
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



GROWTH STUDIES 

WITH 

LETTUCE 

A thesis presGnted in partial fulfilment 

of the requir&ments for the de�ee of 

Doctor of Philosophy 

at 

Massey University . 

Michael Ad.air Nichols 

1970 



ABSTRACT 

Grov•th studies were made in the field using two cul tivars of head 

lettuce , Webbs Vlonderful (a crisphead type ) and Cobham Green (a butterhead 

type ) . 

In a fertilizer and density experiment using a systematic spacing 

design superimposed on a rotatable fertilizer design evidence is presented 

to suggest that the 'normal' reciprocal yield-densi ty model 

-1 W Ap + B 

(when W is the mean plant weight at density p, and A and B are constants ) 

is only applicable when there is competition at all densities . A 

1modified1 model is  proposed which includes an additional parameter C, 

the density at which competition begins . The modified model i s : 

w -1 = Ap + B if p > c 

W -l AC + B if p � C 

The plant weights in a non-competitive situation were fitted to a 

logi stic model using a ' heat unit ' environmental time s cale, and an 

analysis of the logistic parameters showed a response only to serpentine 

superphosphate . This quadratic response was due to an increased relative 

growth rate (due mainly to an increased net ass imilation rate) from the 

use of serpentine superphosphate up to 40 crwt . /acre . 

At low plant densities Webbs Wonderful has a higher relative 

growth rate compared with Cobham Green due to a slower rate of leaf 

production, and a higher net assimilation rate. This- net assimilation 



rato difference is attributed to the heaviGr leaves of Webbs Wonderful 

being light saturated at a hi2,her radiation level t han the leaves of 

Cobham Green. This theory is supported by the similarity in the yi elds 

f1·om the two varieties at high de:nsi ties . 

'rhe o:ptimwn Qarketable yi8ld spacing for Cobhem Green was found to 

be 1 .4 plants/sq.ft. and for Webbs Vfonderful l . l plants/s•l·ft .  In spite 

of a lov·er plant density the marketable yield from V!ebbs Wonde rful was 

arproximut&ly double that from Gobham Green (at their r espe ctive o pt i mum 

dens ities ) due mai!-.ly to the later maturity of Webbs Fonde:r:ful, but also 

due to its higher grm:.rth ratG • .  

In an CX}•eriment carried out in EP..gland, and later in New Zealand ,  

succcssive sowi::1gs ( over a total period of 22 mon ths) .... .-ere sampled at 

rr::.gular intervals from errwrgE:nce until :past ma tu:ci ty. The rJry wei ght per 

plant data were then fitted to a logisti c model, with a singl e  set o f  

:parameters f0r , ::-�eh vc.riety over all the sowinGB, using chronol ogical 

time , end a nwnber of environmental time scales . All the environmental 

time scalts tested provided a better fit than chronological time, with 

solar radiation being superior to 1hePt units'. A further improvement 

with the solar radiation t ime scale we_s obtained by valueing all radi at i on 

above a certain daily integral at only so%. 

In spite of the marked improvement when using environmental time 

scales , the results  have l ittle commercial application at present as a 

predictive tool beceuse substantial differences were found in the logistic 

parameter estimates for the t�o sites, and also in the estimates of the 



a sympt otes for tho different smrings . 

It is e s sontiel that the asymptotes be the same over all sowintS;s , 

or that the reas on for any variation be known, because being based on a 

loe·. s cale even a snall variation would result in a la.rge differe11ce in 

abso lute weigh t . 
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