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The two-dimensional partitioning (TPEJtechniq~e of yield component an~lysis:(y"C;4) was -evaluated us-
ing a grou1}dnut, (1.rachiihlp"~1;f!.ef!L)/ro.pat jour pl~n! pop,ulqt!on ~ensities or five't~in~ing' i~te~sities 
(%) after fiQwering. The experirn.ents were carried out during the 1989/90 cropping season atthe Uni
versity of Queeiisllmd's Reli,icmd Bay'Pq.rm, AUstralia. Two cultivars '(Improved Virginia Bunch and Red 
Spanish) were gi~'Wn~.in Experiment)'- th'e'pia~i densiTies were lo, 21, 28.or 42 m,2 w~ile ilJ Experim~nt 
2, the five thinnilig.,?n!i!nsities were 0%, 33 %,50%, 66'% 0" 75%,'jrorn an (lJitial densityoj'42 planis'm-2~ 
Thinizing was-earned oui 32 daysiafter.plahttng. Total dry mass (TDM), -kernel y{eld and some plant 
morphological-ch~racteristics we~e measured. The res~lts show th,ar vaTititi011s in TDM and kernel yield 
m,2 were slgn{ficantli'ln./luenced by ihiJntri{l:~ic'" variances 'Of yield 'components 'an/ilyzedin this study.' 
For exa."!p}e:-i,!. b.?th, eXf!.er{ln~ilt,S,~v~rjq~(9~ /;( iDM m~~esu~~ed fr?'!l., vari,gtions. obs'ervea in -the plant
ing. density, [V~!c1 irfiuenced gro,wth r,erfo!l1}~nce of plan.~ mo.rp,hologiC~1 c?ml{0izents du'1ng tht ~;ason. 
The components,included, TDM/m!-mb?r.ofpegs+pod~, ratio ofpeg+pod numberlleaj'w:ea., and the 
number oj brmTch~s/plan(. Similarly,;dljjer?nces' in keme{yieid m,2 were,ass~ciated with tlie variatio,il i~ 

-~ •• ~ •. ~..J"\' "'I·_.'''~ __ ...... , .... • I... " ~ I 

the above components in addition to number'of kernels/pod and kernel mass. Thus, TDP-YCA gawFa 
~ • I. i 1_ I,. 'o/) '. ... ....',. ~ . ...... \ . '_~. . ....... .",. • ,. . _. . ' iJ,..~' , 

better analysis of groundnut response. to planting density and thinning intensity ajt'er fiqweri1J'g than 
when the analy~is 'afvariance (ANOVA) tec/1.nique was 1f.se,t! alone: ' , ,. . .... , .. " ''-' ' ,'.' ' .. , •. 

• • - .... ~ .. , ... "'- " ~ ... - ... ~ 1"'- ....... -' _ \. / ~ I v .. ./ .l •• ..; .. _' .~ _.; _: '_ ..... I J.:: 
Key wO'rds:·Arachis;,hypogaeG. 'b:; kernel yield, density; thinning., TDP-yeA :, ';;- , 

Intr.oduction" '::", ·~v; ~~';.~~'; •. J 

rywq=<!imensJ.o~al part!tl~~)~.g::~i~I~,~o~~~~ 
.1 n~n!i.l!.n.~I~~i.~ (TqP~ y<;:~t,\) . .is ~!1 <?bj~c

tive-Iaden.proto~ol to eyaluate treatmeqta~d 
yiel~ co~p.~~erii effects" on"cropg~qwth a~d 
yield CFreeiiIa~' 'it ai., 1989). in" this techniqu~', 
analysi; proc~eds by pa~iitionl~g 'Yi~ld. into a :set '! ~,,_ .... ~ _ ~ ... _ .... ' .... '. -,Vl'..!..i.. -

of components whose relationship wjttlyielq is 1 ,~ ........ - -- , . "." .' to "'" .w~ .", 
then examined. Sinc'e the work of Engeldow 

f '/- :.' -.,~. ',... ,~,'" :._:'~. • '"''IL •••. ~~"'~ 

and Wadham (1923), yield cOrilponentshav.e \ t· .. . i " • -'. ~1t. -' -, ... '_ r ~ \-'" J. 

been expressed as. ratios of simple plant mea-
~. I .......... __ , ~ \~~' .' _ .. _ ~ ..... ,' .t.'<J' 

sures,1 in which yield is ,both the mathematical 
" I'''' ... "' I _" . J I!. ''''' \. "' ~ . ' __ , 

and biological product of ,the ra,tios . (J olliffe et 
al., 198:i). :This tecimiqu·e -of ~naiYsis. is '~ideiy 

I ,. "./ .• L ..... - • -... • . • " ..... -

used iI} agr~!l~m~c c apd h9r~icul t~n~1 r~~ea~ch 
(Fraser and Eaton, 1983; TariPlo, 1997)', and.iri 
plant b;~eding (Eaton et aC, 'i 986) to study 

" ' 

piarit respbiise~ W various' management prac
hceS, -~d diff~r~ricesainohg breeder's lines; r~
spectivelY. The 'obje~ii~e of ibis paper is to ex
arhi'nes the appiication of the TDP~YCA 'tech~ 
nique a's a tool for investigating groundm;lt re
sponses t6 planting density or thinning .intensity 
treatments~under field conditions. ""~ -

.. 
Materials and Methods .. _u ' 

; .... - .. _.1 : ..... :;:, .. 
r _.' 

-'. \1' . ; 1 • • 

,t'Wo' experimen~s were carried ·oUt. during 
the'" 1'989/90 cropping se~son at the'Univers'ity 
of Qiieensl~nd'Redlan(BayF.aim (27'0 37' S; 
.1530 17' E), Australia. 'Th~,areahas ade~p, fri
able, 'fertiie '~ed 'lo'am"soil,(Krasnoiein) with 

I • . , 

6-0% ~clay:, Il~,:s.iIt an~:,i~% s~nd,(Keating, 
_ . ,p" . . ~ .. " _. ~ 
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92 A.J.P. Tarimo 

1~8i\ ''fbi's's'oil :~as ~~n's'idered' sifli~ble for" 'ier, pafticul'arly (ltiting pedods of,highhumidity 
ground~ufproductibilcip'_south,east,Que!!nsl<lp.d.,", ,,' -imdJollowiilg heav): rainfall: -, '"' ,~, _, ' 

The Experiments were established on land "Athar~est, six adj~c~nt plants in~ il' ~ow -were 
previously under a fallow crop of sorghum removed from each plot, ensuring that there 
(Sorghum bieolor Moench.). The land was was no loss of pods. The data recorded included 
plougned one 'mohth,;oeforeplanting.!Five'days ' ,; :lear"area (At:)'; mirhber of.branchesl\(NB);"leaves 
before planting, -a compound fertilizer was (NL), pegs (NpG), pods (Np) and kernels (NK) 
broadcast at the rate of 25 kg N, 30 kg P and-25- , ,per-plant. Other data were dry mass (DM) of 
kg K ha'l. Both experiments were planted by stems (WST), leaves (WL), pods (\yp), kernels 
hand on November"21,, to match the cropping, (WK) which we"r~ lI;sed to. compute total dry 
se'asonin,southeasterp Queensland.' ":' -, mass (TDM) per 'plant: ~."' ,,~', 
,'''The'plant density experiment wa~ sown, in. Plant parts were used-as yield components to 
rci~s;-'60 em ~pa:rt 'andfour w!thin-ro~ spacmgs :" 'study vai-iatio~'in "10M:' ~nd kernei'dry mass 
9feitner'4, 6, 8,'or 16 cm. These spadngs re-'~ (KDM) in the:gr~undriili culiivars. AYield'com-

\ • " , I. . ~ ,. • '" ; ~. '." • 

s.ultea in derisities o,f either 42, 28', 21 or 10' ponent in this study was defined as the ratio of 
plants, riJ.'2 ,~~spect.ivelY. The lay6~t 'of the 'ex--- .. one plant part to"ariotherqr tei the wholejJlant. 
per.iIl)-~nt w~s ~ randorrtiz'ed~coIl1plete block de-' Thus', the followfng iatio'sw~ie lI;sed as:yield 
, . ' , , . . \ ? • -;"..,' .-, ,"\c '. • ." '1 . '. -. -"" .. .- ... -- ."."., . ~ 

s!gt:l (R~BI?), "YJtli, _W-re,~, r~plic.~~~o~,s. Ihe plot, "; components: number Of plants ~~)~ Pf! area (A) 
SlZe w~s 3.0 ~ 3.9,m. .', -.~~ .. '.' .~ .. ~' .. ~\~., '''. (N/A) .. ;. number of-branche.s per .pl~nt (Ns/N); 

. " • \1.\'J.'.,\. ' , .• ~ ~ ..... ' ~~""."~'t" \' ".\-= 
. .::In the ~~cond expenment, same' cultlvars as leaf number per branch.(NLI~B); area:'per leaf 

I;, -""\ " , ~' '. . ..", ,. •• ~ , 
for' Experiment 1 were planted at an initial plant' " (tetrafoliate) (AL/NL); peg+pod number per 

, spacing cif60 x4 cm, resulting in ail initial den- ,-leaf area (N~G/AL); ratios of podriumber to 
sitl'0f'4~plarit~ m'2. TIlit:tnirig ,was niimuallY_".'~ ,peg+pcid mirhB~r (Np/N~G) 'afict'kernel number 
carried out oil December 21; 1989 (32daysaf-' ,'- to pod number'(N'KINp'j;individual kernerdry 
. , . 'I , ' \ I ',;""", ", - ~ , ,',. " .'" ........ 

ter planting (DAP», removing either 0%,33%', '- mass (K:QMlNK); branch number 'per g ofTDM 
50%,66%, or 75% of the plants within a row.' (NB/TDM); and, f'atio of tDM topeg+pod 
The percentages were,achieved by: no plant re- 'r nUII),ber ,(TDM/N.pS;). ,T.Qese yiltl~ :~o~pone!1ts 
moval-; removal of every third plant while skip- -- -were selected and arranged iif a cnronolbgiCal 
ping two.plant,s; removal of every alternat~ sequence as described by Jolliffe et al. (1982) to 
plant; removal of every t~9 plants'skipping one determine their association 'with, TIH.1' and 
plimt or removal' of every three plants skipping KDM m,2 in this study. 
cine plant within a row; respectively. The new Inb~th.'experiments, 'variation in TDM was 
spacings resulted in, densities of 42, i8,.21, 14 partitioned to' severalcomponents:-assuriJ.ing a 
or 1O:plantsm,2. Treatments v;ere arranged iri a chrorlOlogiCal sequence of plaiJ.f'developmentas 

• _.. . _. t,. ,I'" --.r.,·"" ~.- '"\ ~".. . 'Y . 

randomized complete block design (R(2BQ) suggestea by Jolliffe et1al.'(1982)."Thus, N/A-x 
with three repiications'. The plot'size \v3.s'3.2 -x NB/N X'NL/N~ x' AflNL x NpG/AL x TDM'/N~G 
3.0 m. Five rows, each 3.2 m long, were estab- '= TDM-(g m,2).-In'this relationship, TDM \Va's 

lished per plot to allow for enough plants to b~ ass:u.m~d'to deRend:on pla~tdensity (NtA), 
sampled for data, at each harvest.,,~. . , branches per plant (NB/N), leaves per branch 

In both experiments, plots were maintained (NUNB), area per leaf (AL/NL), peg +:pod num'-
weed free throughout the season, using a combi- be(per'-leaf'area' (l'l PGI AL-), and -TD Mper 

, .,,'.. ...,...... ..' 1". l' . .. .. 

natiorrof mec!Ianical'and hand weepin~ opera- _pe'g,+pod '§umber (1TDMiNpG). The ~atio, 
tions: ·A.broad spectrum i,nsecticide; -Lannate NpGi AL, p.rovides a link betwe'eri assimilate 
(225g 1,1 meihomyl) 'was'Sprayed at!ilierecom2 'source and assirriilate IsiIiks duririg reproct'uctive 

.' ~. • '.. '." + I ',; _ , ' 

mended rate whe~ foharpests appeilred on',the gf9wth, while' N/A copverts databn a per plant 
crlJp:' A t.temptnyer.e ma~e'tQ j!nsure t~a,t ba'sis; to pel unit area basis (J olli'ffe eta!. ; 
Lannate was used only when there wasanevi: 1982):- G.' -", " '-,-' " 

denceof insect pest damage ,to avoid environ- Kernel yield variation was similarly ana-
mental contaillination. Foliar diseases'were con- lyzed using the following relationship: N/A x 
trolled by frequent application of Bravo (500 g NB/N x NL/NB x AL/NL x NpGI AL x Np/NpG X 

1,1 Chlorothalonil) at the rate of 2 mt 1,1 of wa- NK/Np x KDM/NK = KD~' (g m'2). In this 
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Groundnut response to plant density and thinning 93 
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model, plant populati~n density (N/A) was con-, by the last componen~ is direct because earlier 

sidered essential'in determini,ng- v~hat~on,in ': "'1ccimponeiltshav'e,'already ,been accounted for in 

crop yield (Donald, 1963), hehce;':its inclusion' l"the regh!ssiOh'(Eaton:'et iii!~ -1986):-1 

as the first component in the model. The four 

components following NI A were, as defined for 

TDM, The other components iricluded the ratio' 

of pod number to peg+pod number (Np/NpG), 

kernels per pod (NK/Np) and ke.rnel size 

(KDM/NK) , ,." 
In both cases, syrp.bols used are those pro

posed by Jolliffe et al., (1982). ~e geometric 

models were transformed into additive models 

by taking natural logarithms of th~,ratios (Eaton 

et ai., 1986). The additive models were then an- , 

alyzed by the TDP-YCA technique,~s described, 

by Eaton et ai" (1986). The,results have been 

summarized in tables as percentage intrinsic j 

variances of treatments and yield. components, 

contribution to yield. ' L:' \,'1 

Interpretation or'TDP-yeA 
results ~"" " 

Interpretation of TDP-YCA results requires 

an appreciation, of st~p-wise multiple regression ,r 

procedures (Shawa et ai" 1981). To evaluate 

yield component relationships in the tables of 

results, they should be read vertically in the or

der of componencentry into thetstep-wise muIW~::

pIe regression analyies' preceding' eaclrt:op" 

analysis. In that order, values in Part (a) of each 

table are successive increments in the total sum , 

of squares (TSS) attributed to components after ' 

accounting for effects, qf earlier components in:, 

the regression. Part (b) of each table shows per-' 

centages of TSS contributed by each cell in Part 

(a) of the"table, geneill1ly referred to as incre- ' 

ments in the coefficients of detcrrmination i'n' , 

step-wise multiple regre,ssion analysis (Eaton ~t 

ai., 1978). The last column (right-hand side) of ' 

each TDP table, shows the regression coeffi

cients used in the tnmsformation of secondary' 

data into tertiary orthog~nal variables (intrinsi~' 
variances) analyzed by the analysis of variance, 

(ANOV A) teChnique to complete the TDP-YCA- . 

table. 
In both step-wise7iriultiple regression and 

TDP-YCA analysis, i't-the final component en- '! 

tering th~ regr~ssion. ~~, f9~P.<i to ,be sign~fisant" 

then it can be considered to have 'made a direct 

contribution to yield variation. The contribution 

Results,rl,I" , 

"'" '-2 
Effects of plant density on TDM m" 

In Experiment 1, the results .show that NI A, 

ALlNL and TDM/NpG accounted for 34%,5% 

and 6 % of the TSS associate(j with effects of 

plant population density on TDM (Table 1). No 

other yield component was significantly associ

ated with those effects. Differences among 

cultivars accounted for about 7% of the varia

tion in total SS for TDM, mainly through Ns/N 

(4%).-Treatment interactions contributed 19% 

to the overall variation in TSS for TDM; but 

this was not si'gnificant. These results suggest 

that a model comprising ofN/A, AL/NL, 

NpG/AL and TDM/NpG would provide an·accu

rate estimate of TDM variation among treat

ments,at maturity., Apart from AL/NL, these 

components accounted for most' of the variation 

1 in: the TSS fonTDM at-maturity. q> . .. 

Effects of thinning after flowering 
on TDMm-2 

,~- .. ~ . 
• r 

.. hi Experiine'nt 2,thinningaccounted for 

54 % of the total SS for TDM at maturity, 

mainly'through N/A (43%) (Table 2). No other 

component was significantly affected by thin

ning after anthesis at maturity, indicating com

pensation in the low plant population density 

environment. Cultivar differences accounted for 

12% of the TSS for TDM at maturity mainly 

through Ns/N (17%). No other yield component 

was significantly affected by cultivar differ

ences at maturity, Treatment interactions on 

TDM accounted for 14% of the TSS, bUt the 
, , . . . (. 

overall effects were not slgmficant (Table 2): It 

was also 'noted that ALlNL, i.e. li~f size, did not 

influence TDM at maturity in groundnut follow

ing the thinning treatments. 
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94 A.J.P. Tarimo 

~i!_~;":l~;" ~a~·.r~~:;::.j t~ ,·,{.,:l ·,:l.rrr~(1rJ~1 t.:G! ':'. J:"~ ';")) ;'-..-7 (j.\\ ...... t'7r2; t) r:'-:!!:·:·~C-,f~. i"'r)'.' '" "~t 

mT.abl~J;iJ!~o-cljm~n~ion"a,.p,ar:t!iionjng'Qfr.var!ati~ms in tot~1 $1ry lIl3!'sJTDl\~). (g~5) amtc~ryp~!1~nJ~ ~~ ma
tu~ttY"j9 ~~o gr:~undnl!t:~~~~i!~rs_~r~~n at f~~w.pla!]~ ~"~ns!ti~.:, ;' ,-~.":, "~:)'L'"'li ::..: ~:'[ ~"", 

Yield componentl Block 

(a) Panitioning of [Otal ss 

Planl 
den$ity 

Source of variallon 

POPUlalioi?,:Lh.; ~~~i;ig;·.~ 

N/A---; \r~_~ a.ocx>: .~·l-;-'·r:"'O.JS4·~B:t= '~~) 

NoIN 

.i ~J~~ :'.1 .. 
",:;> 

ALiNL" • 

....... ~ .... ~.I 
NPGlAl- . 

0.002 

,o.oi), 
() "~~M;~I'O:' ~ . ;~. ~'; o\~~; ~ ~~ 

0.001 

~~ "f~ O.~1 tr: 

. '0.061' 

I, 0.100 • 

0.045' 

'0.(0)' 

O.oo.i.' ,.:1 ..... 
.\ 

0.003 

0.003 ": 
0:018 

-'-~DM) ,1J'r. ·O.O~7~:('- ~;·'1.~O.583. _~·.l ,": '0:073. "-'j':. 

··~:B)Coefr:iehis~oideter~knvt$).:.t>~ "::'~ ..... '..:-";rt;i'"'~'~· ~' ~.:t,.J 

.A'N/A - ... r'l~EIJ;!·~ O.oo~£'" .:~ \~1.·,'-'f3;:55 • .i·'"\ :~~ ;')J(O.OO"'·; 1· 

,,~1~ !;.'jl:f;~.~ ·16.i9~:t ~;~J'~'"ie.r0.09j' ".>:;~-.:-: .. ,j;;." -...... 
• \\,'"," ••• " ",,,.~ T f'-', ' .,. \.. . ;~ . .oj .• 
NLiNB~\I."! ') ,\ :0.00' .... p' 0.09"~" ~) /\O.~-~· .... J 

" ... -;o .. ro:---- .... ~ 
\- ALiNl.- ~--'.! .. 0.19' 

~~~Al.i!\ .. ' ii,;;O ~~~~t<· 0.85":; t·)t~:"o.28-' 1,:~.; 

··-TbMiN~"- ,;}:- :1.73;. :--:,.~~. :ti;"·/~r·:~ :lr.;b.28~··\\-'!'~'£ 

-<."'l<r-1-· 
0.000 .. 

0.001 

0.005 or:. 
0.009 ';~4' 

0.006 

3.l2 

15.26 

.0.57 

1943 

,-::-;' 

0.004 0.052 

~: fO~OO8 2~. ~:' "w~~'.0i4'~' t~' ~"'1Io;6§~0 j -

"O.J; .;~:~~. r) 0;45'. \:-:":',:ILo~2IZl.. t-~ 
:lci.~57~:: ~:r! s':: 0:117 ~~ .... ~ '. :1 r~':03~9~4" :~f~~', 

~'·'···o.ljo~'!.; ~": ~.~,~;-7'0~j7j ~.~ Jr"l ... ~'·i·cxXl.~b~':· 

:. :-- -.o.OO5ZC::',lO~-: :-. 6~~"~-l' "-'0 .:;;~~J t·' 

·9.00 0.00 

16.78 100.00 

;_~ ~''''' 17 'TJ .. :-;' •. ;:- :#'~;~ . ;\i.:~, let ~ -~ r("~~' -: _~r"" "'r'"'-t·.;1(;~'JJ:~" 

'Significant (p<O.,95;'a§ observe!! frorTi'the.i'esults"'Ofthe an'alysis Ofvariance of comporients and Yile.d);;1 symliols 'are as defjned in 
text M1"- :iF~~'.~.; ,i.""'-' ~,...,:.,t- -;·t,-. .. ~J,,; ?i~·":~·"-·--:l 

.~{:,.;,- .. ~7~n.-:~·~~ :;):'r'-, ::?::_ :\",.1 :~(.~ "':-,' "\'J'~',\'.;-' ~ .... ",: .".} j':.. .~ .. ,; ... , _; ,,~-, .. .: <.-J;r"~~'.:-r~ ~:T~?'t .. 
... t~... r 1~·r,.r-'1 , .. ~ 9'.-4' -~. '·l~ " : [. f- -:;, .'<'::- -':L 1 '~, .... -.~ 

Table 2: Two-dimensional partitio:ii'ng:'of variation in tota,tdl'Y ~~s~cfD.M)j(gm"h and «;~mp~ments at ~atu; 
.... ( '.' ,i" r;it~Jn. t~~:grou~dnut"«;~I,tiv3f~. thinned at fiv~;,ip,teI.'~ti.es.at;3~ dl!Ys ~[t~r:plant~g. ,~S~I:i:"l :.,',~; 

r ;'Ii. J' ~. ~-." ,,'" .:.~ \ ,.-'1 fr or;)' ~urc~~{ .. vI~~.i~~on 
Yield COmpo~ntl Block.".. Thlnning intensity Line 

-·~~)-~~~~:~-~r~~I-.~"i":~-"---r-··-"·;·~~·.--:-:"········ :~: .' . ·:·"~:;·:·-"-~·:':!r-·~--~-·;-·;;·.-:-;~ c-:~-;···· 
- Ni;' . ,l~ ~.: 0.000; ,.; 11~124·":1~·".~;!r,~ Jo.OO> t'rl,i~ 

~~NBlN ~ f'~'lj~O,015L:-'" '~...;/ o.~'· ~:..r~E .... ; ~0~446·~-~~'.\ 

• ~U~B- ?~: j'- t" ..... '~Io 0.000 

AU~Is~'r rti"~=' 19·~5. 
NPGi AL • 0.004 

+-: -,0,006' _ <) "',: ,O'<XX>~-r"'':'''-,'..., 

'I '" 0.0~3.~ .::~'~ ~.t'o.~~~ 'r-.}: .. 

, f~~/~P~~:-:ll"; J).1 6.1 ~5' ~ 
.f .O,~IQ.; .','\ i--;l .. T.O.O~~ j' .t~·1 

~ 0,081' """0.006> I ' .. U_ 

-k~~;p~cif! ,1 ~.122 .4' 1. ~ .. )-~b.158 ' ~; ,;~4 t' !!{'.185 

: Ln(TDMj" i ;<;,-: '0.017 ." .' :i.394' .::- ~;; -'Oem'?:"":': 

(b) Coefficients of dereim.inalion ($)-. .- ..... -'.; ~ .. ~. "'- !'.. \,.,. 

:tN/A::.... :·l } ,O!~~C "~ -.-
NoIN 058 

i ~1NB~' ~~ ~ ;001 ,.;;'. ( 

NPGlAl. 

TDM/NPG 

Sum of products 

Ln(TDMI,,· 

0.15 

4.44' 

.... 71 

0.00 

0.08 
• j .... (., •• 

0.23 .. ~ 

31l 

6.10 

53.84' 

:. Tf 
• 0.00 
~, , , 

. ' 17.2j· 
,-

0.00 
.' 1· .... -· - "". .. ... ~ •. _ O.()t t 

0.23 

·715 

11.55' 

1 f!'h~ 'f'~" 
Interaction .... ;-:J.~.-; .... ~' .. ' 

0.0CiJ~ .- ::iO:<i"X> ':; 1£ ~~ ~r?t24' 

0.042 " J'-' :0.072:-'" M; ,:,....,",: .. 0,s7ll~ 

0.0~5·-';ryr ~~. 

0.067 ... ~;143 ,~ 

. 0 119 

~; ~o.o'li~ 
0.085 

0.137' J~' 

Oj68) 

O.()() • J • 
1.62': , 

rtf;: ","r' 
0.08 .. 

J.l5?~"; 

2.59 "L"'~ ".,'. 

3.28 

. 1'6.76' 
I 

'i:~ 89' 

1645' 

3.2t. ;, .~.~6 ,rrr-~" ,0,00/_)_," 

14.21 19.74 .'_ ': 1 ~ICxJ'()()"." 

...... '-"v· 

., 

...... .; .:~ ~':'i";";"" '. ~_; ... i"~ , ,': .~. .:.... ~ .... ;; .... 

• - ;.,,..-\'\',.~~- "'-' ~'71''''''''' :~ "'1·')' .' ( )" ."!.,.,, 
Significant (P<O.05; as observed from the results of the analysis of variance' of compo nents an'd yield);' symbol are as defined in 
text ." '. ' . . ' , 
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Effects of plant ~ensity ~n kernel 
yield m-2 

Through the TDP-YeA, it has been shown 
that variation in plant density accounted for 
34 % of TSS for kernel yield m-2 (Table 3), 
Treatment interactions accounted for 19 % of 
the TSS, The contribution of variation in plant
density to total SS for kernel yield was mainly 
through N/A (20%) and AL/NL (0,3%), No 
other component significantly contributed to 
variation in ke~nel yield through the effects Of 
plant density, The contribution by cultivars to 
TSS for kernel yield (21 %) was whole depend
ent upon variation in NB/N (21 %), Thus, in
creased number of branches per plant decreased 
kernel yield at maturity (Table 3), At the low 
density, plants partitioned more DM to vegeta
tive than to reproductive growth, 
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Effects; of t~innin§ after flowering 
on kernel YIeld m--

Effects of increased thinning intensity after 
anthesis' on kernel yield m-2 were similar to 
those of plant density (N I A) at crop maturity, 
Generally, groWth compensation was low where 
greater than 50% of plants were removed 'after 
anthesis (32 DAP, Table 4), Both vegetative 
and reproductive components pJayed significant 
roles in determining variation in kernel yield 
during reproductive growth and at maturity, 
Most of this variation was accounted for by 
KDM/NK, which indicated greater dependency 
of kernel yield on DM partitioning to reproduc
tive growth than on plant densities resulting 
from thinning intensities, Aspects of plant de
velopment, particularly the ratio of pegs + pods 
to leaf area, i. e, divergence of assimilate to 
greater reproductive development, ratio of pod 
number to pegs + pods (repro~uctive index) and 
kernel number per pod were important sources 

Table 3: Two-dimensional partitioning of variation in kernel yield (KDM) (g m-2) and components at matu
rity in two groundnut cultivars grown at four plant densities 

Yield componeJll Block 

(a) Partitioning of total SS 

NfA 0.(0) 

NoIN 0.031 

NLiNa 0.(0) 

ALiNL 0.(0) 

NPGlAL 0.084 

Np/Npe 0.054 

NKlNp 0.005 , 
KDMlN" I 0.026 

So~ of products ~.IOO 

Ln(KDM): 0.100 

(b) Coeffii:ielllS of delermination ($) 

NfA I ,/ . 0.00 

NoIN 0.86 

NLiNB 0.00 I. 

ALiNL 0.00 

NPGlAL 2.34 

Np/NPG 1.50 

NLiNp / 0.14 

KDMlN" 0.72 

Sum of products -2.78 

Ln\l'IJ/d) . ....... 2.78 

., 

Source of variation 

- Plane population Line 

0.731' 0.(0) 

0.020 0.041' 

0.003 0.(0) 

0.009' 0.001 

0.062 0.D18 

0.042 0.(0) 

0.076 0.(0) 

O.OSI 0.011 

0.181 0.001 

1.205' 0.772' 

20.33' 0.00 

0.56 20.61' 

. 0:08 ·0.00 

O.ZS' om 

.:. 1.72 0.50 

1.17. 0.00 

2.il 0.00 

2.ZS 0.31 

5.03 0.03 

,I 

Interaction 

0.(0) 

0.010 

0.017 

0.001 

0.234 

0.011 

0.263' 

0.024 

0.107 

0.66T 

0.00 

0.28 

0.47 

om 
6.51 

0.31 

7.32' 

0.67 

2.98 

18.55' .................. 

Error 

0.(0) 

0.065 

'0.027 

0.011 

0.377 

0.177 

0.179 

0.205 

~.19O 

0.851 

0.00 

1.81 

0.75 

0.31 

10.49 

4.92 

4.98 

5.70 

-5.29 

23.67 . ... 

Total 

0.731 

0.868 

0.047 

0.022 

0,774 

0.284 

0.523 

0.347 

0.(0) 

3.595' 

20.33' 

24.12' 

1.31' -

0.61' 

21.53' 

7.90' 

14.55' 

9.65' 

0.00 

..... .I.~;~ .... 

, ! 

bi 

0.345 

~.482 

0.105 

0.083 

1.015 

1.082 

\.247 

1.(0) 

*Significant(p<o.OS; as ob~erved from the ~es~lts of the analysis of~ariance ofcomponenJ and yield); Isymbol'are as defined in 
text ' " ". .' , . 
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Table 4: Two-dimensional partitioning of variations in kernel yield (KDM) M·2 and components at maturity 
in two groundnut cultivars thinned at five intensities at 32 days after planting 

Source of variation 

Y~el~_~.~p'?~_~~ .... _. Block ............. !~in.njn~ .. ~~.'::.~~!.I.r. ... Line Interaction Ennr Total bi 

(a) Partitioning ortolal SS 

N/A 0.000 1.18T 0.000 0.000 0.000 1.187 0.405 

.NBlN .• 0.001 0.000 0.029 0.003, 0.005 0.037 0.073 

NUNB 0.000 0.014 0.000 0.005 0.051 0.071 .{l.101 

AUNL 0.003 0.009 0.001 0.023 0.081 0.117 0.206 

NPGiAL 0.017 0.045 0.131 0.283 0.607 -' 1".083 0.552 

NP/NPG O.oI5 0.065 0.002 0.040 0.128 0.250 1.029 

NKlNP 0.063 0.002' 0.000 0.105 0.179 0.350 0.992 

KDMlNK 0.065 O.oI8 0.019 0.025 0.256 0.382 1.000 

S.UDl of products .{l.070 . 1.153 .{l.173 0.167 .(l.077 • 0.000 

Lo(KDM) 0.094 1.493· 0.009 0.651 1.230 3.477 

(B) To .... 1 SS(%) 

N/A 0.00 34.17· 0.00 0.00 0.00 34.IT 

NoiN .0.03 0.00 0.83· 0.09 0.14 1.06' 

NJNB .. 0.00 0.40 0.00 0.14 1.47 2.04' 

AJN .. 0.09 0.26 O.oJ 0.66 2.33 3.36' 

NPGlAL 0.49 1.29 3.n~ 8.14 17.46 31.15' 

NPlN,'C; 0.43 1.87 0.06 1.15 3.68 7.19' 

NKfNp 1.81 . 0.06 0.00 3.02 5.15 10.07' 

KDMlN" 1.87 0.52 0.55 .~ . 0.72 7.36 10.99' 

Sum of products· ·2.01 ·4.40 • . -4.98. 4.80 ·2.21 0.00 

Ln(KDM) 2.70 42.94' 0.26 18.72 35.38 100.00 

'Significant (P<O.05; as observed from the resuts of the analysis of variance of components and yield); lsymbol are as defined in 
text 

of variation in kernel yield following thinning 
after flowering. 

Discussion 

The results of TOP-YCA on TOM and ker
nel yield greatly improved our understanding of 
the physiology of groundnut response to plant 
density and thinning after anthesis. Economic 
yield in legumes is determined by TOM accu
mulated during crop growth (Muchow and 

\ . 
Charles-Edwards, 1982). A large proportion of 
vegetative OM is mobilized to grain growtl? 
during the maturation growth phase, i.e. the pe
riod from anthesis to maturity. The current re
sults have strengthened our knowledge o'f 
cultivar interactions with cultural practices ih 
determining TOM and kernel yield in ground
nut. The results have indicated possible avenues 
of manipulating the crop for improved produc
tivity. It is apparent that, variation in TOM dur
ing reproductive growth in groundnut depends 
on plant density and performance of various 
plant morphological components, including 
NpGI AL, TOM/NpG and AL/NL, during crop 

growth. These components are manipulable 
through improved agronomic practices or plant 
breeding. Increased leaf size, for example, in
creases TOM at maturity through increased net 
photosynthesis or more directly as an additive 
component of TOM (Jolliffe et at., 1982; 
Tarimo, 1993). In addition to the components 
of biological yield (TOM), economic yield in 
groundnut, also, could be improved through es
tablishment of an optimum plant density (N/A), , 
NpG/AL, NK/Np and KOM/NK (Quijada et at.'; 

/ 
1985; Bell et at., 1987). It was noted thavthe 
optimum plant densit~ for both TOM and kernel 
yield. for the two cuitivars was 21 plants m-2

. 
I ~ 

The 21 plants/ha is,c:lose to the recommended 
20 plants ma-2 for gro:undnut in Tanzania. . 
. In the thinning d.periment, in addition to 
significant components in Experiment 1, NB/N, 
was also a significant bomponent in determining 
variation in TOM at fuaturity among the treat-

I 

ments. These results show'that, compensation 
in plant size with increased thinning intensity 
increased TOM at maturity. Branches per plant 
(NB/N)and NpG/AL ~ere components of com
pensation for TOM following reductions in 

/ . 
plant density after thinning;/Thinning has been "', '~ / R
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shown to increase formation of branches per 
plant during subsequent growth in groundnut 
(Williams, 1979). Indeed, net photosynthetic ef
ficiency and DM partitioning are improved after 
thinning (Williams, 1979). These responses sig
nificantly contribute to variation in kernel yield 
at maturity because of increased assimilate syn
thesis and partitioning to reproductive growth in 
high thinning intensity plots. As reported by 
Williams (1979), increased vegetative growth 
after thinning compensated for kernel yield at 
maturity in the thinned plots. Thus the extent of 
yield reduction'depends on the thinning inten
sity and plasticity of the cultivar in compensat
ing for the removed neighbour plants. 

Conclusion 

In the two experiments, variation in TDM 
and kernel yieid m-2 was associated with varia
tion in the planting density. Plant density influ
enced growth performance of both vegetative 
and reproductive yield components in ground
nut. 

Both direct sown populations and thinning 
intensity treatments gave similar responses in 
terms of growth and yield performance of 
groundnut during the period from flowering to 
maturity. These results suggest that insect 
pests or rodents damage on field crops could be 
effectively simulated using data from such ex
periments. Usually, these pests do not cause 
mechanical or toxic injury to unaffected plants, 
implying possibility of growth compensation 
later in the season. 

The two-dimensional partitioning of yield 
component responses to treatments is a robust 
techniq~e for studying physiological responses 
of cr9PS to environmental factors under field 
conditions. 

, 
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