WOUl~ ,~cline by 49 ,~tcentto aboUt n97(or 
U$$800)~'ltd$ bt>liesatl elastic1ty ,of 2.465which.ansthat teea 
,(~l'Mr$' tetbrna 'are highly dt!~tonhoW closelytbey ~r. ~l~to 
_tell tbeSI's .~ge.mt level. 

&tpet1J1ent: 12',000 Plants per Mtl 
CQsting nOG per 1/00~\ 

AreaUnit:,Mu 

AnnUity in tuan at. 8.0 per cent per ann1l1\l 

'Horizontal ~s -% Change inMATElW\L COST 
Vertical axis • % Change in GROSS ~ 

40.0 , 20.0 % 0 .. 0% -20.0% -40 .. 0 ~ 

1 1 1 1 1 I 
1 659.28 I 116.60 1 773.92 1 831.24 ! 888.56 I 40.0% 
1 I I 1 1 1 

"".~~-.. 
1 1 1 1 ~ 1 
1 467.13 1 5.24.45 ! 581.77 1 639.09 1 696.41 1 20.0% 
1 1 1 ! 1 1 

1 1 ! 1 ~ 1 
1 271\.98 t 332.30 1 3u~.62 1 446.94 t 504.26 1 0.0% 
I 1 1 i 

1 1 1 1 
82.83 ! 140.15 1 1S, .47 1 254.79 1 312.11 t -20.0% 

! 1 t t 1 

! 1 ! 1 
-109.31 1 -51 .. 99 ! 5.32 1 62.64 119.96 1 -40.0l\ 

! ! 1 I 

(By MtJLBUO) 

Wbil~ 'clle annual net (discounted) :eturns to this technology are highly 
sensitive to changes in yields and product price, 1?lot III .! S .leSt) 
sensitive than the other plots. 
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China Tea Dens! ty EXperiment Dan M. Etherington 

,3.1. 1bePtobl_·and the '.theory 

The.rked decline in yields over the last three years of the experiment 
is a typical pattern with cultivated tea" Pruning the tea is the normal 
agrOOQ'Qicpractice used to restore yield levels. It is then of interest to 
knCw" Whf)n to prune. 'lbe . b.1sic data \'.~re U$ed to simulate optimal pruning 
date$ wdnq standard optimal replacement theory (Perrin. 1972, Etherington 
1977) • 

For aconti.nuous income stream, the sum of the Net Present Value (SNPV) of 
ea~ings for one cycle is given by 

,s . -it 
(1) SNW(s,l) - TIJ &(t) ~ dt 

Where thg subscripts s and 1 refer to the optimal length of cycle (s 
periods) for a single (1) cycle. R(t) is the net; revenue in each ti_ 
period ' t' . ' i -, is the continuous discount rate. 

For the case of a series of identical cycles of an asset, the self 
replaceltlentproblem is to find the date's' which maximises the value of 
an entire income stream. This stream. is: 

-is -12s 
(2) SNPV'(s,oo) .. SNPV(s,l) + SNP'"v(s,l)e + SNPV(s, ~)e + • -•• 

Thiscycle reduces to (3) as the number of cyclf'.s increases towards 
infinity_ 

1 
(3) SNPV(s,oo) • ---=is SNPV'(s,l) 

1-a 

MaXimising (3) with respec:t to the replacement date t S' we obtain the 
following first order condition Ct 

. i e.l. 
!4 .. 1) R(s) - [ ,s R(t) e-l.t I 0t M 

To el. _ 1 

Equation (4.1) states that the annual (~t'9 ~'lal) returns must equal the 
annuity fotm!d from the discounted total flow of earnings. Since the 
equality condition is unlikely to hold and yield is not completely 
continuous, it is more useful to check the inequalities in (4.2) for the 
discontinuous case s 

s r (1 + r) 
(4.2) R(s) > (~R(t) (1 + r)-t 1 s ) R(s+l} 

o (1 + r) - 1 

Here 'r' is the discrete, as opposed to the continuous, disccunt rate. 
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A.A.I.S. 1988 ~ ToaD!nslty·· ~ri_nt 

3.2 .... ·1Cethod 

Int.bepart.lcular case. of ~a . productlonin ,~envi~Ol'IIentQf northem 
Zbeji~province,pruningtekes place after 'tb$'~letion of the Spring 
flush. rurthet8)re, pmning,does not returnyield$tQ'year ,zero' " but., 
rather:, to..,re IMture.yleldS. ,'Tt;p simlations W$re, Ul1dertakftll.. In the 
,!!!!!(All\lIIPtionAllt •• a.lUIIed; that in ·the yea.:afterprunili9y1 .. 1aa 
return to . theirlevela in year foutaf ·theexperu.mtal .reJUlts &net then 
conti...,.alongtherelevantyleld c::urve.In tbe . second (All11YIPtlon B), 
ri.lds ,after ",pnttd,ngproeeed. ,alongtbe yield ,eurves~neing in year 
'l:ive. !rhuI theau.atlonintbesguarebraCket$ in( 4 .2)willrunfr~ 
year.. (orS) to' a' .. ·the optiJaalprunin<jdate. '1becost ofprunil'lg 
(t20,30,40,and SO for the sue~$sivePloq) is char~ $gainst. the 
first "aeaaon, of each new cycle. 

JlIJI.III) ,~~ttesults (see Table 3) lIefe wrlttentoa disk file ~ ~e~ 
into a spreadsheet package .,*re they 'were ,ahOrt,ned (to.cc.ance in ,year 
four ana, :five) and. then sequential seasonal and ,annual aJlQrtisedvalues 
wete eUcW.ateQ.Because of the,· ae~ nature of ptoducUOIl, the 
uuonal lttlC)J:tiae<i ratumsare 'wr.vy' an annual local.aaxf.aBl. ''ltle global 
aaxlJaJa£or eachplot~esplaeewith the SultMrhar;vest lncl\lded. 
'aowever, it is ass~thatgood i'gronoadc praea;ce 'requites pruning to 
bike place i.a'lediatelyafter the Spt'inqfluah ratbettban inAuttlm. Hence 
the optwl date topJ:Une was selected by cboosirl9' the higher spring 
UDttiud value ,on either side of the glQbal ~r_l", '.tbt8 
procedurewaa repeated for three different intere$trates ( 5,10 and 15 
percent). In general, for continuous croppingsituationst higher 
interest rates lengthen the optill2l1 length of cycle. 

3.3. '!be atsulta 

~le 7 gives the optimal year for first pruning_ 'TheoptirAal length of 
the pruning' cycle is then th.ree years less in thecaae when the 'new cycle 
yieldsstat'tin year 4 (As~ion A) and four yeats less when the new 
cycle yields start in year 5 (ASSumption B) of the reseat'ch results. 'Ihus 
for the bflst plot, Plot III, pruning should bd<e place eve'CYfive years 
undet A8~tion A or every four years if Assumption B is correct.. 'ltte 
results are robust with £espect to variations in the interest rate. 

Table 7 ~ Year of First PJ:Un1ng 

AssuIIption fr' Plot I Plot II Plot III Plot IV 

% Years -
A 5,10,15 9 9 8 8 

B 5,10 8 8 8 8 
15 8 9 8 8 
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'lite iteJ.:ative .. pr~. tQJ; 'elStabll,sbing thef ... opthlal pnm1ng dates also 
gj,vea ithese$sona.I (and annual.) aortised. values.'!beR oregiven,fot the 
bJlt plQt!n ~e 8 .Be~e it will be .pen that variations int.be 
intG,; •• trateuke lit"e,iBpct ~redto th$ .ave ftc. . MmaptJ.cnA 
tOI!l.hvalue. have .~ ··used· ·to n!~culate teaUMlvalues (TVa)us$i 
iJl· tbe earlier analyais ~ it iSseflfi that there isa large dilctepancy. 
'Inotherwords,theae 'tendnalv&lues (TVa) 111OUld.,.,· COIIpIred to .tbt! 
"very ~~.tiVtl values \Wf:d . .in Table S(e.g.Y2,4S0forPlot ltl) •. With 
a 'tV of YS,600 (6,916), the overall a.nnuity for: Plot III increases fro. 
t394.7S to YS3Q (YSS6).'lbeaereGUlts ilfplya,verage a.QI1'U$l returns .of 
wl1 over ',US$2,000 'pe1; hecta,;e. If t.beprice ·of planting , .. t.~rial. to the 
famer wet, Y1S0 !P't' 'tbouend planf!!$ '.Jtd·tbe TVisYS,600,thentbe 
annuf.ty 'WQPld beY289 per yeat. ,f\lrtMrmore, the .enterprise ~d Itill 
91". ,an lD of ewer 26pttrcent andc:ould .-uatllin a further: 20 per am\: 
iner,.stin flaterialCoita and a 20 per eemt decrease in Gras. t;evenueto 
at l,ut break even using an-per cent discount rate. 

1J'8bl. 8 a.ur- SeUooal .Aaortiled valuuforPlot III 

.ArJnUal interest mtu .(t) 
AIauIIIptlOll 

5 1Q 15 
( Yuan ) 

A 201 204 200 

Tendnal Values .. 5,786 5,712 5,600 

B 249 248 247 

Temnal Values .. 6,972 5,944 6,916 

~ 

1\ Tendnal Values are calculated as seven tiaes the annual 
MOrtiaed value. 

'ltds paper gives the results of an econocaic analysis of a ten year plant 
density experi_nt \.lll&trtaken by the Tea Research Institute of China in 
the Institute's fields at Hangzhou, Zhejiang Province. '!be clonal tea 
variety UHd was "Longjing 43" bred at the In$titute. '!be experiment ~s 
the auhject of 'standard i TRI management with the use of fertilizer and 
suppleuntary i.rrigation. 'Ibe results indicate that of the fOUr: trials, l\ 
density of 12,000 plants per Mu (180,000 plants per heetare) 'Pve thE! 
highest returns .... equivalent to over 00$1,500 per hectare. 
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If indtedt.be tatarkably high plant densities used inthia exper~t do 
not bave negative longtena effects Qn tbeyieldpeJ'fo-=-nce of tbo ~s 
then the optu.al.pnm!ng analyslstn.1ggeltsthat theexc:$11ent re~ts 
teccl~ in'tabl. ~~tbc ~ider~ to be ccnaer:vatiw;t. PUrthedIDre, 
iJ: takti~tad1CJ1'...1 r~ctiOftlin yields Cand/oroutput prices). and. inc~_. 
in iftp,lt.costs toleadtofinanciallosGes ,in the· enterprise. Giwn theM 
raault& then, in·tt. onvb:«*nt8 fo," .idl "LOrtgjing 43"ia jUited,7JQt 
~!' thlsclonebut $.Iso the Vf~ high dfnuJityplantingahould be prcaoted 
strongly .a one~. fo~taisin<1 tea yielcis abQve. t:bt very low .levels 
repotte4 for Zhejiang Provin¢eand for the country. 
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