
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 pennission of the Author. 



• 

Massey University Lib"rary 

New Zeal.ind & Pacific Collection 

A PRELiruIN rlY ~CONOruIC SURV~Y OF Tffi.. CITRUS INDUSTRY 

IN N Z.M 4ND. 

Vol. I. 

r 
I 



C 0 N T E N T S. 

A PRELIMINARY ECONOMIC SURVEY OF THE CITRUS INDUSTRY 

IN NEW ZEALAND. 

PART 

CHAPTER I. 

CHAPTER II. 

. ' 

I. INTRODUCTORY. 

SCOPE AND METHOD . 

A. Introductory. B. Method of Collecting 
D ta, 

C .. Location of OrchardSVisited. 

HISTORICAL SURVEY. 

A. Early Development. B. Later Development. 
O. Present position of the Indust ry. 

PART II. GEOGRAPHICAL DISTRIBUTION 
OF CITRUS INDUSTRY. 

CHAPTER III. FACTORS AFFECTING DISTRIBUTION OF CITRUS 
GROWING AREAS. 

CHAPTER IV. 

CHAPTER V. 

CHAPTER VI. 

A. Soil. B. Rainfall. C. Topography. 
D. Climatic factors: I. Wind . 2. Temperature 

. 3. Humidity . 
E. Nearness to market or transport facilitie 
F. Proximity to other Growers. 

DISTRIBUTION OF Cl'I/.RU S GROVES -:AND CITRUS 
DISTRICTS I N NEW ZEALAND. 

A. Present geographical Distribution of 
groves . 

B. Citrus Districts described: 
(I) Whangarei (II) Auckland. (III) Tauranga .. 
(IV) Te Puke (V) Gisborne. (VI) Hastings. 
(VII) Nelson . 

AREAS AVAILABLE FOR EXPANSION. 

PART III. PROPAGATION AND VARIETIES. 

NURSERY PRACTICE. 

A. General Practices adopted. B. The tyoe 
of trees required. C. Suggested methods ~;t' 
improvement: 
(I) Culling of Seedling Nursery Stock. 
(II) Manuring (III) Bud Selection (IV) Heigh 
of budding (V) Training of trees after buddi 
(VI) Root System (VII) General. 

CHAPTER VII. CITRUS ROOTSTOCKS. 

A. Advantages of 11 worked 11 trees. B. The Idea 
Citrus Rootstock. C. Varieties of Citrus 
Rootstocks in New Zealand: (I) Citronelle 
(II) Sweet Orange (III) Trifoliate orange 



CONTENTS CONTINUED. 

(IV)Sour orange (V) Other stock varieties, 
D. Double working. E. Proportion in which 
stocks are in use in New Zealand. 
F. Summary. 

CHAPTER VIII.SUMM:ARY OF ROOTSTOCK TRIALS IN NEW ZEALAND. 

A. The Tauranga Trial. (I) Layout etc. 
(II) Critical Examination of Results. 
B. Mt. Albert Citrus Test Area. (I) Introduc­
tory (II) Criticism of layout adopted. 
(III) Disnosal of other Selected Citrus Stock . 

CHAPTER IX. VARIETIES OF CITRUS I N NEW ZEALAND. 

A. Lemons. (I) Lisbon (II) Eureka (III) Genoa 
(IV~ Villafranca (V) Meyer. 
B. Grapefruit (I) New Zealand Grapefruit 
C. Sweet oranges (Il Washington Navel. 
(II) Valencia. (III Lue Gim Gong. (IV) Jaffa 
(V) St. Michael (VI Ruby blood. 
D. Mandarins (I) Satsuma (II) Temple oranges 
E. Proportions i n which varieties are already 
planted. F. Recommendations to Intending 
Planters and Summary of Varieties. 

PART IV. FACTORS AFFECTING THE LOCATI ON AND 
ECONOMIC ESTA3LISHMENT OF CITRUS 

ORCHARDS. 

CHAPTER X. FACTORS AFFECTI NG LOCATIO N OF CITRUS GROVES. 

CHABTER XI. FACTORS AFFECTING ECONOMIC ESTABLISHMENT OF 
CITRUS GROVES. 

A. Introductory. B. Initial Preparation of land , 
C. Provision of shelter. (I) General (II) Kinds 
of shelter trees in use (III) Location of belts 
and planting. 
D. Ordering trees. E. Drainage. F. Distance of 
spacing trees in orchard. G. Planting. H. 
General. 

PART V. 

INTRODUCTORY 

FACTORS AFFECTING ECONOMICAL 
PRODUCT ION. 

CHAPTER XII.A. The Sample ta~ en. B. inalysis of data. 

CHAPTER XIII. 
INFLUENCE OF AGE ON PRODUCTION . 

CHAPTER XIV.INFLUENCE OF PRUNING ON PRODUCTION. 

Xnalysis of Dat a collected. B. Pruning orange 
trees: (I) Overseas experience. (II) Recommend­
ations for N. Z. conditions. 0. Lemon Trees 
(I) Overseas Experience. (a) Experiment al 
(b) Helation to Physiological Activity 
(II) Recommendations for New Zealand ConditionE 

CHAPTER XV. CULTIVATION IN RELATION TO PRODUCTION. 

A. Analysis of Data collected. B. Basic 
prin~iples (I) General Discussion (II) A 
possible Alternative to Gultiv~ti~n 



CHAPTER XVI. 

CONTENTS CONTINUED. 

GREEN MANURING. 

A. Data collected. B. Discussion of Basic 
Principles. C. Overseas Experience. 

CHAPTER XVII. FERTILISING AND ITS EFFECT ON YIELDS. 

A. Analysis on Data collected. (I) Nitro­
genous Fertilising. (II) Phosphatic Fert­
ilising (III) Potassic Fertilising. B. 
The Tauranga Experiment. C. Overseas ex­
perience. D. General Discussion. (I) Root­
ing habits of citrus in relation to Fert­
ilising (II) Downward 1~1ovement of Fertiliser 
in the Soil. E. Suggested Fertiliser 
Programme. F. Liming. 

CHAPTER XVIII.DISEASES OF CHIEF ECONOMIC IMPORTANCE. 

A. Bark Diseases. (I) Economic importance. 
(II) Contributory Factors and suggested 
Remedies (III) Treatment. B. Citrus Brown 
Rot. C. Verrueosis. · 

CHAPTER XIX. INSECT PESTS OF ECONOMIC IMPORTANCE. 

CHAPTER XX. 

A. Scale Insects. B. Bl ack Aphis. C. Torins. 
D. Grasshoppers. E. Borer. F. Tortrix. 

GENERAL MANAGEMENT FACTORS. 

A. Introductory. B. Orchard Records. 
(I) What records to keep (a) Orchard 
records (b) Accounts. (II) Analysis of 
records. O. A~erage Production. 

Pi..tlT VI. 1v.LA.tl.KLTING. 
CHAPTER XXI. PREPARATION FOR MARKET. 

A. Lemons (I) Picking (II) Curing (III) 
Grading Regulations {IV) By-Products. 
B. New Zealand Grapefruit (I) General . 
(II) Regulations C. Sweet Oranges · 
D. Methods in Use Overseas. (I) Californian 
Methods (II) Applic ation to Local Conditions. 
E. Suggested Improvements in New Zealand 
Methods. 

CHAPTER XXII. SELLING. 

A. Sale by Auction. B. Direc~ trade. (I) To 
retailers (II) To consumer. C. Organised 
selling (I) California Fruit Growers' 
Exchange (II) New Zealand Fruit Federation 
(a) Objects (E) Dominion Mark Scneme. 
(III) Benefits of Co-ouerative Marketing . 



CHAPTER XXVII. 

CONTENTS CONTINUED. 

PART X. 

ORGANISATION, RESEARCH AND INSTRUCTION. 
IN THE CITRUS INDUSTRY. 

A. Introductory. B. Grower Organisations. 
(I) Keri Keri Settlers' Assn., tII) Auckland 
Citrus Growers' Assn., (III) Tauranga Citrus 
Growers' Assn., (IV) Tauranga Fruit Growers' 
Society: (V) New Zealand Fruitgrowers' Fed­
eration. C. Research. D. Instruction. E. 
Suggested changes in Organisation. F. Summary 
of Suggested lines of Research or Reorganis­
ation. 

PART XI. CONCLUSION. 

CHAPTER XXVIII. THE FUTURE OF THE INDUSTRY. -------

Short Bibliography and list of references quoted. 

APPENDICES::- (I) SURVEY FORM USED. 

(II) DESCRIPTION OF VARIETIES. 

(III) DETAILS OF GROVES VISITED AND MANAGE-
MENT METHODS IN USE. 

(IV) ORCHARD RECORDS - SAMPLE. 

(V) SAMPLES OF ACCOUNT SALES, ETC. 

(VI) (a} PROPOSED LEMON GRADING REGULATIONS. 

(b) 11 SUNKIST 11 GRADING REGULATIONS. 

(c) PROPOSED GRAPEFRUITGRADING REGULAT­
IONS. 

(d) PROPOSED ORANGE GRADING REGULATIONS. 

(VII) WHOLESALE AND RETAIL PRICES OF CITRUS 
FRUITS ON ACCKLAND AND CHRISTCHURCH 
MARKETS, I930 - I934, 



F" OrlTISPL:ilC~. A fine cluster of St. ichael sweet 

oranges grown in a commercial North Auckland orchard. 

New Zealand can produce a type of swee t orange , which , 

while perhaps not equal to the finest i mp ortad is of a 

sufficiently high standard of 4uality to meet with 

consumer approval and could probably supply a large part 

of the local demand for oranges. 



iO.tlh 

This survey was und..ertaKe.n primarily because it was 

consia..ered that some comprehensive survc.y was a necessary 

preliminary to a.ny sound. ad..vanct:ment in the citrus 

ind..ustry in New Zealand.. . Of necessity it nas been 

s.ubject to limitations of time a.nd.. of means to collect 

all the d..ata vvhich would. r .. ave been d..esi:r·able; many of the 

data are not yet available or are of a confidential nature 

while many of the •tacts" freciuently q_uoted with regard. tc 

the ind..ustry are little ~ore than assump tions - an unsafe 

foundation for the sound. d..evelopment of the industry. 

The survey is therefore tenuered.., not as the last word. 

with respect to the aspects of the ind..ustry d..iscussed.., 

but rather as a partial collection of such information as 

is at prtsent available, 1Jrest;nted.. in fairly lo6 ical . 

sequence., and. with some att&m11t to 5ive a balanced.. and. 

comprehensive, if some~hat sAetchy outline of the industry 

in its various phases. 

~uch information, of a detailed nature, d..ealing 

with particular phases of the in ustry was, of necessity, 

excluded.., in order to preserve the balance of the whole, 

while owing to the limitations of time and. finance it has 

not been possible to check as carefully as would. have been 

wished, the tables and. statistical analyses. There are 

d..oubtless minor errors in computation in some of the tables 

and. some errors in· the typing which have escaped.. detection 

but it is hoped that these ornmissions will not be regard..ed 

too critically. 

In the sections d..ealin6 with factors affecting 

p roduction,anQ proQuction costs the analyses deal with 

only one years figures and it is realiseQ that the analysis 

of subsequent yaa.rs date. mi 5ht yield results of quite 

d..ifferent magnitude althou6 h it is consid..ereQ unlikely 



ths..t general tr&nd..s would.. be affected... This weakness 

has been corrected as far as possible by giving tables 

in terms of relative yield..s wherever posaible, but in cer­

tain cases this has not been p ossible, e.g. age and.. pro­

d..uction, and.. surveys cond..ucted.. ov&r a period.. of yea.rs are 

necessary in ord..er to form a sound.. jud..gment as to avera5e 

values. Similarly costs per case vary consi erably 

accord..in6 to the si~e of crop marketed.. in any given year, 

and the fi 5ures d.rawn out for 1934 may be wid..e of the vcr 

age. Only a series of surveys can determine points such 

as these, and such a basis for the Qevelopment of the 

industry is very necessary. 

Such limitations do not, howtver, destroy the sign­

ificance of the analyses, nor seriously detract from the 

oribinal inttntion of 5 iving as comprehensive a survty of 

the field as wus lJOssible with the limited time and funQs 

available. It will be serving its pur Jose if it succeE:C 

in inducing those interested.. in the industry to un ertake 

a systematic stocktaking, and review the whole problE:m 

before embarking on any scheme of grtatE:r development to 

supply the local market. 

It is only with some trepidation that the last two 

cha ters dealing with the organisation of the ind..ustry 

and its p ossible future have been added... This w&.s nevE:r 

intended to be more than a preliminary survty and the con­

clusions or suggestions which are illade in those concluding 

chapters are, ther efore, of a somewhat tentative nature. 

The writer reserves the right to alter his opinions on the 

policies su -~ested there when more comp lete ·ata are at 

his ~isposal and more time is available for consideration 

of the p roblems which they present. 

August, 1935. 
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A. -'- ~LD1IN i?.Y E.CONOlvl.IC SURVCY OF TIC ... CITRUS INDUSTRY 

CHA.t'Tl:.R 1. 

IN • ZEA.UND. 

P. T 1 INTRODUCTORY. 

SCOPB :ND .1: THOD. 
• Introductory. B.~ethod of Collecting Data. 

c. Location of Orchards Visited. 

• IN1l.1RODUCTORY. 

ith increasint, c om_Jetition in the world's markets 

for our main primary .1: roducts and the imposition of quotas 

and other restrictions to the fr ee flow of international 

trading the Dominion is fac (;;:d '. i th e s1,,,riJus 1.., c 0nomic 

crisi • p lexus of favourable factors o~ erating over 

a pe riod of years has resulted in the rapid expansion of 

our main primary indu s tries. This rap id eA~ansion has 

b 1;:;e n acc1;.ntuated rather than retarded by tbe fall in 

· Qrld _. rices for our I rimary .. ,roducts, .._J roducers having 

endeavoured to offset the fall in .1:' rices by increasing 

their volume of output, thus tending further to accentuate 

the drop in 1 rices. 

The possible diversificat ion of our ... rima..cy p o-­

ducti on therefore assumt. s frc.sh importance under the 

stress of adverse , orld prices for our staple products 

and the threat of regulated shipments to our main market, 

Great Britain. The Dairy Industry Commission in its 

report states ( p .50) "The development of the citrus­

fruit industry to su1 ply fully the local market V',ith 

those types which can be grown in New Zealand is a 

reasonable objectiveu. 

It was therefore felt that the time was opportune 

for collecting and collating such informatio.n as v as 



( 2) . 

available regarding the citrus industry; the types of 

product that might profitably be 1 roduced, the methods 

of management in vogue, the cost of .reduction, the 

:.ne.rkt::: ts v'" il· .ble, 0 • cc.:.·cf'ul '3tudy of i.n~ orts t.nd the 

possibility of replacing imports, in ..;art or in "t.ole, 

by locc..lly Grov'm cit r·us fruits • 

.rhe information contained in this analysis was 

collected by personal visits to seventy-two of the 

larger growers of citrus fruits. These growers 

kindly consented to supply such information as they he.d 

available re&arding methods of management, 1,roduction 

and prices realised etc. (Set survey form used, Appen­

dix 1.) t the same tim& visits wer8 !'le.de to the estl:!b­

lis~aents curin~ and marketing citrus fruits, the main 

growers ' and re search orc;;anise. tions \':er~ c .9proe.ched for 

infon:ns.tion, th-=:: L.,l0s,.l~ 3.nd retail trade in the main 

centres of the North Island was interviewed while the 

various Government Departments co-operated in supplying 

information. 

C. ORCH.ta..1-DS VISITSD. 

Of the seventy-two orchards visited t"t.enty-four 

\ ere situated at Keri K~ri, eight at "hangarei, one at 

' arb,orth, twenty-tY:o in the b.Uckland .Jistrict, fourteen 

at Taurange., tv,o at Gisborne and one t etane. (.Plate 

1. she~s the position of the troves visited). The wide 

distribution of the growers visited is recognised as being 

a distinct disadvantage insofar as the validity of any 

conclusions in rc:gard to mana...,e111t:nt practicls may be 

concerned, but, O\',in~ to this being a .ir-::liminary survey, 

unavoidable. 'In any case after making due allowance: 



PLATE 

NORTH ISLAND 

f I 

SHOWING COUNTIES 
AND LIMESTONE LOCALITIES 

-lt-;,(f-l.,'tl•-tM•':" .., .. • 

-----r 

1 0 II T ' M 

S U I' T II I' A I' I •• I r 

- • i, ~--· 
· ' IAlttlU 

0 C EA N 

1. P in Map shewing the Qiatribution of the 

groves visited QUring the course of the survey, 1934. 

The red line indicates the main reute followed. 



for the wide distribution of the growers it must be 

stated that the growing of citrus fruits demands a 

set of conditions v.;hich co.n vary onl y ·· i thin certain 

li.ui ts, a 1d. c :cc. t .in i s'Jlc..t o:: d cases such a.s Ke ri or 

Tauranga it is doubtful whether any one district con­

tains sufficient growers working under uniform con­

ditions t o · .. e ... ·1·nnt t ~rn 8_),Jlication of the survey method 

t o the study of their 1roblems of management. 

For the purx os es of this survey, which can be 

regarded only in the light of a reconnaisance of the 

p osition, t he returns frmn the various districts have 

b t: ~n tr· Ai ted as a unit with the consequence that the 

conclusions drawn must not be accepted as final nor as 

necessarily app licable in individual cases but serve 

only as an indication of probable trends as a basis 

for furthbr investigation. 
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HISTORICAL SURVEY. 
• Early Development. B. Later Develop­

ment. C. Present position of the 
industry. 

• I..ARLY DEV 1.,L 01. lvwNT . 

The early history of the introduction of citrus 

fruits into New Zea l a nd has received t he attention of 

Mr. Geo •• Green and I am indeb t ed t o him for the follow­

ing notes culled from a lecture delivered befor e the 

Palmerston North Ro t a ry Club. 

"As far as is known, the first authenticated intro­

duction of oranges into New Zealand was made by Mrs.James 

Kemp, one of t he missionary _ ar t y \vhe; e.rri-v1::Jd at J:1.,ri Kiri, 

B::..y of Is"' w.nds , in August, 1818, bringing with her a £ew 

swee t orange _p ips from Sydney. It is recorded that these 

we r e p lanted in a box of soil at Keri Keri on August 10th, 

1818. Two young tree s resulted, both of which are alive 

and bearing fruit t oday (1935). One of these is now 

growing a t t he residence of the Misses Kemp's, Keri Keri; 

the other at aimate North at Mr. W. H. Mountain's. 

Shortly after or be fore this time the rough 

lemon (citronelle) was introduced and rapidly spread 

from the Mission Stations to the Maori settlements through-

out the north. A printed record states that in the ~ear 

1828 fruiting trees of both lemons and or ngcs existed 

at '.1'0.uranga.. 

•L~inons ·~!S r-:J int.r'.)duc ed i nto Nelson in the early 

·40's of last century, being p lanted by a 1Ir . :.:> ickard at 

Motup ipi .. 



•About 1850 several commercial nurseries were 

established in and about Auckland. These introduced 

both s,~eet oranges and lamons, mostly from Sydney, and 

these were wide ly distributed. Among early nurserymen 

were Messrs B. T. Hawkins, the late David Hay Senr., 

and the late C. T. V·, ren. The late Sir George Grey 

also imported f or his private collection, and among 

his i mp ortations vms t he ori 6 inal st r ain of our Po or­

man orange :-I. Z. Gr::.l'ef.cuit) , ·.1hi c:1 in 1·vc::..nt years 

has be en much improved by the selection of superior 

seedless strains. 

"About 1870 considerable interest comm~nced to 

dsvelop i n tht:... cultivation of citrus tr6es and com­

mercial named types of both sw eet oranges and lemons 

were introduced in quantity, the lemons being confined 

to the Lisbon t ype while t he o:cane,;es included the st . 

.L~icha<Jl , Pa.cawa tta and .33lletta. 

Between 1875 and 1880 several commercial plantings 

of citrus were made, the largest being those of Mr. H. 

B. Dobbie and Mr. L. Hanlon, both of hangarei, the 

former at one time producing 7,000 bushel cases of 

sweet oranges a year. In the eightie s of last cen-

tury New Zealand ltmons of high quality commenced to 

feature on the markets of the North Island, while in 

189 0 l r •• Morrison of ,ark.worth, staged a most com­

prehensive e.xh_ibit of oranges, lemons and grapefruit 

at the citrus e xhibit.ion in Brisbane, for wh ich he was 

awarded a go ld meda l. 
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In 1884, Mr. Geo. E. Alderton p,ublished e. small 

11 Treatis c and Handbook of Orange-Culture in New Zealand•, 

this be ing printed by t he Government I rinter with a view 
~,.,.,....,._C,,_.4--

of encoura g ing the more extensive . of Ci trus fruits, in 

the northern portion of New ZealanQ, and of aiding planters 

with r eliable information on the sub j ect. 

Other variet i es such as t he ~ureka and Ville. 

Franca were introduced from California about 1890 and 

l ater a type of E~reka known as swee t Rind• a s intro-

duc ed fr om Sydney. The Genoa wa s i1troduc ed by the 

Department of gr iculture a nd p l a nt ed in t he exper i ment­

a l bloc k at Taura nga about t we nty yea r s a go. 

~ roba bly t he l a r ges t i mp ort er of c i trus varieties 

in later y ears ha s bee n Mr. H. R. ri ght of Avonda l e , who 

now has proba bly one of t he l arges t c oll ections of citrus 

va :c ic. ties in t he Domi ni on 

Latt erly als o, t he Citrus Committee of the Insti­

tute of Horticulture , working i n c onjunc t i on ~ith the 

!Ju ... Jar t m~n t of Scient ific a nd I ndustria l Re search, has 

i ntroduc ed pedi gr e e budwood of the leading sta ndard 

va ri eti e s of ora nge s and l emons f rom Ca lifor ni a a nd 

Austr a lia . Thes e hav e now bee n 11worke d on a vari ety 

of rootstocks and t est tree s p lant ed in t he k t. Alb ert 

Citrus Test Area. 

B. LAT:bR DEVELO IL.NT OF THL I NDUSTRY. 

As has been mentioned, considerable plant ings 

of svv te t oru n6::: s v. t- r t. r a de during t he latter pa. rt of 

last century. ith the adv ent of this century, however, 

and the i mprov ed oversea s transport p r ov ided, t he .._.., r oduc­

t ion of S\ht:t.; t 01·-.. n ._;L; s de c lim, c;. l r r ;:.; t,; ly o'.. i n · to the 

increasing competition and cheape r fr e i ghts on fruit 

from Australia and the Islands. 



A steady development occurred during the next 

three decades, p lantings of lemons and ":Poorman 

oranges keeping pace with the expanding int ernal 

market, v hile during the latter part of the period 

swee t orange s have again been widely planted. 

The f ollov.ing :.:'eblEs give an indication of the 

increase in the number of bearing trees ov er the period 

1922 ... 30 ( exclusive of tree s planted in Borou6hs) and 

also gives an intlication of the amount of :fruit :harvested 

each year; the same data are presented graphically in 

Fig. 1. 

Such data as are presen ted in the II gricultural 

and Pastoral Statistics in respect of the number o:f 

bearing citrus tr ee s must be accep ted with caution when 

cons idering the growth of the industry as a whole, since 

these figures exclude all trees within Borough boundaries, 

the number of which must be quite considerable as it 

includes such areas as the Avondale Flats which are 

within the Auckland City boundary. Also assuming that 

fifty per cent of the trees now p lanted in r eri stered 

orchards ( see Table 111, p.9a and Table lV p.11) are 

not yet in bearing, the number of bearing citrus trees 

at 1/10/ 34 was 61,686; i.e. one would have to assume if 

the figures given in Table 1 represent accurately the 

position of the industry as at 1930 that the number of 

bearing trees has doubled in the period 1930/ 34. Not• 

withstanding that the increase may have been r pid over 

t he period it is probably safe to infer that the appar­

ent increase is in some measure at least due to a defic­

iency in the numbers ~uoted for 1930. 
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+ 
TAB · 1 .. 

Shewing the number of benring orange and lemon trees in the Domini on (exclusive of Boroughs) 
for the peri od 1922-30. 

19z1-2 1922w3 1973-4 1925-6 1927--8 1928 ... 9 1929 ... 30 

Orange trees ,,572 2,417 3, )17 5,282 6,660 8,159 6,501 

Lemon trees. 13,661 16,223 19,971 ~0,606 26,403 28,795 . 24,907 

Total trees 16,233 18,640 23 , ~83 25,888 32 , 063 36,954 31 ,408. 

+ 
TAB!£ 11. 

Shewing the production of bearing orange and lemon tr6es in the Dominion {exclusive of Boroughs) 
in bushels, for the period, 1922-30. 

:r roduction 
( bushels) 

1921-2 1922-3 19r3-4 1925-6 1927-8 1928 .... 9 1929-30. 

Oranges 3,439 3,738 2,6?3 5,649 6,311 7,971 8 ,390 

Lemons 10,956 10,998 13,844 22,369 26,230 35 ,86g 37,412. 

Total 14,404 14,736 16,467 28 ,018 32,541 43 ,840 45,802. 

+ Date derived fr om the Govt. Statistician's figures contained in Agri cultural and 
Faatoral Statictics- Unfortunately owing to economy measures no data are available l a ter than the 19~9 .. 30 season. 

-co 
• 
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An interesting feature made a_pparent by Fig.l 

is the general trend towards higheir production per tre 

over the 1 eriod 1922-30 and would suggest that ~ ith pay-

. -a~le 1 rices citrus gro·, ,ers ha ve g iv e, n more attention 

to their trees with a c onsequent increase in production; 

it might of course be suggested t hat the increase in per 

tr ee Lroducti on i s due, i n ~art at least, to the increas­

ing a ge of the p lantings and such is also p robably a con­

tributory factor. 

C. >Ri.S__.NT _ OSITION OF THL I NDUSTRY. 

( 1) Total oi tr~s t£_t..e_~ ~?l a nted 

By courte sy of t he Horticulture ~ ivision of the 
+ 

Department of Agriculture a list of the r egistered 

growers of citrus fruit in the Dominion was made avail­

able and t he figur e s hav e been analysed in Table 111., 

sheVJ ing the number of citrus growers 7 a na.lysed according 

to the size of grove. 

The Table discloses that at 1/ 10/ 34 ther e were 

2,798 'registered growers" of citrus fruits. The 

analysis di scloses however, tha t a pre1 onderance of the 

growe r s consaun e ly be considered to be commercial growers~: 

owing to their s ma ll number of trees, 69.5, ;J having l e ss 

t han 21 trees each and controlling only 9 .~;J of the 

total number of trees. By including t he next group 

( i.e. 21 -50 trees) the y osition is that 81.~J of the 

r eg istered growe rs have l e ss t han 51 citrus tr ees and 

of the t o tal number of citrus own only 18.6f . 

Considering t he l ar ger grow ers, having over 200 

tr ees, one find s t hat 153 grow ers ( 5-3r) of total} own 

51.6,~ of the total citrus trees. TheE,e ar e t he only 

growers ho mwbe considered t o be "commercia l growers 

+ .t1. rt; g ist t. r (.; d. 6rovvl., r is on l;.; lic ensed t o se ll fruit 
and is not to b b confused v i th a 11 taxa b L., • t,r ov·E: r. ' 



Group No. of 
trees . 

1-20 
2 1-50 
51-100 

101-200 
201-~50 
~51- 00 

01-1000 
Over 1000 

:l..' otd.s. 

+ 

(9 A). 

T A B L ~ 111. 

Shewi ng the Number of Re g i s tere d Citrus Growers in the Dominion ClassifieQ 
According to Size of Orchard, a s a t 1/10/34 . 

No . of 
Growers 

1947 
)37 
2 17 
144 

!i 
15 
3 

2,798 

10 of 
Total. 

69.5 
12 . 0 
7.7 
5.1 
2.7 
2 .0 
0.5 
0.1 

No. Lemon 
trees . 

8,544 
8,710 

12,426 
16, ~14 
14 $0 
14:6 9 
8,120 
2, 340 

85,973 

No. ora nge 
trees . 

3,~e~ 2,5 
3,579 
4,05-0 

+ '.),O~ 
12,4i 
3,0 7 
) , 274 

37,399 

Tota l No . 
trees . ---

11,80~ 
11, 29 
16,005 
20, ~64 
19, i9 
2.7 ,1 7 
11,207 
5,614 

123,3 72. 

1o Tota l 
No. 

9.5 
9 .1 

12.9 
16.5 
16.1 
22. 0 
9.0 
4.5 

Average in 
grouE. 

6.o 
)3 •5 
73.7 

141.4 
25-8 .4 
468.7 
$47.1 

1 71.3 

44 .0 

Thi s fi ure for t he nwnber of oran6 e s ia u nus ually l~ge due to the f a ct t ha t the 
majority of the p lantings i n the Ke ri Ker i Group Se ttlement Scheme fall into 

t h i s €:,roup . 

--- -- ------ -

-~ 
p, 
.._. 

• 
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in the sense that they own sufficient citrus to in any way 

approach giving a sufficient labour reward for one labour 

unit. 

The significance of these figures in relation to 

their bearing on problems of marA~ting and or6er iPation 

of the industry will be furt her discussed under those 

headings but it should be borne in mind that of the total 

of 2,798 registered 6r m. t::::r s onl;y 153 rn · r be c 1.assed as 

mainly dependant on citrus as a source of income; in the 

aase of growt::::rs having fewer than 201 trees citrus culture 

must be regarded as being chiefly a su.i?plemE:ntary (;,ource 

of income e.nd it is tht; 11' c1_, nCL.;ra.nce of this class of 

grower that renders extremely difficult the organisation 

of standardised marketing of the Lroduct. 

The TablE- shev11 s the total number of lemon t ·rees to 

be 85,973 ( bearin6 and not bearing) :::nd th .... number .., -f ora.nge 

tre tS ( sweet orange and N. 7.. Grapefruit) e,s 3 7, 3S9 0 i ving 

the total 1 lantings of citrus in re 0 istered orchards as 

at 1/1oj34 as 12j,37~ trees. 

This figure may be taken a.s substantially correct _ 

s ince a. c ,.,r.1.1; r, r is on of tht: numbers r lanted as shewn on the 

Horti culture Division 's lists and the number found by visits 

to individue.l rowers sheY1 6ood at=.;6r,:;er.1-c.t in tLe a 6gregate. 

Of th~ 56 ~ro¼ers who su&plied satisfactory returns in ans­

wer to enquiries the listed total of trees was 30,043 while 

personal en uiries shewed a tote.l nUI::iber o:f 31,019 trees, 

i.e. a1prox. a 3,o variati on , which must be regarded as a 

very satisfactory agreement. 
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The estimate of The Citrus Co~nittee of the IT . Z. 

Institute of Horticulture ( 1: 1934) that u p to the e ncl o:f 

1932, 250,000 citrus tre~s had been p lanted. must be regard­

ed as grossly overstating the position even after making 

clue allowa nce for t he number of trees in unregistered 

orchards. Their figures would 1 robably bG LilJ.Ch 

closer a_ppro_ imation to the true 1 osition, in respe ct of 

p lantings , if halved. 

( 11) Proportion_ of_ Bearinis to_l~o t B.eari_ng _Tre:~~: 

Unfortunately no indication is containe d in the 

Hor ticulture Division's li s ts as to the p roportion of 

bearing and not bearing tr ee s and no reliable data are 

available on this point. 

n indication of the position 1ney be obtained. by an 

analysis of the groves visited during the p re sent survey 

but conclusions bas ed on t nes e figures must be regarded 

as tentative only. 

Shewing the numbers and prop ortion of bearing to not-b ear­
ing11 trees in. the grov c:s visit ed during the survey. 

Lemons (excluding 
Ker i Keri) 

Lemons - total 

N.Z. Gra..t-t-fruit 

Oranges (e xclusive 
of Keri Keri) 

Oranges ( total) 

Other citrus var. 

Bearing 
Trees. 

5,892 

c:; 892 ./ , 

,~ of "not-bear­
total ing trees. ----

75, 0 

11,352 

1,777 

10,443 

65Jo 17,244 

40,.;i 4,403 

241° 936 

92,; 8,957 

Total all varieties 9,223 29.7'";0 21,381 

415 

8)5° 31,019. 
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It is probab le that the percentages shewn above for 

all va rieties is unduly weighted by the inclQSiJn of a 

lar~e proportion of ·not-bearing" tree s at K~ri Keri. 

AS e. basis f or dStiuc. t e it is probably safe to assume that 

50,.- of the plantings of l emo ns and Y . r.. GrB.f.) ufrui t (poor­

man o:ca.nce) a.re as yet not in bearing and that in respect 

of sweet oranges the majority of p lanting are not yet 

productive. 

Utilising thi s t entative basis for the pur ~oses of 

estimate would mean that the total number of bearing lemon 

tr ee s in the Dominion would be in the vicinity of 42,000 

tr ees. The position in r c6ard to swt-et ort.nw..,s and T.'"". 

,,:r·-~itfr~1i t rovio.ea no sati.. .. ct --Y 'ur9.:.s on whi ch to form 

an estimate since both varieti es are groupe d t ogeth6r in 

th t- liEt s cvaileblb. 



P .ziT 11... GE.OURAPIIICAL 

DI ST~ IBUTIJH OF crr.r ,ms DJ}(JS~. 

CH. ~-a 111 FACTORS FECTING DISTRIBUTION OF CITRUS 
llRou ING AR.fa.s. 

A. Soil, B. Rainfall. 
D . Climatic factors: 

3 . Humidity, 
E. Nearness to market 
' Pro .ximi ty to other 

c. To::;i ogra1,hy 
1. \, :incl, .2 . Temperatures, 

or transd ort facilities, 
Growers. 

Owing to the susceptibility of citrus trees to 

damage by othc:r than li6ht f i csts, their culture in New 

Zealand is necessarily limited to the more northerly parts 

of the Dominion, with the exception of certain localised 

areas further south where conditions are unusually avour-

able. Of the citrus trees grown in the Dominion, only 8.6 

pe r cent occur soutL of the uckland I rovincial area and. may 

for the l)urpose s of this survey be omitted from furt · ., r con­

sideration . 

The commercial growing of citrus demands a certain 

plexus of factors to ensure its ultimate success and is 

probably more sensitive in its d~mands ttan most other 

branches of primary production. The attempt to secure 

all factors in optimum is a difficult one and has led to 

the localisation of the industry in certain well defined 

areas. 

The imp ortant factors are briefly as follows:­

Soil 

B. 

c. 

D. 

E . 

F. 

He.infall 

Topography of the land.. 

Climatic factors: 
( 1) '"' ind.. 
(ll)T~mperatures. 
( lll)Humidi ty 

Nearness. to market or transport 
facilities. 

.t roximi ty to oth0r growers. 
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• Soil 

The primary cons id~ration in c iou sing a soil for 

citrus is that it should b~ exceytionally ,,ell drained; 

it is doubtful whetter under our relatively heavy rain­

fall conditions in Ne~ Zealand any soils are cufficiently 

well drained naturally; practically all New Zealand soils 

require under-drainage to secure minimum loss of trees 

from root disease. 

Tle most desirable soil is a medium sandy loa.m., 

which, while retentive of moisture during the summer is 

yet sufficiently light to facilitat~ 5ood drainage and 

cultivation operations. Fertility is a secondary con­

sideration to good physical condition and most of the 

citrus in New Zealand is growing on other than first­

class land , ith the eAccption of the Gisborne ~i~trict, 

and the later volcan ic oi l s of the han~arei ~ i s trict 

and the Auckland Isthmus (include s only a sm 111rop ortion 

of the citrus groves) . 

Sandy to ils of an extremely open porous nature are 

un suitable, ~s they do not hold sufficient moisture,and 

commercial fertilisers, when applied 7 leach readily so that 

the full benefit from their app l ication i~ not obtained. 

The presence of a hardpan of ironst one or impervious 

clay should be avoided as it leads to waterlogging of the 

soil during heavy rain and frequently to heavy scouring of 

the surface soil. 

Hume ( 18:1926) says: If the surface is good till­

able earth, with a fair admixture of sand, , so as to op en 

it up, and the subsoil is somewhat closer so as to hold 

moisture and prevent leaching, the ideal conditions have 

been found. 



B. Rainfall. 

Und.er New Zealand. cond.i tions, ,i, here irrigation is 

not practised., an ar~le well distributed rainfall is desir­

able (See Table lV&~ An average of at leas t fifty inches 

p er annum well di [ tributed over the year is desirable since, 

v i th less rain, dry p eriods are li ble to occur, as in 1934, 

and cause severe losses in production. The effect of such 

periods of low precipitation during the summer months is 

accentuated by the fact that insolation is then at its 

maximum. It has been suggested that irrigation in such 

seasons would bUfficiently increase crops to recoup the 

cost of installation and leave a substantial margin of 

profit, but so far as is known no growers in the citrus 

districts have adopted such a plan, although several 

growers in the Henderson District are considering using 

water from the Auckland City mains during exceptionally 

dry seasons. 

c. TO,tJ Ograpby. 

The land should be of level or gently sloping topo­

graphy to facilitate cultivation and minimise erosion of 

the soil by heavy rains. The idea that a slope assists 

drainage is probably in many cases falacious and even much 

sloping land will be greatly benefitted by artificial drain­

age. 

Level or gently undulating country is also easier to 

shelter from wind than hilly country and in a region such as 

New Zealand where winds are often severe, this is a point 

not to be overlooked. 

Topography and elevation in regard to surrounding 

land surfaces also have an important bearing on the incid-

ence of frost. This is shewn very markedly in the case of 
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the Moerewa Valley near Kawa Ka.via. where it is impossible 

to grow citrus trees in the open o~ ing to frosts caused 

by the drainage of cold air from the high land surround-

ing into the valley. In other cases, a difference in 

elevation of a few feet may make all the difference between 

suitable and unsuitable land for citrus. 

D. Climatic Factors: 

( 1) ind: Very windy districts should be avoided; 

hence the west coast, on the whole, is unsuitable, and the 

citrus districts tend to localise on thee st coast. 

Protection may also be gained from prevailing winds by a 

judicious choice of site in relation to the local configurw 

uration of the land. 

( 11) Temperature: "The bulk of the oranges which 

su11ply the markets of the world are . _produced in countries 

which experience a certain degree of frost, such as Cali~ 

fornia, Spain, Florida, Palestine, Australia, Japan and 

Italy. Oran6es grown in moist tropical countries are 

lacking in tartness, color, shipping and keeping qualities. 

All of these qualities, _so desirable in a marketable orange, 

become more marked as we approach the line where frequency 

of frosts makes the culture of the trees unprofitable. 

Temperatures below 30 degrees F. are, however, becom­

ing limiting factors to the growing of most types of citrus 

on a commercial scale. Such a critical temperature is, 

however, subject to variation within limits according to 

the influence of other factors chief amongst which are:w 
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(a). Diseases. Diseased conditions such as 
bark blotch or other disturbing factors either of a 
physiological or a fungous nature lower the resistance 
of a tree to frost. 

(b). The general vitality of the tree which is 
influenced by the 111e.nuring and general treatment. 
Nitrogen, sufficient to give a dark green colour but not 
to cause sappy growth seems from Tauranga experience 
(10:1935) to have a definite effect in increasing the 
resistance to frost injury. 

{c). Dormancy. The citrus tree is never com­
pletely dormant, but any practices tending to give soft 
growth late in the autumn should be discoura~ed; s E.. vere 
~runing, heavy nitrogenous manuring or late cultivation 
should be avoided where frost damage is likely to occur. 

(e) Stocks. Few data are available in New 
Zealand on the influence of the stock in increasing 
frost hardiness, but there seems to be some little 
foundation in Florida for the belief that trees worked 
on trifoliate orange are more resistant than those 
worked on sweet orange or citronelle, but no conclusive 
information is yet available for New Zealand conditions 

(f) Variety. Hume {18:1926) arranges the 
citrus varieties commonly in cultivation in the follow­
ing order of hardiness: -
( 1) Trifoliate orange, { 2) Satsuma mandarin,_ ( 3) sour 
orange , (4) sweet orange (5) grapefruit, (o) lemon 
{ including citronelle), (7) lime, citron and shaddock. 

West, of the Griffeth Research Station, N.S • . • 

found that under normal conditions lemons would with­

stand conditions of 28 degrees F., and sweet oranges 

26 degrees F. without damage, but any temperature 

which may be given is subject to the influence of 

nu~erous other factors outlined above. 

Slow thawing results in a diminished injury 

after frost, and may have an appreciable practical 

a pplication in the placing of shelter belts to assist 

in avoiding frost injury, e_.g. a high shelter belt on 

the eastern side of a grove may shield frosted trees 

from the early morning sun and avoid serious injury. 
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In attempting to establish a correlation between 

the degree of frost and the resultant injury to citrus 

tree: s, it is necessary to d ifferen tiatE: between e. \llground 

frost" as recorded at a meteorological station and the 

temperature of the air surrounding the tree. A much 

better correlation is likely to exist betw8en minimum 

air temperatures as recorded in the standard Stevenson 

screen and degree of injury to citrus trees. 

In thi::3 res ... bCt Kidson states( 20:1935): "In 

accordance with a Luropean convention, a ground frost 

is considered to have occurred whc::n the temyerature 

recorded by a minimum thermombtcr, one inch above the 

ground on an open, grassed surface, has fallen below 

30.4 degrees F. Damage, even to tender low-growing 

plants, is unlikely at higher tem_pcraturesn. "Many 

of the. ground frosts referred to in the preceding para­

graphs are confined to a very shalow layer at the surface 

and most plants are tall enough to esca~ t their effects. 

FLfftherrnor t: , t h..:; readings obtained by a grass minimum 

thermometer depend very much on the precise position in 

which it is 1laced. There is an increasing tendency, 

therefore , to c~ncentrat0 on the readings of sheltered 

thermometers at a height of about 4 feet above ground, 

such as are obtained in the standard stev-enson screen. 11 

However, in past discussions on the damage rt...sult­
~1v.1 

ing from a frost it lbeen usual to consider the.minimum 

on the grass and such have little significance in relation 

to citrus. A articular inFtance occ~rred in t h ~ cas 

of ~ .;round frost of 14 degrees at Tauranga in May, 1931, 

accompanied by a minimum screen temperature of 22.5 degrees 

F. This frost caused widespread damage to citrus trees 

in the district, yet a ground frost of 14 degrees at 
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Gisborne in 1934 caused no more damage than slight 

yellowing of immature fruit and the dropJing of occas­

ione.l lc:·6.VclS from soft growth; unfortunately no record 

is ~vailable of the minimum temperature recorded in the 

screen on this occcsion. ossibly, also, other factors, 

such as the conditions at tha~iog may have entered into 

the damage occurring in tnis example, but it serves to 

illustrate the caution which must bi.:: exercised in draY:­

in6 conclusions based on the degree of ground frost. 

Figure 11 shews, f or the North Island the number 

of days with ground frost per annum, 11.h ile Fi€:;ure 111 

shews the 1i10re si 0 nificant feature, namely the number 

of days per annum with minimum shade temperature be low 

32 degrees F. It will be noted that the principal 

citrus growing districts fall in t he area of 25 ground 

frosts ~er annum or less, but this number is fairly 

frequently exceeded at Tauranga and Gisborne. The 

North uckland peninsula and the Auckland district fall 

in the area of less than 10 days per annum 1_11; i th a .ninimum 

shade temperature below 32 degrees F., while a narrow 

coastal belt along the east coast of the peninsula comes 

in the area of no days b~low 32 de rees F. rec0rded. 

Tauranga and icbJrne on the other hand fall betwc:en the 

10 and 25 days per annum fr1::qubncy lines. 

"Frost, however, is e very local phenomE:.non , and 

the frequ 1::ncy of occurr1::nce may vary ,,ithin wide lihlits 

over· H C.)i.1 .. _:>u.r·e.tively small area. (20:1935). This tendency 

to localisation of frosty areas in the citrus districts 

is very marked and make s it a matter of extrem~ difficulty 
+ 

to mc.p the "frost frte 11 areas. 

+ ] 1rost free is used here s purely relative term 
in resiect of the growth of citrus fruits. 
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FIG UR 11. 

Shewing the Number of Days with Ground. Frost 1;er annum. 

( After Kid son). Note that the main citrus areas fall 

either outside, or just on the line of 25 frosts yer annum 
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F I G U R E 111. 

Shewing the nmnbe r of da ys with linimum Shade Temperature 

below 
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TABLE v. 

Mean Number o:f Frosts in the Screen in the 1J.ain Citrus Areas. 

-----------------------
DISTRICT. JAN. Fbffi . llilA.R. A.,: IL. Jil.AY • JUNLa JULY AUG. s T. OCT. NOV . DEC. YEA.R. 

AUCKLAND. . . . . • • . . .. . . . . . . . . .. . • • .. 4 . . .. . Nil. 

TAURA.Ng.A o.o 0.4 o.o 0.1 0.9 3.0 4.5 2.7 1.1 0.2 o.o o.o 13.0 

GISBORNE .. . . 0.2 0.5 3.0 4.5 2.2 0.7 . . . . •• 11.0 

HASTIUGS . . . . .. 0.3 4 .. 9 6.8 ·10.7 5.6 4.6 1.1 0.1 . . 34.1 

NBLS0N . . . . . . .. 0.2 3.4 4.8 2.6 o.g . . . . 12.1 



VI. 

ean Values for eteorological Observations at Auckland. and Taurange. . 
--------------------------
AUCKLAND ( 160 ft. ) 

Jan Feb lv!a.r Anril Mav June July Aue: Sent Oct Nov De c Year . 
' 

dean Dai ly Iax imum 72 . 6 72 .9 70.9 66.9 62.1 5-8.6 5-7.0 5-7.8 60.1 6~.2 66.o 6g. 3 64 . 8 
ean highest maximum ~8 .6 ~8 .6 76.4 72.2 67 .3 64 .0 62 .5 62.8 65 .4 6 .6 72. O 75.7 ~-7 
bsolu te highest 1uaximum 1. 5 5.0 79.0 77 .4 71 . 0 

~~ -1 
65- 6 ' 70 72 75.~ 79 

4ean Daily Minimum 59-~ 60.4 58 . 5 5~ -3 51 .3 46 .2 4l .£ 48 .9 51.7 54.1 56 .8 53 .1 
[ean Lowe st Minimum 51. lg 51.5 4 .4 42.7 39.5 38 .1 39 .1 41 -~ 44 .3 47 . 1 49 .4 37.3 
~bsolu te Lowest Minimum 48 46 41 38 36.5 35 36.4 37 . 41 41 43.5 35 
>ays of frost in scre Ln . . .. . . . . .. . . . . . . . . . . . . . . o. o 
>ays of ground frost • • . . •• • • . . 0.1 0.7 0.1 . . • • • • • • 1.0 
1.e lat i ve Hurnidi ty 77 75 78 79 81 80 82 80 80 79 79 77 79 ---------------- ------------

TA.URANGA { 22 yrs) . 

ean Daily Maximum ~4 .1 ~4 -5 ~2 -4 67 .9 62 .7 ~8 .8 5-7 .6 5-8 .8 61.9 65.2 68 .2 ~1.9 66.2 
ean highest NJ.B.x imum 3.1 2.2 o.8 74 .4 68 .9 5.7 6g.6 64 . ~ 69.3 72.3 ~5•9 1.5 85 . o 

~bsolute highest maximum 87 .5 87 .0 86. ~ 78 . 5 75,,0 71.5 6 .o 67 .. 75 .0 78 . 0 3.0 87 .0 8~.5 
ean Daily l inimum 53.9· 54 .9 51 . 48 .1 44 .2 40 . 6 39 .5 40 . 0 42 .7 46.5 49.1 51.3 4 .9 
ea.n Lowe st l i nimum 42 .. 8 44 .0 41.1 36 .5 32.5 29 .~ 29 .. 3 30.1 32 . 0 34-3 38 .1 39 . 2 27.9 

~bsolu te inimum 37.1 35.0 34 . 5 31. 0 22 .5 23 . 24.5 24.2 21.0 25.0 31.0 31.5 21. 0 

rrost in screen . . 0.4 o. o 0.1 o.~ 3.0 4.5 2.7 1.1 0.2 . . .. 13.0 
}round. frost (6yrs) 0.2 o.o o.o 2.4 9.7 14.2 16.0 14.2 7.7 4.2 1.3 1.3 71.2 
lelative Humid ity (4 yrs . 71 75 76 79 78 82 84 84 81 79 78 74 79 



Not only are insufficient data available in the citrus 

areas, but the variations are extremely rapid and complex, 

to ~hi ch nwLt be added th dif iculty ~h~t citrus trees 

differ in their susce~ tability to frost injury, as out ­

lined in s. previous :para6 r11 ... >h. ·However, the area s he-\~.n 

in Fi 6 ure 111 as hsving less than 10 days per annum may be 

taken as representing the majority of the areas suitable 

for citrus e;rowing; it must be eJ1phasised, however, that 

t;Ven within t:1is o.rea there are numerous areas where, owing 

to local configuration of the land or other conditions frost 

are experienced of too great severity for the successful 

co!Il!.nercial culture of citrus, e. t;. :...:oerewa valley ,.rnd numer­

ous other- areas. ( see Figure 11. .Area enclosed, more than 

25 frosts per annum). 

lviany of the fro .:: ts experienced in this belt are 'Jf 

tJ:ie 11 gravity" type, i.e. due to the st::ttling of cool c.ir 

from :.-1i 6her land surrounding a valley. A level plain 

or valley bottom will be more subject to frost than a hill 

slope, and a hollow in a plain still more so. Table V shews 

the mean number of frosts in the screen in the me.in cit.cu.s 

f:: 1·c1.:.s, -::n1i l c: 1\ ... ble Vl shdVIS tllcJ ,.ne an values for temperature 

records at Auckland and Tauranga. 

A~,art from configuration of the land the incidence 

of frosts is affected by otEer :t'ad;ors such as the humid.j_ ty 

of the atmosphere, the amount of m~isture res~ct in t~e 

soil ..... nd. in JrJves close to shallow tidal estuaries the state 

of the tide has an influence, frosts tending to be less 

severe when high tide is betwe en 3-5 a.m. 

hatever method is used in atternpting to correlc.te 

temperature with the growth of citrus on a commercial scale, 

it is open to a great many sources of error; the final tcst 

must always be the success of trees in actual growth on the 

area. 
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111) elutive Humidity : 

humidity of the atmosphere t hroughout the citrus districts 

in t1 e :JJ1i1iniJn is _·E::1£. tivL.ly high and this is probably 

inimical to the production of fruit of the finest col our , 

t E::.ztu:ce rind) and keep ing qualities. Mo st of the oranges 

supplying the world's markets come from areas having a low 

averae:,e relative humidity and a ,naximum of sunshine; con­

ditions usually only realised under irri66t8d conditions. 

( D) Nearness to Market or Transport Facilities: 

'f. ith improved overseas communication t r,e c ..., st of 

landing fruit in our markets has b6en considerably reduced 

so t hat the inar...;in of .!.. rotc::ction a f.,:, orded by fr:;i._;ht cli +-er­

~110 a in f .... Y:JLi..1: ' o'~ t:1~ l0cc..l gr ower has been considerably 

reduc ed and in the case of shipments to South Island ~arts 

has in some cases become ne gligible. The question of 

p roximity to markets therefore becomes increa s ingly important. 

For examp le take two growers, A. and B.; A situated 

in close p ro ximity to the market and able to d e liver his 

frL1i t for t wo penc t: a case ; B. si tuo.t e d in a. ,nJre re. ate 

district but su _ _1 l :,. in~ t:1.;::; !1.;.._·JL t ' t a cost o:f 1/2d. Given 

equal quality fruit, A. stands to receive a nett return of 

1/- per cse more than B., which on a pe r acre basis on a full­

bearint Lr~ve represents a pproximately £20 per acre per annum. 

Capitali se d, thi 9 me ans the. t A. could 2- fford to pay £400 per 

acre more for his land than B., assuming other costs to be 

equal, and still be on an equal competitive basis. such 

differenc&s do actually occur, in su~plying some of the main 

markets in the Dominion . In t his respect t he auckland 

district is particularly favourably situated since it has a 

large local market and is served by both rail and boat for 

shi~p ing to southern markets. 



Transport, in the early stages of the development 

of the indus try, wa s ~r incipull y by rail or b0at and in 

conse u ~nce t .• ;:;r' J ·,,as a t -:)rl'i.mcJ fJ __;1·0 .. 1vrti tJ select 

orchard sites in close _pr oximity to shipp ing or rail 

facilities. ·v;ith the adve nt of efficient and sp eedy 

road transp ort this factor has probably ceased to exercise 

a measurable effect on the location of groves. 

(El l' roximity to~her _g2: owers. 

This has probably exerted a mea surable influenc e on 

the location of groves and localisation is highly desirable, 

since it r ~::nders p ossible t h6 erection of ..,.,ro_pt:rly su.1..J _._, r v ised 

and. :·(., 11 e"qippec. central ..!2.ckin._; .. d. cu1·ir:._; dep ots with the 

cons equent advantages of s t andardised packing and marketing. 

The opp ortunity afforded of di s cussing problems with 

other growers is p robably also a factor in increasing effic­

iency in 1- roduction and i ntr oduc i ng new and im.._., roved. methods 

.J 



( 28 ). 

CH.ii T..JR lV. )I31'fl_-uBuTIJH JF CIL{US J._·{OV ..... S ... :i.i) CIL~U5 

.... esent _;c:o_;r9.)'li c1.l .Jist , ioution o 
groves. B. Citrus Districts d escribed: 

hangarei, ( 11) Auckland. ( 111) Tauranga. 
~e :.. uke. ( V) Gisborne. { Vl) T.i::.:,stinr_;s. 

( 1) 
( lV) 
Vll Nel.3on. 

P.RbShNT GbOGRAPHICAL DISTRIBUTION OF GROVES. 

By the influence of the factors discussed in Chap~r 

111, the citrus indus try ht:Sbecome loca ised to a marked 

e xtent in certain areas. Table Vll gives a reasonably 

accurate p icture of t he distribution of citrus growers, 

average size of orchard and number of tr ee s in the various 

districts. The di s tribut io n of tSrovers ' i t h ov r 100 

trees is shewn graphically in Figure lV, while Figure IV a 

etc. shew the local di stribution in the ns.in ar.Jas (Hla. kad 

by l~rgB circles in Figure lV). 

On the basis of number of tree s p l anted in reg i st~ red 

orchards the citrus districts are arranged in the following 

order; uckJen:l, WMgarei ( includes Keri Keri), Tauranga, 

Gi s borne, Nelso n and Hastings with a few gr owe rs in other 

di s tricts. 

The extent t o which the indus try i s commercialised in 

any one di s trict may be s t be judged by t he average size of 

the groves. On t his basis t he districts are grouped in 

desc ending order as follows: rhangarei district, 114.3; 
u 

T~ranga, 63.3; uckland 50.5; Gis~crne, 22.9 and Nelson 

20.4, the average size of grove for t he Dominion being 44 .0 

trees. 
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FIGURE,..., lV. Pin ~~P shewing the distribution of 

growers in New Zealand with 100 citrus trees or over. 

Each pin represents a grower - however for the main 

districts, marked by large p ins, see the sectional 

maps as indicated. Only a vevy small pro~ ortion 

of tbe total growers fall outside the limits of 

relatively localised ar6as. 
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TABLE. Vll. 

Shewing the Number of Growers, Number of trees and 
Average si~e of grove in th~ main citrus.districts. 

District. No. Growers Lemon Oran~e ':'ota l Avera ~e 
Trees. Trtes Trees size ~rove. 

~hangarei 29~ 15,g96 18,790 34,186 114.3 
Auckland 94 35, $7 12,070 47,967 50.5 
Hamil ton 126 1,0 4 239 1,323 10.5 
Tauranga 391 21,542 3,2~3 24,775 63.? 
Gisborne 1i6 2,i40 1,5 4 4,5oi 22. 
Hastings 2 7 3, 04 974 4,57 17.1 

ellington & 
Taranaki 248 1,248 231 l,47i 5.9 

Nelson 201 3,912 2b6 4,11 20.4 
5th.Island. 122 350 87 437 3.5 

Totals 2 ,798 85,973 37,399 123,372 44.0 

The position of the hangar~i District is, perhaps, 

slightly misleading , since its high average number of trees 

per grove is greatly affected by t he influence of the Keri 

¥eri Group Settlement Scheme where the averege size of grove 

is in the vicini~y of 500 trees. Since this area consists 

pr~r cipally of young groves, production i s not in proportion 

to the number of trees plan ted, but a rapid increase may be 

anticipated in the future . 

B. THEa CITRUS DISTRICTS DESCRIBKD. 

In order that the later discussion on cultural 

practices, etc., may be more intelligible a rapid survey 

of s oil conditions, and other factors in the various districts 

where citrus is principally grown is here given. 

( 1) ,harigarei Di strict. 

(a) Keri Keri sub-di strict. 

The citrus plantings at Keri Ker i con oist entirely of 

young trees and represent by far the largest block of citrus 
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of uniform age in the Dominion. 

are shewn in Table Vlll below. 

TJJ3Lfil Vlll 

The ages of plantings 

Shewing the age of present plantings of citrus in the Keri 
Keri Group Settlement: data kindly su1plied by Mr. R. aters, 
Honorary s~cretary of the R£ri Ker i Settlers' Association. 

Year of .1.. la.nting. Lemons Oran t es Other Tvte.l. 
Citrus 

192~ 230 
192 ~, }~ 1 
19~9 ~ ,~ 
1930 1, 55 
1931 !9 193<' 

9 ~ 1933 
1934 1,678 

264 t94 
C:: •gr 21~ 7, 54 .),'-t ,: 

4,%93 ~,510 

~~i 133 ,~91 
95 

)4~ 273 1,712 
188 5 1,181 
853 49 2,580 

Total 10,665 13,171 7,1 24,557. 

The plantings are the direct result of .the formation 

of t he Alderton Group Settlement Scheme and its administra­

tion by The Horth .b.UCKland Land :Jevelo1ment Corporation Ltd. 

The Corporation comrn.enced operations in "'ctober , 1927, 1-' ur­

chasing an estate of a~prox. 8,000 acres of which the elling­

ton end U~lands Blocks have been subdivided and opened f0r 

settlement and the easily plov.able areas largely planted in 

young citrus trees, about fifty-four sections having been 

rlanted (see Fi~ures V and lV a). Tht;; area of land h~ld 

by the Corporat ion and suitable for citrus has now been 

mainly sold to settlers or intending settlers, &ltbou~h 

parts of the _iver View Block are still suitable for develop-

ffit;;nt. Lar 0 e areas of the oritinal purchase of land are 

11 iro nstone 11 c ountry and. l robably unsuited to the growing 

of citrus. 
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Plan of KERIKl,RI (,HOl I; -,ETTJ. L'.\IL:S:T I'- I \ 11 . 

lur- -

T he :'\"orth \th.kt. 11d I u11..I D1.•, d op1m:n t Corf! . I td. 

- r~~ 

~ r;;:::/J 
., 

R1~1FR i,tu SITE 
t .• 

• 
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. ~ ' 

~\ ~ ·~ }~~v., .::yr 

Plan of Keri Keri Group·settlement Estate, Bay of 

Is land.a. 

in the text. 

Shews the position of the Blocks discusse1 

The Uplands and. e+lington Blocks 

have been mainly sub-d.ivided. and. largely planted. 



Fnnra:& lV a. P in Map shewing the d i s t r i bu t i on of 

r owers with 100 citrus trees or over in the Keri Keri 

District. The darker coloured a reas rep resent the 

volcanic lava flows of the .district but a re not nec essarily 

all suitable for the p lanting of citrus, much of it being 

i'iha t is locall y known as n ironstone 11 land... The area of 

volcanic land round Waimate North shews in the lower left­

hand corner. 
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The ors1J Block is, however, probably suitable for 

planting and re~re f ents the major area of suitable citrus 

land at Keri Keri still awaiting development. 
\ 

The total area of land, suitable for citrus, at Keri 

Keri is I robably in the vicinity of 4,000 e.cres made u::) as 

follows: 
n 

Uplad.s Block, l?OO acres; V ellingto n Block, 1190 

acres; , ors1 's Block, 1360 acres; ~=u ver Viu, 250 acres. 

Of this total area probably not more than 2,000 acres is 

utilisable for actually planting citrus after deducting the 

area of land in steep slopes, streams, etc. There is, 

therefore, still considerable room for development in the 

settlement. 

The settlement lies at the head of the Keri Keri 

inlet on the western side of the Bay of Islands and the 

majority of the plantings are situated on an elevated 

tableland., which slopes gently towards the inlet. Near 

the head of the inlet the tab~eland has an elevation of 

150-200 ft. rising at the top of the Uplands Block to a 

height of approx. 450 ft. The table-land constitutes 

part of the Keri Keri series of lava-flows which cover with 

an almost continuous sheet an area of over 100 square miles. 

Bell and Clarke (3:1928} state: uThe land underlain by the 

older lava flows ( locally knov•n as "ironstonen land, from 

the lumps of red ochre and limonite which strew its surface), 

although formerly covered by mixed bush, seems now almost 

entirely barren.u 

Grange {15:1934) has 1ublished an interesting paper 

on the "Ironstone Soils of North Aucklad. 11 and excerpts are 

given below. 

+ Not owned by the Corporation. 



t 32). 

The ironstone soils are derived from the older 

basalts (Miocene or ~ liocene) of North uckland. All the 

horizons have a clay texture, and the amount of c lay in­

creases with the depth. 

"The soil has a fine crumb structure, and is con­

sequent l y easily worked despite its heavy te xture. This 

is in sll:&rp contrast with the gumland so ils Hhich cake into a 

hard mass during summer. The soil drains readily. ~uring 

a day of heavy rain, water saturates the so il down to the 

nodular l ayer and lies on the surface of the virgin soil, 

drainage being held up by the nodular layer; but when ob­

served on the day following the excess has drained avay. 

The presence of ferric hydrate is no doubt the cause of the 

good physical condition of these heavy clays. 

nThe clay soils at Keri Keri settlement which shew 

a resemblance to the ironstone soils rarely contain a well 

defined iron nodular band. Small concretions are occas-

ionally visible at 18ins. below the surface. The residue 

obtained on washing the surface soil contains small iron 

concretions and a few aluminium concretions. 11 

The clays are lateritic, having a silica alumina 

ratio of less than 2 . 0 , while the ~roportion of titanium 

oxide is outstandingly high. ~he soils are abnormally 

low in a vailable plant- foods ; there is a high lime require ­

ment and the figures for exchangeable lime are low . Testa 

also shew the presence of cons iderable amounts of active 

aluminium. 

In spite of the hi6h cl~y content of the soil as 

shewn by the mechanical analysis the soils are free-working 

and to all appearances light te~~ured; this is probably due 

in some measure to the low silica/alUillina ration of the clay 

and also as Grange has ~o inted out to the p resenc e off rric 

hyQrate in the soil. CN,ing to its light texture and the 
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presence of a semi - imperv ious layer impeding drainage, the 

soil ashes badly with heavy rains ~nd during t ,elate 3utllilln 

and ~ inter months must be protected by a cover crop. 

The response to soluble _hosphates appears, on the 

evidence of growers , to be unsatisfactory unless accompanied 

by heavy d.ressin6s of lime. '.ithout lime is applieQ, in­

soluble phosvhates C. ;}pt-ar to 6 ivt: bt:tter,responses. 

The average rainfall is in the vicinity of fifty 

inches per annum, although no weather records are ke t nearer 

than .1.1ussell, a distance of ten 111iles ( See Table lVa} . Frost 

is practically unknown on the u1 per parts of the area, but 

li 6 ht ground frosts occur in the lower levels of the valleys. 

The averabe size of hold.in~ af proximates to 20-25 

acres and most of the settlers have 500 trees, more or less, 

planted on their sections. Their influence on the figures 

for tlte · hangarei District is clearly seen in Table lX in 

the group 351-600 trees. 

I lantings have not been confined to citrus an~ much 

passion fruit is grown in the settlement and is processed in 

a factory controlled by a New Zealand firm known as Pashon 

... roducts Ltd . In the early stges of the settlement it ~as 

a gen1..;ral policy to inter1ilant thE- youn6 citrus V' ith assion 

fruit, but in the light of e.xr,erience this method of inter­

cropp ing has been discontinued. 

The area is subject to strong v, inds and ma,ny of the 

groves suffer from undue exposure; shelter trees, hoi',ever, 

make rapid growth and with tht increasing realisation th t 

citrus v~ill not succeed v:ithout ample protection fra:n wind., 

this defect is being remedied. 

Those E'>rov ts which have been \.t-11. managed are ,1a.b..ing 

excell~nt erowth ( late 11) and shewin~ high reduction for 

their age. Many costly mistakes have been made, but the 

settlement seems now on the hithroad to profitable production~ 
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FLA.TE. 11 . 

a. t Ke ri Ke ri. 

A young lemon grovE 

Where well atten~ec 

the tr ees have made excellent growth, 
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whi l e in future plantint,s the early errors may be avoided 

and much ex~ense saved. 

oads wi thin the settlemen t are no t 11 firs t-clo.ssll 

but are passab l e in ~ract ically all weathers. Tpe main 

roads are in excellent condition and e 5 ood road leads to 

the rail-head at Okaihau, a distance of 16 miles . boat 

service also commun icates, i t h Auckland , but no direct 

sGrvic~ is tiVailable to the Louth Island. Frei6ht charges 

to the mai n markets appear t o be the bibgest factor operatin 

against the success of the settl6ment. 

TABLL l 

Shewing the number of re iste,re,d t,rovH,rs of citrus in the 
,ho.ngarei District , clasified according to size of orchard. 

Group No •. 
Trees . 

1-20 
21-50 
51-100 

101-200 
201- 350 
351-600 
Ecl-1000 

over 1000 

District . 

:No . 
Growers 

l~~ 
21 
16 
16 
34 
5 
2 

Percent- No . No. Total V. No. 
Trees. Group. e.ge in Lemon Orange 

Group . Trees. Tr ee s 
55 . 8 --7~~ 3---,-4-5 7___:;_1- ,-1 ....... 8 0--7. o 
12.8 840 353 1,203 31 . 6 
7 . o 9 5 7 6 3 o 1, 58 7 7 5 . 5 
5.3 1,553 534 2,o87 130.4 
5.3 2,723 1,331 4,054 253- .3 

11.3 5,924 10,600 16,5:4 485 . o 
1.6 1,836 1,801 "j,637 727.4 
0,.7 840 3,074 3,914 1857.0 

15,396 18,790 34,186 114.3 

hangarei ~as oncE th~ centre of quite extensive 

Jlantings of s~eet orLnbes but of l~tter years, due to the 

sp read of the town and the influence of over-seas competi tion, 

these have rractically disappeared or at most are represented 

by but rements of the former groves. The iresent plantings 

at hanga rei are mostly of more recent date. 

Table 1 .. / shews the grouping of the citrus orchards 

according to the number of trees they contain. This table 

has not been divided into sub-districts and re~resents the 

wh ole of the citrus grown north of an est and west line 



drawn through Belensville. 

The influence of the Ker i Keri Group -Settlement 

Scheme is clearly visible in t he case of the group 351-

600 trees, which here contains 48 per cent . of the total 

trees in the district, as com1 ared with the Dominion Summary 

(Table 111) in whi ch t h i s ~roup contains only ~2 per ce n t 

of the t otu l trees. 

The soils of the .hang-arei District are mainly derived 

from basaltic lava flows of the later Pliocene or ~leisto­

cene and for t h8 mos t per t are well drained a n~ f ertile . 
()._. 

In sol.flt.: cses the presence of unweathered stone in the soil ., 
renders clearing for cultivation an expensive item, costing 

in some cases up to £30 per acre. The so il is a laterite 

with a silica/alumina ratio of approximat~ly 1.3-1 {15:1934) 

and is well supplied with "available plant food.• 

Most of the citrus plantinBs ar e on this volcanic 

soil (see deta il me.p, iriE.:,.lVb J but seYvral t,rov11·rs 1;.r~ on 

alluvial flats in the hau Valley and at otaika.. 

The average rainfall of t he district is 60.24 inches 

J.;er annum ( sec 1l1able lVel V • ..; 11 dihtributed thou~h tend.int,; to 

dry periods du.ring the summer months ·w hen _;_J recip i tation is 

at its minimum and. insolation e.t its maximum. 

No records are available in regard to tem9eratures, but 

ground frosts are generally light and. rarely cause any damage 

to citrus. 

Communication and transport facilities ar e good. The 

district is W8ll road ed, is in direct rail communication wi th 

the main North Island markets and is also served by a direct 

boat service to the South Island as we ll as a coastal service 

to Auckland. The local market is also large enough to 

absorb a cons iderable part of the output of the orchards in 

close proximity to the town. In su1plying uckland,however, 



FIG lVb. Pin I'.!B.P shewing the d.i stribu ti on of 

growers with 100 trees or over in the vicinity of Whangar 

ei. The darker coloured areas on which most of t he 

grove s a re situated repre se nt th~ later bas ic lava flows 

of the district. 



growers are at a distinct disadvantage when com~ar ed ~i th 

those in closer ~roximity to the market, e.g. vondale, 

Henderson, Mangere, Birkdale, etc. 

(11) Auckland Distri c t . 

The Auckland District is, in point of number of 

growers and. total number of trees, the most imp ortant of 

the citrus districts. th~ district includes over 30 per 

cent of the regi s tered growers of citrus e.nd n::o.rly 39 per 

Cvnt of the citrus trees in the Dominion. The number of 

re~ist ere d br~~~rs clsssifibd ~ccordinc t o size of orchard 

is shewn in Table X. As in the other commercial districts 

a large pro~iortion of the growers have less than 21 trees 

and the prof ortion of large holdinLs is small; in spite of 

t he large number of €:;rowers only four have over 600 trees. 

This is due princi.c'a lly to the fact that with the majority 

of growers citrus is not a. sole source of income. 

TABLE 

Shev1 i ng the Numb c r of Re 0 ist~red Citrus Growers in the 
Auckland ~istrict, Classified according to Size of Orchard. 

Grou12 No . No. of (' 

l! Ifo . :To• 
of trees.Growers.Growers L':::IllOil J2.·o.n~ c lj_l () "' l ,.y. trees 

in t;;r oup ~recs. ·,1r,;..., g. 
..I. rv ._; s. i7 •g..:· ,.;U') • 

1- 20 527 5~ - 5 2,853 1,300 4,153 
21-50 173 l . 2 i,537 1 , 399 ~,936 i4-3 
51 - 100 117 12 . 3 , 511 1,i19 ,430 2.0 

101- 200 79 8.3 8,425 2, 65 11,291 142.9 
201-650 35 3.7 6,674 2,531 9,205 262 . 9 
i51 .. 00 13 1.3 4,675 l,C98 5,773 444.0 

01- 1000 4 0.4 2,222 957 3,179 794. 7 
Over 1000 . . .. . . 

District total 948 35,897 12,070 47,967 50. 5. 

The di s trict probably dis~lays within a small area., 

greater differenc es in soil type and climat ic conditions 

than any of the other citrus districts. The major soil 



types r epres~Dt ed are: -

(a) Laterites or l a teritic clays derived from the 

basaltic lava- flows of t he Auckland Is thmus and. Iv1angere. 

(b) The light friable loams of the Avondale Flats; 

a r elated type of simila£ _rofile is a ls o found in widely 

scattered parts of the area. 

(c) The clay loams and alluvial clay loams of Orat i a, 

He nder s on, Birkdale , etc. derived from sedimentary rocks. 

The la teri tes of the aucKland pen insula and. 1:angere 

are of a similar type to the volcanic soils of the '\'hangarei 

district, but occupy a minor posi ti e,n of imp ortance in the 

citrus area. 

The light friable loams of the vonda le Flats are 

mature soils with a well d.eveloped. 1 rofile; the upper horizon 

is dark brown in colour and l - 2ins. in depth; the second. 

hori~on is slightly lighter in colour and varies in depth 

from 6-lOins. or more. The se two layers contain a high 

p roportion of fine sand. and. silt, while the proportion of 

cl~y de creas e s with increase in depth. Below the "top-soil• 

is a layer of brown friable loam v. i th occasional iron con­

cretions, reaching to a dep th of 18-3oins. when a horizon 

of white leached sand is reached.. This l ayer is apparently 

cemented by scme a.gent , p os sib ly col l oid.a l silica, and hinders 

the downward flow of rain-water , but a_~pE::ars to offer little 

resistance to the passage of tree roots. The soil is gen~r-

a lly low in 'availab l e p l ant food" but responds readily to 

t reatment end is eaEily cultivated.. Given s atisfa~tory 

under-dra inage , or whe r e the sand hori~on is not too impe r­

vious, the soil i s admirebly suited for c itrus . 

The cl~r loame and a lluvial soi ls of the area vary 

widely; some are very i-etentiv t:: of moisture and. r equire 

artificial drainage, nearly all tend. to be difficult to wor k 

in wet weathe r. Th~y are low in available plant food. and. 



are aciQ in re ction. ,hile many high ~reducing roves 

are situated. on this class of soil , it is not an ideal 

citrus soil but its situation in pro:i~ity to a large 

~arket has enab led growers to overcome the inhcr~nt uncuit ­

ability of the soil by attention to drainage and heavy 

manuring, coupled v'i th 6 ood general management • 

.As can b1:; st:en by reference to tlle d..etail map of the 

..n.uckle.nd.. area ( Fig. lVc.) there i,,.. extr me localisation of 

growers within sections of the district, this being most 

marked at Hender son, n.V end.ale Fla ts, Ora t ia, Birkd.ale and.. 

' to a lesser extent at Kum.eu and.. Huapai. Tht ,. articular 

factors operating in thin case ·ere probably:-

(a) Fr~edom from frost. This has 1r obably been 

one of the major factors in deterillinin~ the present dis­

tribution of ~roves, and under the prevailing conditions 

in the district is of ... ara1"1ount importance in the locating 

of naw plantings. ~here, in the case of older p lantings, 

it has been found that frosts cause serious loss in p roduc­

tion, a number of growers have adu1 ted. the rractice of heating 

their groves 'v''i th crude oil. 

(b) The top ograph~ of the land has l~d, necessarily, 

to the discarding of much of the area as totally unsuitable 

for citrus plantings. 

(c) Transport in the early stages of the development 

of the industry , was principally by rail and in consequence 

there was a tendency f0r otherwise suitable locations, in 

close proximity to the railway to command a premium.. 

The rainfall over the area varies considerably, accord­

ing to the local configuration of the land, but may be taken 

as averaging from 44-60i ns . per annum. , well distributed over 

the year , though with a tendency to dr;yness during the summer 

months (See Table lV~. This i s not usually s~rious but in 

e xceptional s easons may cause severe defoliation of the trees 



FIGURE lV c. P in iap shewin the d.i stri bu tion 

of growers with 100 citrus trees or over in the Auckland 

District. Note the localisation of groves in the 

vic i nity of Avondale, Henderson, Orati~ , Birkdale anQ 

to a less extent Kumeu. 
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and even a dropping of much of the newly-set fruit. 

Thunderstorms are not infrequent during the suminer months, 

but t _end to be very local and consequently of limited value 

to orchards. uckland has an average of 1972 hours of 

bright sunshine during the year and this figure may be 

taken as substantially correct for the remainder of the 

district . 

. hile the records taken at the Auckland meteoro-

logical station shew a high mean temperature and a minimum 

of ground frosts, these conditions cannot be taken as re~re-

sentative of the district as a whole . Certain parts of the 

citrus-growing areas are subject to t1gravity frosts0 of 

varying severi ty durii:ig the v·inter; on some occasions 

these have been such as to cause severe, damage to citrus 

trees. The question of locati on of new plantings there-

fore becomes a matter of mapping those areas which have been 

proved free from frosts of sufficient severity to damage 

citrus and, as has been pointed out in a previous section, 

this is a matter of considerable complexity, requiring con­

siderable knowledge of local conditions. 

Transport facilities are good, the district being 

served by both rail and road the latter being used to the 

almost entire exclusion of the former for conveyance of 

fruit to the uckland market. ~~o proprietary packing 

and curing sheds are situated in Auckland city and rbceive 

supplies of fruit by rail, lorry end coastal steamer ser­

vices, serving a widely scattered area, as well as those 

in close proximity. They are also fortunate in having 

at hand e large market \Vhich can absorb a big proportion 

of the fruit processed, so saving freight costs. 

(111) Tauranga District. 

,hilb in point .Jf nu1nber of 6 rowers and in total 

number of tret::s, TauraD..$a falls behind the uckland o.ncl 
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hang~rei districts, the advertisin6 valu6 of unified co ­

o;~rative marketing of lemons and oran6 es by the Tauranga 

Citrus Association has gained for the district a high 

reputation for citrus production. 

Table Xl shews the number of re6 istered citrus 

grower s in the Tauranga district, classified according to 

the size of orchard. 

T LB Xl. 

Sh1,.;win6 the Number of ReL,istered Citrus Grovers in 
the Tauri6 a· District, Classified according to Size of 

"' Orchard. 

Group No . No . c' no . No. Total Av.trees 'O c.. 
of trees. of Growers Lemon oran~e Trees. in 9 roup 

Grov era in 6 roup trtes trees 
1- 20 247 63.1- T,cg4 .3·tj~ 1,476 5.9-

~1- 50 44 11..2 1,314 190 1,504 34.1 
51-100 39 10.0 :::.,465 435 2,900 74.~ 100-200 23 5.8 2,896 ~94 3,190 138. 

201- ~50 22 5.8 4,9~1 673 5,594 254.2 
~51- 00 i 2 :; 3,290 730 4,020 446.6 . ) 

01-1000 1.5 4,060 32.9 4,391 731.8 
Over 1000 1 0.3 1,500 200 1,700 1700.0 

District total 391 21,542 3,?33 24,775 63.3 

The tota number of trees in the Tauranga district 

is only slightly in excess of the plantings at Keri Keri 

while it is only slightly ov~r 50 per c•.:mt of the total 

for the uckland district. 

The groves are largely confined to positions in 

proximity to the Harbour on soils overlyin6 the Tauranga 

As far scan b~ -scertained the soil is composed 

of ash from the Kebaroa volcanic shower and is of a coarse 

candy texture with a fair admixture of coarse pumiceous 

me.terial. Tht:. mart-ins of e,L..., sho,,1.::r hav not been deme.r-

cated with any exactitude and it is possible that the shower 

does not extend down to the e.1~trc:mity of tl,.e Otumaetai 

\ 
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Peninsula or that it is becoming very thin; if so this 

may account for the difference in quality said to exist 

in the fruit from this part of the district. Thb origin 

of the soils is still a matter requiring inv~stib~tion. 

The groves are mostly situatE.d. on flc.t-to.t.1ped 

ridtGs of lov 1:.,levation (50 - 100 ft.) proje cting out into 

the Tauranga Harbour. Tht: soils are a deep, well-drained 

sandy loam containing amplt: humus. In spitt: of its Sbnd~ 

nature n~ the adnixture of cuarse umict □us m~tcrial ~hich 

frt:.(lUtr t ly occurs the soi 1 seems to rt. t~ in moisture v. e 11. 

T&bles lVa , V and Vl sht:\, tht mce.n rt.cords of the 

local mt:teorolocical st~tion. The rainfall av rages )C 

incries .t. er annum, vrell distributed, whilG the bri€,ht sun.shine 

is, on the average, in excess of that r~ceived at the uck-

land station. 

Frosts are more frequent and morG SbV&re tLan might 

be anticipated from the yroximity to the sea; in 1933 no 

fewer than 56 ground frosts ilere recorded by the mi:;teoro­

logical obs erver, the most s1:.,vere shewing a rninimum tem.i ra-

ture of 18.2 degrees F. on the 6rass . The extremity of 

the Otumoetai peninsula s eems to enjoy the 6reatest freedom 

from frost but in scatterbd locations, 0 ov1:.,rned largely by 

elevation and shelter provided by local configuration, other 

groves seem also to be relatively free. 

There seem to be certain fact ors O..._J i=ra t in6 in the 

district in respect of frost formation which are not f ound 

to any marked extent in the otl~r citrus districts. The 

Tauran6a district is on the seawQrd edge of a slope which 

proc eeds v.i tbout st-rious interruption to the high lands of 

the p lat8au round rtotorua. On clear nights the warm ir 

over the Tauranga ar~a ris~s end is re~le~d by colder ~ir 

v.hich flows dov,n from the high land to the southward. 'The 
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entry of this cold air cause s a s outherly draught and 

lowe rs t emper a tures below those wh ich would norma lly 

r esult from rad i a ti un ~l one. Not only so , but t he 

v:ho l e e.ir tem1 erature t o a cons iderable heigh t is cooled, 

so t hat t he normal steep tem~e rature l apse formed under 

c ond it ions of st&Lnent ai r is n~t r~alib~ d and a ground 

fro s t of 14 degrees F. re re sents a lower t emperature of 

the air ( surroundin1=, t Lc tre e) t han i s norma l ly tbt. case 

in gravity frosts''· The yr es~nc ~ of a southerly draught 

a lso r enders orchard heating ~ractically ineffectual since 

the heat generated is carri ed away almost as rap idiy as it 

is p roduc ed, eicc~t i n c8rtain f av ou:ed sheltered locations. 

In Fig. Vl the mi n i mum temp eratures for each month 

are shewn graphically over the seven y ear period 1928 to 

1934 for both uckla nd a nd Taur~nge. . A S 1. 1ill be not ed , 

T uran0 c.. i CJL istentlj- r·_,lcl-., r t:_t:~1 .anckl 11d., '. hi l e in some 

cases, e.g. r-i: ay, 1931, air t emx1e ratures in the screen have 

fallen t o surprisingly low levels. 

( lV) Te uke: 

Behin~ Te uke, on the No.3 road, is a c~ns iderable 

area of soil of simila r type to t r:at e. t Taur anga , but heving 

cons iderably gr ea t er fr bcdom from frost ow ing to its eleva­

tion and also to the excellent frost drainage provided by 

the deep watercourses cutting through the area. several 

established groves on t h is area ar e yi e l d ing ~xce lle nt 

r0 tur ns, and t he area Sbems cayable of Gr ea t er dL v~lopment. 

(V) Gisborne: 

In point of number of trees, this is one of the 

minor citrus districts but appears to have cons iderable 

potentialitie s as far a s t he - gro'Ni ng of a•:••e et ore.n~c s is 

C ,nc crncd. The nut.J.b,...r '.J ~ro·ver s , ,...tc. is shewn in 

Table Xll. 
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TABLE 11. 

Shewing the Number of Registered Citrus Growers in the 
Gisborne District, Classified According to 

Size of Orchard. 

Grouu No. No. 0: No. No. Total .Av.trees t:. 
of trees. of Growers Lemon orange Trees. in_ ~roup . 

Growers in group. trees. trees. 

1 ... 20 154 78.5 562 381 %43 6 •. 1 
21-50 24 12.2 456 371 27 34-~ 
51-100 7 3.6 326 2 7 6 5~2 78. 

101-200 7 1·6 791_ 186 9 l ~0.1 
201-i50 1 .5 45 330 781 2 0.3 
351- 00 0.5 350 70 420 420 0 . 

District 
total. 196 2,940 l,564 4,504 22.9 

-- - -

The grov es ar~ nall di s tributed over the Gisborne 

Flats, but tend to concentrate in the vicinity of Manu tuke, 

Patutahi, Ormonds and Hexton (See Figure lVe.) The area 

round Hexton, however, ~ppears to be more subject to frost 

than the other districts. 

The soil is a fertile alluvium of great de~)th e. nd 

exce~ ti on-1 f c ti l ity . 

Thu 111a ::i.n J.nnu. 1 rd inf a ll is 47-5 iac.1" s b...J. t s iJ..ner 

c1. _~01..;~ts u.~,e ,1..;t uncJ1u10:1 , however, the soil is retentive 

of moi s ture and these "dry spells" do not u sually seriously 

affect production. 

Frosts are usual on all clear nights during the 

winter months Jld in view of their severity (grass min. 

temperature} do not seem to cause the damage which would be 

anticipated. 

Communication i s not good but a boat service connects 

directly with Wellington and Lyttleton at cheap rates while 

the local demand is sufficient to consume a large proportion 

of the crop. 



FIG lV e. Pin p shewing the distribution of 

growers with 100 citrus trees or over in the Gisborne 

District. The li ghter coloured areas represent 

the Gisborne Flats anQ the darker parts the hill country, 
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(Vl) Hastings District: 

TABLE Xlll. 

Shewing the Number of Regis t ered Citrus Grow~ _s in 
the Hw. stings .Ji ··. trict, Classified According to Size o:f 

Orchard. 

Group No. 
o:f trees 

1-20 
21-50 
51-lCG 

101- 200 
201-350 

District 
total 

No. t:. No. 
of Growers 

Growers in gr_oup. 
Lemo n 
trees 

216 80.8 1,019 
30 11.2 774 
10 7:; . 7 4i1 
10 3.7 1, l1 

l 0.4 

267 3 ,604 

No. 
orange 
trees 

240 
138 
"C:-C 

,I.I 

133 
204 

974 

Total Av. tr ee s 
Trees. in group. 

l , ~59 5.8 
912 30.4 
7~C 73.0 

1,412 141.2 
265 265 .0 

4,578 17.1. 

Hastings district suffers frorn the joint d.isc.dvuntages 

of Lr...ving too s evere fr os ts during t he winter months and n:; t 

sufficient rain during the s ummer. There are certain 

locations where citrus appear to escape s eri ou s frost dam­

age but the area is very limited and, as a commercial ven­

ture the possibilities seem confined to su~plying a small 

local market. 

( Vll). Nelson; 

Nelson wa s not included in the area surveyed and no 

first hand information is available. Certain areas , how -

ever , s 1:=e m rea .,onably fr E:: e fr o.TI damaging fro s ts but the 

p ossibilit ie s seem limi ted to supp lying t he loca l marke t, 

where a measure of protection due to fr e i gh t rates is ava il­

able. 



TABLE: XlV. 

Shewing the Number of Registered Citrus Growers in 
the Ne lson District, Classified According to Size of 

Orchard • 

. 
Grou12 No. No. 12. No. Ho. ~ota l .t..V.trel.s 
of trees. of Growers Lemon orange Tr~ .... s in 6roup. 

Growers in_ gr_out, . Tree s Trees. - --~-- . - -- -- - . - ~ -

1-20 165 82.0 736 90 826 5.0 
21-50 11 ~-4 3d6 28 364 ~3 -0 
51-100 17 .4 1, 2J9 78 1 36 7 J0.4 , I 

101- 200 7 3.5 1,1.:.il 10 1,111 , 5S ,.., - • I 
201-i50 • • . . . . . . . . . . 
351- 00 1 0.5 450 450 450.0 

District total 201 3,912 206 4,118 20 .4 
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CBAPTER V. A.REAS A.VA.I BLL FOR LX!.-'ANSION. 

The areas which app ear most su itable for the expans­

ion of citrus p lantings are: -

(a} The remainder of the Keri Keri Bl ock {see p.31) 

(b) A considerable area on t he later besic lava­

flows i n ta vicinity of \ aimate North end vha ngarei. 

(c} Certain areas in t he vic in ity of Auckla nd City, 

along t he f oo t h ills of the ·a itakere Ra nges, near Mange re 

and on t he North Shor e , such locations t o be chose n with 

special reference to their fr eedom from frosts. 

(d) Numerous small areas t hroughout the north where 

suitable soil occurs in frost free localities, e.g. near 

Warkworth, Parapera Valley. 

(e} Areas clo se to the seaalong the shores of 

Tauranga Harbour. 

(f) The area behind Te I uke. 

( g) 1 robably the Gi sb orne area offers p ossibilities 

for the growing of sweet oranges and N.a. Grapefruit. 

Areas further south than Gisborne, suitable for the 

growing of citrus may be cons idered as being commercially 

ne gligible excep t for a small local sui:,ply, thoug:'.2 tbe list 

of localities g iven above is not by any means exhaustive. 

The question of poss ible exte nsion of the citrus 

grow ing areas be c omes in practice large ly a s urv~y of the 

frost - free areas. such a survey demands the compilation 

of data over a number of years and the careful checking of 

observational data with meteorological records . The influ-

ence of many factor s other t han temperature, on the suscep ­

tibility of citrus trees t o fro st injury makes the analysis 



of such data s low, and nece ss itates much car eful c h eking 

to ensure accuracy. The most that can be expected in the 

near future, is t ha t such data might give us a fulle r apprec­

iation of the factors operating a nd p ermit a more accurate 

judgement of proba bilities as to the likelihood of a ny given 

area being frost - free. 

In a ny cas e, the a r ea of land, now known with r ea son­

a ble c erta inty t o be frost-free is m.Jl't- PL.n s uffici ent to 

mee t t he demands f or exp ans ion f or many years to come. Such 

a s urvey of fros t conditi ons mi th t be n~clssary we r e citrus 

gr ow ing being s ugges ted a s a n alt erna tive t o othe r f orms 

of p rimary 1 roducti on in the event of a seri ous limitation 

of our overseas ma r ke ts by quotas, but is not c ons idered 

~sse ntia l to the ordur ed d6 velopme nt of the industry on its 

1,resent basis. 
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PAT 111 PROPOGATION AND VARL-Til S: 

CH.l,.l TLR V 1. NURSERY RACTICE . 

• General :ractices adop ted. B. The type 
of tree Required. C. Su ·6estvd metcods of 
improvement: 
(1) Culling of seedling Nursery Stock. 
( 11) Manuring. ( 111) Bud Selection ( lV) Height 
of budding. (V) Training of trees after budd­
ing. ( Vl) uoot System. { Vll) General. 

A.. GEN'.uRAL :P CT ICl.S 

In every citrus 1 roducing country the earliest type 

of tree planted has usually been seedling and this was also 

the case in New Zealand where the f:i.rst trees introduced 

were sweet orang s eedlings. These have proved to be lon -

lived. and r roductive but the fruit produced whi le often of 

excellent quality lacked uniformity; henc e sced.lin6 s have 

been di e~ laced by worked" trees. 

orked or budded tr ee s possess many adv~nta6es; they 

bear at an earlier age; the fruit should be of uniform size 

and quality; a selected variety having desirable qualities 

may be i ropaLated; and in addition the grower has a choice 

of stocks, so that better resultc may be obt ined on 

different soils and greater resistance secur~d to the inroad 

of root diseases. 

During the course of this surv~y several of the 

principe.l citrus nurseries in the vicinity of .t1.uckland City 

v·ert.- visited. but the number was necessarily 1 imi ted and. . any 

conclusions drawn here are 1urely tentative. 

The usual practice in the nurseries visited is to so! 

the seed. in well 1r~1ared soil in the open s soon s d~nge r 

from frost is over. The varieties commonly used for nstocks 
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are the citronelle or rough lemon, thE- Island S\'Jeet orange 

and in much smaller numbers the :oncirus trifolieta, the 

Flor ida sour orange (Seville), and th6 Cleop~tra mand~rin. 

The first tvro mentioned stocks, however, probab ly t.ccount 

for go 1 er cent of the citrus trees planted; their rtlative 

v5.lues 1, ill be discussed in later st..ction. 

The seed.linus c.,erminatc r·E:adily and at ont: y1;;;ar from 

planting tht larger are pulled and tre.nsft..rred to nureery 

rows. The smaller seedlinbs ar~ usually left in the 
' 

s~ed-bed for a further ve riod 6f twelve months, ~hen most 

of th~m are large enough for plantinu out. Any that are 

too small for transferring to nursery rov s at the end of 

tvo years are discardE-d by some nurserymen but in other 

cases all the seedlint:,s £.re evt:ntually planted out. 

Budd.int:, is almost universally 1 racticed. in "working 

the seedling stocks, the T method of shield budding being 

em.Jloyed. The seedling stocks are usually budded in the 

season following setting out in the nursery ro; however, 

some of the larger ones may be budded late in the same 

season v hile the smalll.r, lt.: ss thrifty seedlings e.re allov·ed. 

to remain in thE- nursery row until they attain sufficient 

size for budding. 

The most satisfactory size for budding is considered. 

to be when the stocks have attained a diameter off to i 
inches et the point of insertion of the bud. Budding may 

be carried out at any time from October t o the end of Febru­

ary but most nurseryrnt;n seem to favour autumn budding. 

The bud is usually inserted at a height of from 3 to 6 inches 

from the grounQ de~enaing largely on the size of the stock. 

In the s1 ring following budding the top of the stock 

is removeQ to force the buds into uniform grpwth. Staking 
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of the shoots arising from buds is not usually practiced. 

The trees 6re usually sold at two years from budding 

but trees which have not attained the requisite size in 

that time are allowed to remain in the nursery row for an 

additional period. The majority of trees are sent out 

as balled, headed trees, two years from bud the average 

price for first quality trees being £15 a 100. Smaller 

trees or trees not so well head~d can be secured at lower 

prices. 

B. THL TYl L OF T .RLE R ..... QU IRLD. 

Sound health nursery stock is essr:;ntial to the success­

ful establishment of a .lrofite.ble commercial orchard.. In 

how far is the system in vogue in this country supplying the 

orchardist with a desirable type of tree? 

For ordinary commercial planting the most, satisfactory type 

of tree should, in the writers opinion, have the following 

qualifications:-

(a) The trees should be uniform in size, height of 

branching, type of leader development, etc. 

( b) The trees should be vigorous, heal thy, well­

grown, and Jm"ge in relation to their age. 

(c) The stocks should have been carefully selected 

for uniformity of development, all undersiaed or backward 

specimens having been rejected in the nursery. 

(d) The buds or scions should have come from parent 

trees carefully selected in respect of the productive capa­

city e.nd trueness to type for the variety, etc. 

(e) The bud union sh0uld be at least 6 to 8 inches 

above the soil level to give maximum protection against root 

disease. 
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' (f) The young tree should have a we ll deve loped and 

evenly balanced head, the lowest branch being not nearer than 

15 inches from the ground l evel. 

( g) The root system should be well p rovided with 
+ 

fibre and all "bench rooted specimens should have been 

rejected in the nursery. 

(h) The trees should be as low in price as is con-

sistent with the above standards, though this is a minor 

con s ideration and should never be allowed to over-rule the 

other factors outlined above. 

The type of tr ee p lanted is fundamental to success. 

The best of the nur sery stock sold in thi s country is definite-

ly good and will bear comparison with that from most other 

citrus producing countries . There are , how ever , certain 

respects in which improvement might be effected; such improve­

mEmt is great l y retarded by the fit that growers as a \~ihole 

do not appreciate the imyortance of planting only the best 

trt;es available and grudge tht- small incr~ase in initial 

outlay requir ed to buy only the best. Nursery practice 

has first of all to supply the demand, and it is probably 

a l ung the lines of grower education that an effort should 

be made to imp rove the ge neral type of tree p roduced. 

C. SUGG~ST:.J) lvi:../l.1HODS OF IliiP ROVLLvIBNT . 

The main line s along which improvement 0£ nursery 

stock in New Zealand might be pursu ed are, in the writer's 

opinion: ... 

( 1) Much heavier culling of seedling stocks prior 

t o budding in order t o secure grea t er uniformity. 

(2) Heavier manurin~ of sc~d b~ds and nursery stock 

generally in order t o obtain sati sfactory growth and develop­

ment. 
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(3) Greater attention to bud selection, to ensure 

the propagation only of good ty_,,.: e strains within a variety. 

(4) Budding should -be higher from the ground than 

is usualy :practiced in order to reduce the danger of root 

disease. 

(5) More careful training of the trees after budding, 

to ensure a single stem or "leg" well headed at a height of 

15-18 inches. 

(6) In some cases more attention should be paid to 

securing a good fibrous root system by suitable manuring 

and cultural methods. 

(1) Culling of Seedling Nursery Stock 

As the result of studies and experiments and the 

cumulative obsc.rva ti ons of 1::,rowers, certain stocks have come 

to be cormnonly used. It is 6 enerally conceded, however, 

that the problem~· connected \I\ ith rootstJcks a.:ct:., _poorly 

understood; moreover, recent work in California and at the 

Last Malling .,....xperiment Ltation, :&ngland, has forcibly drawn 

attention to the fact tho.t ,.i thin each species or variety 

now in use as a rootstock, there occur numerous varieti~s 

or strains each possibly having a di s tinctl~r clifferent 

rt:.,l.Ction on the fruit or scion variety. \ ebber says 

the size and vigour of the orchard tree is 

considerably influenced by the character of the seedling 

used as a stock, and apparently justifies the adoption of 

some method of stock selection11 • 

The question of variability in citrus r ootstocks of 

th ... se.mc Vl. .cit::ty and possible methods of seiection so that 

only the most debirable forms may be planted ar~ fully dis­

cus sed by Tiebbtr (40:4.1; 4~ and 44) and in Technical Communi .... 

cation No.3 of the Imperiii Bureau of Fruit Production 

( 19:1932). 



It is not possible h1;:;.re to review the mass of evidence 

which he.s been ,_ ccumulated on the subject but an example 

may prove illuminating. 

Batchelor and his co-workers ( 2:19~8) in preliminary 

work in pre)arat ion for fertiliser ex1 eriments a.imale.t 

unifori.1i ty of nurs~r·;7 stJck, treatme nt, and, as far as 

J: ossible, soil. 

"The following meai:.ures were f ollowed to produce es;iecially 

uni.form trees: 

1 . 

which was 

The swt:Jet orJl0 t:J ( Citrus sines is) nursery stock 
A 

trfsplanted from the seed bed to the nursery in 
I\ -

1Sl4, sthoroughly culled and the undersized trees were 

discarded. These discards amounted to ~oss ibly 15 per 

cent of the seedlines. 

2. fter one years gro~th in the nursery, and at 

the time the trees W.c;;re budded in 1<]15, "natht...r selection 

of t e s '13.11-s ized fr .lits vi ..... s 1e.Je , and these \':1;:;.re discarded. 

3. Yhen the trees were dug from the nursery for 

transplant int to the grove in 1917, the small-sized budded 

trees were culled from the lot, making a third ct.iscarcling 

vf trees whi ch lacked vigour and size. ~'hus f ram the 

establishment of the nursery until the actual planting 

of the ~rove, an endeavour was continuously ma~e to produce 

L vigorous and unusually uniform lot of trees. 

n.L luwp well-formed buds fro1n De ture budwood were 

used for p ro1 e.ga tion _p urposes. Only such twigs w re used 

as s hewed blossoms formed or in process of formation on the 

tips of the current see. s ons growth et the time the bud wood 

was cut." 

In spite of the care t t•ken to secure uniformity, 

yield and growth records takbn over a ~elv~ year ~criod 
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prior to the first application of fertiliser trea~nent 

revealdd th~ e :istence of considerable variation. Thus 

there was a. difference of practically l09)0 between the 

lowest yielding plot; which produced an annual average of 

79 lbs. 1er tree of oranges for the six year ~eriod recorded, 

and the highest yielding plot ~hich produced 179 lbs. This 

variati on was not con f,idered s tr~E-; by the :.....uthors in com.i;iaring 

e~cas of soil on~ -third mile apart. But, in addition they 

found that, 11A com1!':ison of adjacent plots, however, shewed 

varictions in ~reduction in some cases of 30 to 40 per cent. 

They conside r 11 The two roups of factors v.hich are 

most persistently operative in causing the variation in 

1roductiqn are: first the inherent qualities of the tree 

due to character and vigour of ruotstock .nd top; secund, 

the vQriability of the Lroductivity of the soil in one 4 art 

of the field com1)ared "ith snothcr. T .. ey C omlllt;D t e. S 

follmvs:- "In spite of the '\ar.iation in growth and product-

ion of the tr~~s of this fielt, it is believed that t hi s 

1 lsntint is singularly uniform in comparison with the aver-

age citrus grove. This ftft has been brou6ht out in statis­
" 

t ica.l studies of the var iabi 1 i ty of this e.ncl 0L1~r orchards. 

In a.p~arance the trtes are stri~ingly similar•. 

In reference to the e,buve ex. erimLnt - 0bbe:c sa;:,rs 

(,.,~:1932).- 1·11cn the budlings had reached the age to be 

trans1lanted in to the orchard th~y rei resented the appLar­

s.ncE- of an E-XCt.;ptionall~r fine block of very uniform nursery 

tr~es; and yet, wh£n the selection of tre es wa s made to plant 

the e~~eriment in qu est ion, it was found that the size of thL 

scions, 3 to 4 inches above thb bud union, v~ricd from c.85 

cm. to 3 cm. or more in diameter. 

"In order to obtain some clue as to what would have 



been the result if all sizes of the nursery trees had been 

used without s~lection, a com •t rativb trial was planted 

with 18 large, 18 medium, s.nd 18 small tre""s of each of 

thrt- e varieties, all on S'l-'tet - orange stocks, a total of 

162 trees. 11 

It v. ill be seen frolll an t::Xarnination of the data 

<..,iv e n in Tablt. 1 ( ornittE":.d) tbat, durinb tht:i elevc;n year 

p ~riod u1 to 1928 in which the tr~cs were growing in the 

grove, in '-'ene re.l trie 1-, rc 1:- t · es r er.1~LLd 1er- ._; l ; the 

!li...diun t r· .es, 1.1 ... d:. ur.:1; ana. e-'-c. SJJ\X 1 -: : ~· 1;.. s , 1-.:.1, nd 

alfo that the size of the yield corresponds to the size 

of the tree . 11 

ebber examines exhaustively the data from the above 

and other carefully designed experimt:nts and arrives in 

every case at the conclusion that vetiability of the 

rootstocks within a variety is one of the major cauoes of 

variation a.none; tr ;:; vs '""'r .;', n under unif •rm corid.i tions . :i:n 

ii,3c.1ssing the results _of a furthE:r exp t.ri11ent he S&'s: -

11 It does not seGm probable tt.a t the variation in soil, 

buds, or bud unions could be responsible for the differences 

exhibited by these three sections of the same grove. It 

is difficult to esca~ c the C8nclu - ion that they were 

,. rimarily due to the differences in the size of the nursery 

stock selected for the planting. Since uniformly good 

buds were used it s0e111s like l y th3. t the most important 

variable was concerned v,ith size and typt: of the rootstock 

seedlings. · 

The qwstion which Lmnediately pre s '-nts itst-lf is 
are 

"In how far/these results ayplicable under New ZePland 

conditions?' · ,ebb e r ( 41: 19 20) c1E: scr i o dcl t :-4 norr r 1 

t t ' ~ .t time as follows and 

such a description is substantially true of conditions in 

Ne½ Zealand today: -



ThE stocks ure grown from s eed and th~ seedlings 

transple,nted from seed-bed to nursery about twelve months 

after sowing at \hich time they vary gr ea t ly in size, r ang­

er more, t hi s variation 

being always seen. In ordin{y p ractice all of the secdl-

ings are transplanted or at most only a few of tht., s 111aller 

on es -. re discarded. 

"After another tw e lve months those large enough are 

budded, there being consider~ble v~riation in the size of 

the seedlings, the smaller ones being budded later. 

"The budded trees then wait another two years and 

e.r~fJ trans,.., lante d to the: breve . At this ti e tht.,y still 
d. 
~~Y greatly in size. Quite commonly only the largest 

trees in a nursery will be dug ~d sold, ~hile th6 re s t will 

be left for a future occasion. The sma llest trees from 

the smallest stocks will finally reach s ufficient size and 

ult irna te ly find thu ir wa ~r in to the c:r ov _ .. 

.:uch s .,18.11 tr ees h J. ve unde r 0J. lif0 ni a n conditions 

been found to be definitely inferior in yield to the larger 

trees of similar hist or y . . Ther e seems no reason to 

believe that suc h is not al s o the ca s e under New Zealand 

conditions and casual inspection of seedlinGs of citronelle 

~nd sw ee t-or ange in the nurseries visited shewed a certa in 

number of van.ants as well as v ide divergences in size of 

similar age s eedlings. 

It appears, therefore t.te.tQiite a ~art from the 

possibility of undesirable variants suah as described by 

ebbir (41:1920; 44:1932) the larger sized trees artJ more 

desirable and since the eli1nination of small saedlings and 

budlings cannot be injurious, even if no perma(:;nt improve-
" 

ment i s achieved, and in view of the increased yield 

secured, it seems evident that the safest and best policy 
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to pursue is to p ractic e a severe nurs ~r y selection. 

The method. of nursery selection recoITu~end.ed. by 

' ebber ( 44:1932) is as follows:-

Seed ~v d. ~election - T he n the seed.lings are dug fr om 

the s eed bed discard the smallest se0dlin€:,s t o the ext~nt 

of about one-fourth of the whole popu1a:ti.on, or 25 per 

cent. Discard a t this time all 1.aa lformed seedlin6 s such 

as extreme c~e s of gooseneck11 or "b e nch rootn • . 

HNursery selection - ,hen t:te s ceJ.line; s growing in 

the nursery have reached the size and age for budd inB, go 

over them carefully and cut out all plants differing 

sufficiently from the standard or normal ty.i.J e of the stock 

·to be reco 6 ni s. ed a s di :: tinct e.::i.d. 1)BC J.liur i n any c lia r 2. c t a1·. 

l1~1 i s 0: i 1i na tion cl1 ) ,.1ld be .:. r ,3 s_p .. rn t ire of size. After 

this elimination of variants, the small seedlings should 

be cut out and discm:ded to the extent of 25 to 30 per cent 

of the entire remaining p ot ulation. 

"After this elimination has been made the entire 

remaining population may be budded and safely considered as 

propagated on good, uniform, highly selected stocks. s 

the seed.lings up to this time previous t o bud.ding, have 

little value, the carrying out of this elimination does 

not entail very great financia l los s. 

n:gud.ling Se l ection - Som..::. bud s dJ 11J t ~-e2. l v,t:a ll 

or ·are defective and d.o not give vigorous good trees. Such 

small and inferior budlings should be cut out and di scarded 

before the bud.lings are dug for orchard planting. ith 

good buds and selected lurge stocks the eliminati on a t th is 

time will b(:;; v r;;; ry s li l.,nt, _ 1·ob bly uot o Vt-£" 1 t o 5 :.. t.. .c cent . 



So-ne meth od. of s t~c \: s~ l ect ion s11.ch '.S o.J.tlined 

above could, in the writer 1 s opinion, with advatage be 

adopted by nurserymen in t ris country. 

(11) Manuring of Nurseries: 

In California, Florida a nd other citrus countries, 

citrus nursery stock is u s1a,ly fertilised, the general 

recommendation b ,:; ing thr0e .t:'p lications 1)0L~ .y~ of from 

500 to 1500 lbs Jc: a c~- per a plication of a good mixed 

fertiliser. Such heavy dressings may not be required 

under all conditions in thi s country but there is little 

. doubt in the wri ter 1 s mind that much heavier a1,p lications 

than are given at present would result in greater unifor­

mi ty of growth and. a lower ..)ro_,) ort L .,n of s 1all L;i., - i:;rad.e 

nursJi'Y st..;ck. 

( 111) Bud Selection: 

Just as in stocks so in the scion wood used in 
+ 

propagation there occur numerous strains within a 6 i ven 

horicultural va riety and it becomes a matter of para.mount 

importance that only true to type, high producing strains 

should be propagated. There seems little n~ed at this 

juncture to stress the imp ortance or value of citrus bud 

selection. 

The importance of bud selection would not a~i ear 

to have b8en f u lly r Ec0~n i sed unti l th iacr~ .~i~c 

variability of p roducts from Californi3 n orchards led 

to the investigation of bud mutation in citrus by Shamel 

and his co-workers • 

• Strain is used nto designate a group of individuals 
of a horticultural variety differing from all other 
individuals of the variety in one or more recognizable 
and constant characteristics and capable of perpetuation 
through vegetative propagation.• 
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•shamel's method of orchard analysis or experi­

mentation was to number all the trees in a grove and then, 

during a ~ t ried 0£ five or six years, follo~ the yields 

~reduced by each tree and the number of good , bad and off-

type fruits produced. by each tree each year. These data 

were used together with a study of the branching and foli­

age character s of the indiv ic ual trees to determine the 

number of types pre s ent and which were tte g ood and which 

the p oor typ es. He demonstrated conclus ively tbat the 

orchard s of every variety generally grown are now composed 

n of may types, and that a large number of the trees in many 

orchards were not yielding sufficiently or giving fruits 

of suffici e ntly good quality to yay their e:xi ense of up­

The s e he de s ignated ~boarder tr ees and advoca ted 

t heir r~moval or t op- working with good s trains to i ncrease 

the orchard. ;,roductivity. 

1,.r. Shame l a l s o advocat ed t hat a l l buds used for 

propagation should be taken only fr om trec:s of known high 

yielding capacity of fruits of 6 ood s t andard types; this 

to be determined by individual tree records of Ja:-ge numbers 

of tr ees on t he b est groves of the different vu.r i e ties 

during several y ears. 

As an indication of t he ca r e t hat ha s been taken in 

making t he tre e selections, it may be me ntioned t h tin one 

ashington Navel grove at Li 6hlands , California, individual 

tree p erformance r e c or d s have b~ Gn ke1 t on 18,000 tr ees for 

a pe r iod of s i x years. 

As Webb er p oints out in a l ~t er s ection ( 42:1925): ­

urf the bud. s E: lecti on methods initiated by Mr . Shame l 

accom1~li sr 1 ·d nothing more t han t o e liminate off-typ es of 

s mall, odd- shaped, a nd worthless fruits, it would be abund-
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antly justified., but aside from t hat, it g ives us the 

c erta inty of the .maintena nce of high productivity. More 

could. scarc el y be ask eQ, but it ho l ds out al so t he p ossi­

bility of ultimat~ly secur i ng i nherent ly h i gher y i eld i ng 

strains . 

The ne cessit y f or ca rryi ng out s i milar work i n New 

Zea l and. was ear l y r eco6ni sed. by 1v:r. G. • Gre en a nd othe rs 

and bud s election has been carried on in this country for 

tbe let t fifteen years . .L'JJ.arkE... d improvem c.nt :tas been ma.de 

in the type of citrus nursery st ock being pro~aga t ed i n that 

t i me , but tht. l a ck of suffic ie nt f inanc ial su.p or t or sympeth­

et ic c o-operat i on by orchard owner s has f rus tra t ed any efforts 

to r lace the work on e. s ound be. sis . 

Tree p erformance re cords are absolu t e l y es s en t ial i f 

the , ork is t o be csrried to i t s l ogical c onc lusion. -.hat 

da i ry f ar1.H::r i n thi s countr y would choost. a herd sire on the 

appearance of the dam? Fe i m,1c..die. t e l ~r enqui r es f or the 

1 erf crman ce record of the dam; ye t every citrus orchardis t 

in t h is c ou ntry is p lan ti ng t rees pro1agated f r om t r bes of 

unkn own perfor ma nce! 

The wr i ter in no way de s ires t o be l it t le the excelJent 

wor k whic h has a l ready bv Ln d0ne or the benefits which have 

accru Ld from i t but r ather t o point out the unenv iable task 

v hich has bten i mposed upon tht: bud St:lector anc.. the f util i ty 

of expectint anyon1.:; t o judge ev en a pro ::,,.. ima t e ly the ;yield of 

a tree ov c: r a pe r i od of ;rtars. Batchelor and. his c o- , orkers 

( 2 : 19t=8 ) 1 ho f ound. d iffer e rice s of up to ~O t o 40r• i n ad.ja cen t 

r l ot s { s ee p . 54 ) record. In epp E:aranc e t te t rees a r e 

striki nt l Y s imilar" . 
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No data are available shewing the proportion of 

citrus nursery stock sold which has been ~ropagated from 

selected budwood, but th e total _;.;r oportion would be sma ll 

and the work i s in danger of la~sing if financial aid is 

not forthcoming. It should be· impossible to se ll a tr e 

to a ocxnrnercial citrus orchardi~t worthy of the n~me, 

unless it has been propogated from selected budwood, 

an.i edumti.on, demonstration and instruction are required 

to bring home to orchardists t he necessity of p lanting 

only nursery s tock pr opagated from the most ca re.fully 

selected material. Individual sel0ction of propaga ting 

material by nurs ery-men is not recomme nded s ince, if it 

i s to be .eff ici ently carried out it deL1ands du.,Jlication 

of ::. fort en.:. l ac · s t h e: stabil ity and confidence wh ich 

s hould characterise such a movement. 

Ot he r advantages besides increased production, are 

the increase d un iformity of fruit grown on the trees from 

selected buds so reducing t he c os t of sorting ana packing 

the crop , while more uniform market grades , made p ossible 

by the uniformity of fruits increase t he confidence of the 

consumer in the fruit and induce a f~ge r consump tion. 

This condition i s tconomically vauable, both t o the p ro­

ducer and to the con °umer; it stabilises the industry 

as a whole and adds materially to the reputation and value 

of t he: crops . 

The inauguration of ~erformance record selected 

buds is urged as a nec essary step to the succe s sful p ro­

duction of a type of product whi ch can compe te satisfac-

torily with oversea s com1-,eti ti on. Our aim should be to 

have every tr e e planted p ropagated from performance record 

buds. 
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(lV) Height of Budding: 

One of the reasons for using "worke d• trees in p r efer­

ence to seedlings is that there by the re s i s tance of the tree 

to root diseases is increased; this benefit i s largely nulli­

fied if budding takss p lace at too low a level and the writer 

is of the opinion that greater re s istance would be imparted to 

~rees by the general adop tion of budding at a heigh t of say 8 

to 10 inche s. 

( V) Training of Trees after Budd ing: 

Many trees sent out from citrus nurseries in this 

country are bedly formed, may branchin~ almostly immediately 

above the bud union in place of a straight "leg" or trunk of 

15 to 18 inches before the commencement of branching. Low 

branching trees are undesirable as they hinder cultivation, 

the l uwe r branches frequently bend with the wei ht of fruit 

until touching the soil resulting in damaged or diseased fruit 

while the proximity of the "fork" to the oil level probably 

makes such trees more susceptible to bark disease s such as 

11 bark blotch. 11 

.1.1Iuch of the difficult y in securing good growth of the 

budlings •ru ld probably dis~pear if t iie trees were e.dequately 

selected prior to budding ( p . 57) and subsequently adequately 

fertilised. The ranker type of growth which might be expected 

to result would ~robably nece 3sitat ~ sta~in6 of the youn~ tre ~s 

i n order to ensure a straight "leg" but such should present no 
n 

difficulties and i s the stadard practice in other citrus 

countries. 

(Vl) Root System: 

Poorly rooted trees are usually the re sult of leaving 

s tocks in the nursery row for too long a period without wrench-

ing or moving the trbe. In the s pring, prior to sale, the 

young trees should be well "wrenched in the nursery row in 



order to induce the p roducti on of fibr ous r oots. 

Vll) Gene ral: 

Sue h i m_pr overnent i n t he ct nt. ra l quality of nursery 

,s tock a s has be e n outlined above can only be s e cured when 

citrus orchedists come to a full reali sation of the benefits 

accruing from the planting of only superior quality budlings 

and are willing t o p ay t he sma l l inc ease in ri c e v1h ich would 

be nec es sary to cover the hi gher cost of ~roducing such trees; 

hence the first ste~ con s ists in the education of the growers 

to appreciate the va l ue of the right typ e of tree. 

One grove was visited where the grower p roudly informed 

t he writ tr tht h6 ha d s e curbd the tr~e s ~la nt ed for £4 a 100. 

"They were mi serable runts of tr ees that the writer is certain 

would :sav.ethe grower endless trouble and e x~ense if they died 

early. No good nurseryman should send out such trees, and no 

grower, if he knew hi s business, would acce~t and plant them. " 

The se sp ecimens co s t t he grower 9 9ence each; the best 

would have co s t him 3/6 each and would have been, at the most 

const: rvative estimate, one year earlit;r in coming into bearing. 

This in itself would have paid for the e xtra cost of the better 

tr ees, but in add ition the grower would h~e saved intere st 

on cap ital , rat es nd workin ex)enses for one year; in 

add ition with the better tre es he could have had s ome guarantee 

that the trees were propagated from buds, s elected from trees 

true to type for the variety and of apparently good productive 

capacity so that labo ur and capital exp ~nde d on t heir car e and 

rna i nt n nee coul d i n da '"' sc .::.. s:;n b~ r"'a sona. 'uly e :_ co ted. to 

it l the low priced trees he had no such 

guarantee . 



CHA.PT v11 CITRUS OOTSTOCKS. 
n 

A. AdVl}_tges of "worked" tree s. B. The 
Ideal Citrus Rootstock. C. Varieti e s 
of Citrus Rootstocks in New Zealand: 
( 1) Citronelle. ( 11) Sweet Orange. 
(111) Trifoliate oraµge (lV) Sour Orange. 
( V) Other st ock varietie s. 
D. Dot1ble work ing. u. ~ r0~10:ctions in 
\ .2ich Stocksa,Ee in use in New Zea land. 
F.. Surnmary. 

Theadvantages of using "worked" citrus trees are 

briefly:-
a 

1. Sinc e most citrus ~sieti es are genetically 

heterozygous t hey do not bre ed true when raised from s eed, 

a lthough this ~os ition i n the case of c i trus is cons ider-

. ably compli~ed by thd pheno1.ne non of ... oly ::!rnbryo ~nd tht: 

produ ction of a.._, o.::, Hie ::! ,.,d.lin__;s r ~•..;::_lly .1e :u 1 • Howe ver, 

for the purposes of commercial planting it hasup to the 

present bee n f ound neces;ny to asexual methods of propa­

gating in order to ensure uniformity in the of fspring. 

The difficul ties of securing uniformity even by thismethod 

have prov ed c onsiderable and have been discussed in the 

previous section. 
d 

2. BudGd tr ee s, as a rul e , c omd into beting a t a 
A ~ 

much earlier a ge than seedling trees. 

3. The me thod permits of the careful selection 

and propagati on of only the be s t ty es with in a g iven 

variety iving uniformity of size andcyality and the 

rea s onable certainty of high productive capacity. 

4. The ~rower has, in add ition, a cho ic e of 

stocks so tha t better re~u.1ts may be obtain.ed on d ifferent 



soils. 

5. Many citrus varieties on their own root s are 

subject to attacks of root diseases ; certain stocks are 
a n 

L mnkedly resistat to thes e diseases and have been almost 
.,.. " I\ 

universally adop ted wherever these diseases are prevalent. 

There are f ew growers now ~ho dJubt the va l u~ of 

11 wor ked 1 ::;toc::r; the 'IJ~f., ti Jn a~v a. i t in,. s Jlut ion is On wha t 

stock shall I order my trees?• 

B. Th~ IDLA.L CITRUS rtOOTSTOCK. 

Before attem .... Jting t o answer this much deba t d ques t ion 

l et us review the desirable pro erties of an ideal citrus 

rootstock. 

( a) It must be compatible with the scion f orming a 

successful union. 

(b) For ordinary commercial pur~oses it must not 

unduly dwarf or stunt t he growth of the scion. American 

·e xpe ri ence on t he whole ( ~). 55) has shew n t ha t t he l a rger the 

tree (of similar strain) t he la r~er the y i ~ld. Same ~ur sery -
I 

ra~n c .:rntvnd tha t the smaller size of tree may be com1: ensated 

for by c l oser planting in the orchard. No definite 

inform&ion on this p oint s eems to have been collected, but 

in any case the method seems scarc ely justified unles s some 

othe r advan t age is a lso gained . 

(c) The fruit produced on the stion must be of g ood 

quali:ty; i.e. the stock must exercise no adverse influence 

on the quality of fruit produced by the scion 

+ Stion - a word introduced by Webber to indicate any plant 
or tree comp os ed of a stock and scion growing in 
combine. tion. 



+ 
(d} The stion should be long lived and fruitful 

throughout its l i ·e . 

(e) The stock should be resi s tet to the attacks of 

organisms casing r oo t diseases. 

(f) It should be uniform in th~ type of its progeny. 

A stock which could be readily ~i ropagated by either top or 

root cuttings, so ensuring t he p ro~agation of s e lected strains 

would be a decided adv n t a~e undar SQ~s con l itions. 

(g) It should be redily propagated and budded in the 

nursery so reducing nursery co s ts. This advantage should 

not be permitted to out1rn igh the fa ore imp ortant charact ers 

outlined above, but is an added desirable characteristic. 

Any tendency to judge the value of a rootstock solely 

on the vegetative growth s ecured. i n t he ear ly yea r s of e:;ro111th 

juice, 

fruitfulness, longevity and di sease resistance are all 

imp ortant factors to be cons idered. 

C. VARThTILS OF CITrlUS-ROOT STOCKS 
IN USE. IN ~. ~LA.ND. 

The only stocks cm.nmonly used in New Zealand are, the 

ci tronel-:J-e or r oughlemon, the Island sweet-orange (Citrus 

sinensis), the trifoliata l~ oncirus trifaliet~ , and to a 

small ex tent the sour orange (C. Aurantium Linn). The 

ordinary lemon ( C. Limon ia, Osbeck), the Rangpur lime ( c. 

a urantifolia, Swingle) and the Cleopatra mandarin have been 

tried exper imentally. 

(1) The Citronelle or rough lemon i s a horticultural 

vsiety of t he common lemon ( C. Lirnonia, ·Osbeck). Its origin 

is doubtful, the seed u sed in New Zealand for propagating 

coming largely from Norfo lk Island whe nce it was introduced 



in the early days of coloni sation and has now gone v.'ild. 

It is also common in the older settled parts of the North 

Island of New Zealand where it was introduced at an early 

date , while it is abundantly naturalised in Florida , south 

Africa, etc. 

There are doubtless a number of strains within the 

variety, each of which would eventually have its own particu-

lar effect on the scion. Some of these strains are com-

mercially rec o6 n ised u.s in the Bombay ~ residvncy wl1t.: re two 

str ins, Jatnburi and Id are recogni sed as h&ing distinctly 

different reactions 1 :i t h the scion . 

.uXp13r ienc e with the citron3llc s 

h s be-n Ve J.~-..,~ v.:... .c i ad; its .1:::i;:; 11..,.-; 1 ~en lj_.Jc _riti uJd in 

H ~ aii "because of le.ck of re s ist{ce to e:,ilmmos is 11 ( 23: 1934); 

Henricksen ( 16: 1930). Speaking of groves in .r orto Rico says, 

11 It (citronelle) may be p lanted in any s oil t :1~t is suitable 

for citrus growing, and is ~referable to other stocks in 

extr mely light sandy and in very impe rvious soils. Trees 

~h ich are budded on lemon stock are said to be more likely 

to produce coarse fruits than are those budded on other stocks. 

This was not found to be the case , but may be in a more 

e x tensive study when more fruit is available. The longevity 

of trees which are budded on lemon stock i s s, ie to be less 

than that of those budded 09 the other stocks, but this fact 

was not established.• 

H. J. ebbir writing of the rootstock trials begun at 

Ri verside xperiment Staion , California, in 1927, says (45: 

1934) nRou h lemon has g iven result s in the trials so far 

which entitle it to specia cons ideration,--• 

Camp (5:1931) speaking of Florida conditions p laces the 

rough lemon second only to the sour orange wh ich is the 

standard s tock in that country. He comments: nit i s not 



as resistant to foot rot and similar diseases as sour 

orange, but is more resistant than most of the other root­

stocks." 

Webber (42:1925) in hi s report on the citrus indus try 

of South frica remarks: "Fortunately, however, the informa­

tion t hat ha s been accumulated CLearly indicatb s at least one 

safe stock for very gen~ral use. 

rou&,h lemon.u 

This i 6 the so-called 

Contrary to the opinion sometimes expressed in this 

country l rovan (25:1933) writing in the Journal of Agricul­

ture for Victoria says that "rough lemon is a useful stock 

for sweet orange in non-irrigated areas owing to its ability 

to withstand drought." Under irrigated conditions, however, 

he noted a gradual deterioration in growth after the 15th. 

year. 

ebber- ( 42 :1925) summarises the p os ition as fo lows: 

"The rou h lemon i s ely to row, develop s rap idly, buds easily 
" and in general forms algood union with orange., grapefruit and 

lemon varieties. It produces, generally a good root 

development, a good growth of tree, good bearing capacity and 

good fruit. robably the greatest weakness of the rough lemon 

as a stock i s in its susceytibility to collar-rot. Fortunately 

it is by no means so susceptible to tI'-is much dreaded disease 

as the s½eet oran~E though it i s by no means as resistant as 

the Seville orange~ The rough lemon does p os sess quite a 

high degree of resistance, though it is not entirely immune." 

Qinn (26:1933) in a study on the influence of rootstock 

on the texture and flavour of orange fruits in South Australia 

found that the acidity in the fruits from Thompson's Navel 

trees on rough lemon was approximately 16.25~ lower than that 

of fruits from trees on sweet orange. The acidity of 



ashington Navel was 12.08~ less on rough lemon than on 

sweet orange. The 1-.. ercentages of sugar f ound in both 

cses was slightly greater on sweet orange stocks. s 

regards juice, fruits of both varieties carried more juice 

when grown on sweet orange than on rough lemon. Fruits 

of both varieties became sweet to the palate earlier on 

rough lemon than on sweet orange; some of the larger fruit 

on the rough lemon were mawki s hly a.r.1.d in sip idly sweet and. 

this was aso noticed with Valencia on rough lemon. 

Hume ( 18:1926) mentions a ls o the tendency for trees 

worked on rough lemon to 1 roduce in their early years fruit 

of inferior quality, thick-skinned and deficient in juice, 

but as he remarks, this i s ~robely due to t he vigorous 

vegetative growth of the young tree and with increase in 

age the fruit produced are of a s fine quality as those 

from other stocks. Oranges on this stock , he also con-

siders dry out earlier at t he stem end nd therefore cannot 

be held so long on the tr ees as with other stocks. 

Under New Zealand conditions the citronelle a_pears 

to give excellent results with lemons on all clsses of soil 

in use for citrus; its use for x oorman orange s requires 

further investi ation before it can be g iven unre se rved 

support since its use may be one of the fators ope rating 

in the early drying out of juice in this variety in some 

orchards; no mature plantings of sw eet oranges on this 

stock are known to the writer but the majority of the 

p lantings at Keri Keri are on thi s stock and until further 

evidence is available judgment must be suspended as to its 

use for sweet oranges in New Zealand. 

( 11) Swee t Orange ( C. sinensis) 

The swee t orange appears to be compatible with most 

scion varieties but in the case of the Satsuma orange Hume 
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not e s t ha t while the tree s grow wsll they do not fruit 

we ll. He a dds: nThe growth of tr ee s on sweet stock 

is more rlid t ha n on sour or trifoliate orange; and in 

general it may be said that in rap idity of development 

it is sur-ssed only by t he rou 0 h lemon and pomelo . " 
" 

A characteristic of the swee t stock is its shallow 

rooting syst em; Mills ( 22:19 02) wh o investiga t ed the 

root syst ems of various citrus rootstocks, declares that 

on all kinds of soils it is the nature of the sweet orange 

seedling to form a shalow root syst em , and tha t it is a 

surilie growing s t ock which has few or no deeply pene trating 
I\ 

roots. Mr. Geo. A. Green, however, consid-ers t hat the 

ab ov e statemen t i s not true under New Zea land c onditions. 

Unfortunately the stock is extreme ly susc ep tible 

to footrot and root diseases and on t h is account its use 

bas been largely discontinued i n many countries in favour 

of more resistant stocks , ch iefly s our orange and rough 

lemon (citronelle). In Technical Communic&tion Mo.3, 

Imperial Bureau of Fruit i roduction (19:1932) it is stated: 

tt swee t orange would be faxmore extensively empl..,yed as a 

s tock , we r ~ it not that i ts extreme s uscep tibility to mal 

d i gomma or footrot exc eeds t r.a.t of any other citrus stock 

and rend ers it unsafe to use on any but light and dry so ils; 

moreover , s ince othe r more resi s tant stocks will also do 

w,.).l on t he st s oils, t he une of E'Vlt..c t st ac .1.<::'J , i t h i t s 

attendant risks has in many p laces been d i sc ontinued. " 

Camp (5:1931) writing of :B' l oridalsays: "It sw e t 

ora nge ) s h ould ne ver be used as a-roo tstock where the sour 

orange will grow sa tisfetori l y , a s the danger from footrot 

is t o o grea t • " ccording to 1 op e ( 23 :1934) it has been 

discf1Eded i n .tlawaii owin6 "to its lack of resistance to 
ti 

gummosis. 
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• ebber (42:1925) writing of South African conditions 

remBrks: The use of swee t orange, hc~ever, ie dan~ercu~ 

i n all caeeE , unle rs t!L trce e er~ e. t hiLh on selected, 

well drained, rather light soil, are irrigated prop erly, 

add freqently inspected to detect and check any infection. 1 

Ap~t from t h is susceytibility to disease the sweet 
~ 

stock is an excellent one; it forms a 5 ood union with the 

bud; it gives good gr owth ~ de ve lo.JS shaJe l y sy.-1rnetr icci. l 

tr1:- es of _; o od. bee.rin...; Cw._- bLLit i es w ic:. a_ ,1·t f.'JI ,l r_ :se .... s.::: 

are long lived. 

Webber (45:1934) in summarisin0 the rootstock experi­

ment on lemons at River s ide, California says that taken as 

a whole, sweet orange stocKs stand at the h~ad of the list 

for yield, followtd by rough lemon, and t h is resnJ..t i s i n 

accordancE. '··ii ri tr..t. general observation that the old lemon 

6roves to be found locally on sw- et orangb are thb equals or 

supe riors of groves of siwilar age on other stocks. 

In a f rivate communication to .11ir . G.A. Green, iv.r • .A..D. 

Shamel remarks, e are gradualy going back qqite generally 

to swe et orange s ee d obtained from vigorous old tr~e s for 

that you will do well to stick to yourlia:catonga orange and 

Citronelle seed until you are s ure that you have a n~th ing 

better. I think that the selection of healthy vigorous, 

productive, and resistant older parent trees is important 

in this connection. Such old seedlin6 orange trees art 

available in New Zee.lad ( l late 111), and they should be tried 

out experimentally a s 1:;are'l.i. trees for propogating material. 

The writer' s ob servations during vis its to groves in 

th e summer of 1934-5 force him to the conclus ion t ha t there 



PLATE 111. An Island Orange 

seedling 86 years of age and still in a flourish-

ing condition at Warkworth. The tree tends to 

bear in alternate seasons and while not carrying 

a crop at th6 time the photograph was taken is 

this year estimated to bear at least 10 bushels 

of fruit. 
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were practic lly no citrus soils on which sweet stock 

could be sa.fely planted in New ~ealand without adequate 

und..e.r-draina.ge. Only when efficient artificaal drain-

age is provided can sweet orange stock be relied upon to 

give a satisfactory length of life for citrus trees under 

our prevailing conditions. Apart from this one weak-

ness the stock is probablf ideally suited for our condit­

ions. 

( 111} The Trifoliate Ora.nge.(Poncirus trifoliata,.Ra.f.) 

The Trifoliate taken as a whole, may be regarded 

as an erra._tic stock, in that its effect on the scion ca.n 

never be accurately foretold. This tendency to variat-

ion ebber (24:1925) ascribes to the existence of a num­

ber of strains having different reactions on the s me 

scion variety, instancing the similar behaviour of the 

Par dise apple stocks before the days of clone selection 

and propagation. 

It has probably been.used as a stock in China and 

Japan from very early times; cert&inly for 800 years at 

le st. It w s first tried in America about 1895 and 

is still extensively used as a stock for the Satsuma 

orange, while in Sicily it offers promise as a stock for 

several kinds of blood orange. It has never been 

widely used.. in New Zealand as a citrus stock in commercial 

plantings. 

The soils best suited to the trifoliate are those 

of an alluvial or moisture retaining nature with a neutral 

or acid reaction. It d..oes not grow well in dry or 

calcareous regions. It is generally concedeQ to be 

resistant to the attacks of organisms causing footrot 

and gummosis, but recent ~ritin~s have thrown consider­

able doubt on this point. 
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The trifoliate orange is a deciduous dwaxf tree 

forming a good root system with abundant fibre and deeply 

penetrating roots. When worked with a vigorous scion the 

roots increase in vigour and Hume and Webber both remaxk 

that in no case has the trifoliate stock failed to outgrow 

the scion worked upon it; in other words the girth of the 

stock at the point of union invaxiably becomes greater t han 

that of its scion. 1n one orchard the writer visited neax 

Auckland this was not the case as fax as lemons were con­

cerned; in this case the scion had outgrown the stock in 

many cases; on all oranges observed, however, the stock was 

the larger. 

It is not a congenial stock for many citrus varieties 

and its chief claim for reco gnit i on in this country lies 

in the marked i mprovement in the quality of fruit produced 

by many varieties of citrus when worked on the stock. The 

trees produced are usually (but not always) smaller in 

size than t hose worked on other stocks, but are .more precocious; 
. 

part of the dwarfing effect usually observed may be due to 

the early and heavy fruiting usually induced by this stock. 

The fruit produced are generally of higher colour, thinner 

skinned, they contain less rag and hold their juice longer 

on the tree. 

Davie (i2:i924) testifies to the striking improve­

ment in quality of any fruit grown on this stock in South 

Africa. 

It appears to the writer that future development 

in the growing of sweet oranges in New Zealand demands an 

active experimental enquiry into t he possibility of i mprove­

ment of quality of the product by the use of different 

stocks or combinations of stocks and without making any 

definite statement it is felt t h at the trifoliat e stock, 

combined with a suitable scion variety and grown on suit­

able soil appears to offer possibilities for thP. T'IT'rH'l,, .... +-i--
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of high quality sweet oranges in this country. 

In respect of quality of fruit it is interesting to 

note the conclusions of Quinn (26:1933) who found that on 

tests with the Mediterranean Sweet variety the acidity of 

the fruit s decreased progressively according to whether the · 

rootstock was trifoliate, sweet orange, pomelo or rough 

lemon respecti v•ely. Sweetness followed the same order. Juice 

was most abundant in fruits from pomelo stocks followed in 

turn by those on trifoliate, sweet orange and rough lemon. 

Practically similar results were recorded for Valencias. 

Among the orchards visited during t he course of the 

survey may be mentioned t wo in the Auckland district and one , 

at Gisborne where trees on trifoliate stock were observed to 

be making excellent growt h and appeared to be giving good 

production. In one case on Avondale Flats three trees ofthe 

variety Lue Gi m Gong on trifoliata stock were planted in 

the soring of l931; when observed in February, 1935 the 

trees were as healthy as could be desired," deep green and 

vigorous in habit being 5 feet six inches in height while 

other well-grown specimen trees of this variety on trifoliate 

stock were observed. 

In another orchard vi s ited at Henderson another grower 

had planted in September, 1931, 95 lemon trees on trifoliata 

stock . These were deflowered for two years after planting 

and at the time of my visit in February, 1935 ~he trees 

averaged 6 to 7 feet in height and were bearing a heavy crop 

of fruit. 

On deep alluvial soil on the Gisborne Flats trifoliata 

appears to thrive; in one orchard a fine row of Ruby blood 

on trifoliata stock, seven years from p lanting and approx­

imately 8 feet in height was observed; Groverley Navel of 

the same age was markedly stunted the trees being only 30 

to 36 inches in height; Golden Nugget and Navelencia had 

in the same time reached a height of a-i::p roximately 5 feet. 
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Three Lue Gim Gong planted on trifoliat a , sweet orange 

and citronelle stocks were respectively 6.7ft., 8ft. and 

and 8ft. in height. In these cases the dwarfing effect of 

trifoliata stock does not appear tohave been serious except 

in the case of the Groverley Navel. 

In any cas e more defini t e experimental evidence is 

required before one is in a position to finally pass judgmen. 

(iv) Sour or Seville Orange (C. Aurantium, Linn ). 

According to Hume (I8: 1926), 75 percent of the world's 

commercial output of citrus is grown on sour stock, and Coit 

(7:1927) seems to think tha t it would be as well if the remain­

ing 25 per cent were also so grown. It is compatible with the 

majority of citrus vaxieties grown in most countries. 

The sour orange is characterised by abundant and deep ly 

penetrating roots. Hence in Florida (7:1927) it was found 

to be less affected during periods of protracted droughts than 

other more surf ace feeding varieties. The comparative immunity 

of sour orange to footrot and all those f or ms of gum disease 

which have devastated so many orchards in the past, is a factor 

which has told heavily in its favour when choice of rootstocks 

has been under consideration. In the early years, trees on 

this stock are not very free bearing, but the fruit that is 

·produced is of good quality from the start, a characteristic 

which is not common to the quicker growing sorts such as rough 

lemon. 

It s orice consp icuous failure is as a stock for oranges 

in South Africa where it has proved a complete failure. 

It is used almost exclusively as a stock for lemons 

in Italy. In Cal i fornia in recent years there has been a 

return to sweet orange as a stock for lemons owing to a fall­

ing off in vigour of trees worked on sour stock after they 

reach the age of ten years, p:iarticularly in Ven·tura County. 



----It is difficult to say why the stock has not been 

tried out in this country. It was for some reason not in­

cluded in the trials of rootstocks at Tauranga and the 

writer found no trees in orchards which were known to be 

on sour st~ck although a number of sour oreµige trees were 

observed all apparently in vigorous growth. 

It has been included in the Mount Albert Test area 

and it will be interesting to note its response to New 

Zealand conditions. 

(v) Oth er Stock Varieties. 

(a) Rangpur Lime. (c. aurantifolia, Swingle). 

The Rangpur lime was tried as a stock at the Tauranga 

Experimental Area and proved fairly successful in point of 

yield as a stock for Lisbon or Genoa lemons. Its use has not 

extended commercially owing to its susceptibility to frost 

and also to its liability to uproot in heavy wind due to 

its shallow rooting system. 

(b) Common Lemon (C. Limonia, Osbeck). 

While in the early days of the industry the lemon was 

frequently propaga.ted on its own roots either from cuttings 

or layers the trees were usually short-lived owing to attacks 

of footrot. Its use for commercial plantings has therefore 

been abando.ned though some nurserymen (not in commercial 

areas) still raise considerable numbers of lemon cuttings for 

s ale. 

(c) Oleonatra Mandarin (0. nobilis var. deliciosa, Swingle). 

Reasoner Bros. of Floria who introduced the Cleopatra 

mandarin as a stock have adopted it along with sour orange as 

their standard stocks. They write, "Cleopatra mandarin is a 

very hardy subject and produces a quality of fruit sunerior to 

any other stock we know of. It is a vigorous grower; with­

stands prolonged droughts; holds fruit even later than sour 

stock and does so with no drying out of the fruit, even late 

in the season. Its added advantages of immunity to citrus 
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scab, footrot and many fungus diseases makes it an ideal 

root system. 

It seems to be compatible with most citrus varieties 

under Florida conditions and should be worthy of trial here. 

(d) Granefruit or Pomelo. (C. maxima var. uvaca.rpa, Merril 
and Lee). 

This stock has been tried out in a number of localities 

but its use ha s never become extended possibly because its 

soil adaptations are limited or partly because the grower 

feels little inclination to become involved, unless driven 

by necessity, with a stock whose reactions are still a matter 

of uncertainty. 

The use of the local Poorman orange or New Zealand 

Grapefruit as a stock is probably worthy of trial since it 

is comparatively easily grown from cutting and is a strong 

and vigorous grower. 

D~ . DOUBLE WORKING OF STOCKS. 

"Double working" consists in budding or grafting 

a suitable scion with mutual affinities on to a particular 

stock; allowing it to grow for one or more seasons and then 

budding over the double worked tree with a commercial variety 

of proven affinity with the intermediary. This method has 

been used in the past on certain apple and pear stocks but 

outside New Zealand is a new departure as far as citrus is 

concerned. Only one reference could be found in the literature, 

in which double working of citrus was mentioned; this was in 

an article dealing with the use of sour orange as a root-

stock for sweet orange and mandarin in Java, published in 

11 Landbouw 11 , r934. Sweet orange or Japanese citron was tried 

as the intermediate stock, and sour orange the root-stock, 

proper. 

The suggested benefits to be derived from double 

working are : -



I. The production of good commercial trees on 

soils which are unsuitable for stocks for 

which the tree has a natural affinity. 

2. Retaining the improved quality of fruit ob­

tained on trifoliata, while eliminating its 

dwarfing tendency. 

As far as the writer knows the method was first 

adopted and tried out experimentally by Mr. H. R. Wright, 

of Auckland. He has ~ad a number of experimental trees 

in his nursery for some years and these anpear sufficiently 

promising to warrant, in the writer's opinion, experimental 

trial of the method under standardised conditions where. 

satisfactory comparison can be made with trees propagated 

by the ordinary methods. 

The double worked stock which has been principally 

tried out by Mr. Wright is trifoliata plus Cleopatra 

mandarin or alternatively trifoliata plus 11 Best's Seedless" 

these double stocks being s~bsequently re-worked with 

another commercial variety which ordinarily lacks affinity 

with trifoliata. 

The results to date appear very promising. 

E. PROPORTIONS IN WHICH STOOKS ARE IN 

USE IN NEW ZEALAND. 

W1ile an attempt was made to determine in all 

cases the stocks on which orchards were worked little 

success attended the effort since most of the growers 

visited were unable to supply the information. The young 

plantings at Keri Keri, while mainly on citronelle stock, 

were said to vary, some being on sour orange and some on 

sweet orange but no register was available as to where these 

trees had been planted. On observation, only, the writer 
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believes that a larger proportion of young plantings 

(exclusive of Keri Keri) are worked on citronelle than 

was formerly the case. 

The data collected from such growers as were able 

in supply information is tabulated in Table XV below. The 

figures of Keri Keri growers have been excluded from the 

list; were they included the proportion of trees planted 

on oitronelle would be overwhelmingly great. 

TABLE XV. 

Showing the proportions and numbers of trees of the 

different varieties worked on citronelle, sweet orange and 

trifoliata stock in the groves where definite information 

was available (Keri Keri figures were excluded). 

Stock 

Sweet 
Orange 

Citronelle 

Trifoliata 

LEMONS. N.Z.GRAPEFRUIT. 
Not 

Bear- Bear- ~ 
ing ing 

I,556 474 57i 

~o 860 39% 

50 95 4% 

Not 
Bear- Bear­
ing ing 

466 239 

50 57 

• • • • 

~ 

86% 

I4% 

. . 

TOTAL. 

2I8 

I05 

34 

While the total number of trees includ~d in the 

6I% 

29% 

9% 

table is relatively small it serves to indicate that of the 

older lemon plantings 75% are on sweet orange stock but of 

the newer planting s only 30% are on sweet stock the remain­

der being planted chiefly on citronelle. Plantings of 

New Zealand Grapefruit are preponderantly on sweet orange 

stock, while the total numbers of sweet oranges is so small 

as to lend little significance to the figures. 



Stock 

Citronelle 
or rough 
lemon. 

sweet 
Orange. 

Distribution. 

Practically 
universal. 

Universal but 
not generally 
used owing to 
susceptibility 
to foot rot & 
gum diseases . 

Trifoliata. Japan,Ohina 
parts U.S.A. 

Sour 
orange 

Throughout 
citrus grow­
ing regions, 
except South 

Africa. 

T A B L E X V I. 

Summary of the Distribution, Soil Adaptability, Disease Resistance, Etc. of the 
Rootstocks chiefly used in New Zealand. 

Soil Adaptability. 

Especially suitable 
for sandy soils,but 
adaptable over a 
wide range. 

Light dry soils owing 
to susceptibility to 
footrot. Root system 
shallow. 

Alluvial or moisture 
retaining soils with 
naturai or acid re­
action. Roots deeply 
penetrating with 
abundant fibre. 

Wet or heavy soils 
but c9vers wide range. 

Effect on Scion. 

Fruits in the early years 
are liable to be of infer­
ior quality; later it pro­
duces as fine fruit as 
any other stock. Trees 
on it have tendency,correct­
ed later, to tall upright 
growth in centre. Evidence 
contradictory as to in­
fluence on taste and shape 
of fruit. Said to withstand 
drought well. Marked recup­
erative powers after pertod 
of neglect. 

Rapidly produces a shaJely 
tree, being superior in this 
respect to sour orange & 
trifoliate, though not to 
citronelle and grapefruit. 

Stock usually outgrows the 
s~ion in circumference. 
Often somewhat dwarfing, 
though this is possibly 
due to slight incompat­
ability ana environmental 
conditions or to different 

Strains within the 
species. Trees pre­
cocious and bear frui-t 
of exceptional quality. 

Not free bearing in early 
years but fruit of good 
quality from the start. 
Later bear freely. Dwarfing 
effect on light land in 
South Australia. 

Disease resistance. 

Fairly resistant 
to brown rot and 
footrot gummosis; 
much more so than 
sweet Orange stock. 

Susceptible to foot­
rot and brown rot 
gummosis, etc. on 
poorly drained 
soils. 

Usually considered 
resistant to foot­
rot and gum diseases 
but resistance has 
been questioned by 
recent renorts. 

Resistant to foot­
rot and gum diseases. 

Recommended in N.Z. 
for the Varieties 

All commercial lemons. 
Judgment suspended in 
case of N.Z. Grapefruit 
and sweet oranges until 
further experimental 
data available. 

All varieties, on soil 
that has been effic­
iently under-drained. 

May have possibilities 
for sweet oranges 
but experimentation 
necessary. 

Not at present in 
use nor nae it 
been included in 
any trials prior 
to Mt. Albert 
test. 
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A SUMMARY OF ROOTSTOCK TRIALS COMPLETED 
OR IN PROGRESS IN NEW ZEALAND. 

A. The Taura.nga Trial. (I) Layout etc. 
(II) Critical Examination of Results. 
B. Mt. Albert Citrus Test Area. 
(I) Introductory. (II)Oriticism of Layout 
adopted. (III) DisDosal of other Selected 
Citrus Stock. 

A. THE TAURANGA ROOTSTOCK AND VARIETY TRIAL. 

(I) Layout etc. 

In I9I9 a trial area was established by the Horticulture 

Division of the Department of Agriculture to test the auita.bility 

of certain varieties of citrus fruit for commercial growing in 

New Zealand. In 1923 the area was disposed of to Mr. J. H. 

Davidson, the past manager, who undertook to continue the records 

for a certain period. 

The area consisted of approximately seven acres, com­

prising 493 lemon trees and 145 trees of vaxious sweet oranges 

grapefruit and limes. The area was planted in August I9I8, 

with the exception of the stock-testing block, three rows of 

Genoa lemons, and about half of the s,,eet oranges which were 

completed in the following spring. 

Four trees at the end of each row of lemons were 

worked on Trifoliata and have now been removed. The crops 

indicated in the following table are the average of the 

four trees on each kind of stock, the count being based 

at the rate of 15.0 lemons per case for the seasons ending 

March 3Ist. 
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T A B L E XVI. 

Shewing the Yields of Five Varieties of Lemons on Various 
Rootstock at the Taurange Trial Area for the Years ending 
March, 31st. 1925, 1927, and 1928. 

Yield in cases, on following stocks. 

Variety. Year.Sweet 
Orange. 

Lemon. Trifoliata. Ra.ngpur Oitronelle. 

Eureka. I925 
1927 
1928 

Average 

Lisbon I925 
1927 
1928 

___ Average 

I.75 IO· 
4. 0 3:0 
2.0IAv.2.6 I.06 
2.6 I.7 

I.66 
5.0 
2.05 
2.9 

I.O 
t • 

, . 

0.75 
0.06 
0.03 
0.3 

2.0 
2.01 
I.05 
I.7 

Villa Franca1925.. 0.5 0.4 
I927 •• •• I.05 
I928 • • • • I.OI 

---=Av~er~ag~e---'·~·~-------------0•8 

Genoa 1925 
1927 
1928 

Average 

Missina I925 
1927 
!928 

Average 

I.O(young) 2.5 
• • • • . . • • 

0.2 
•• 
• • 

I.0 
I.05 
I.0 
l.O 

0.2 
I.O 
0.07 
0.4 

Lime. 

I.5 
2.05 
I.05 
I.5 

I.5 
4.02 
2.02 
2.5 

I.66 
2.06 
I.02 
I.6 

I.6 
3.0 
I.07 
I.9 

2.5 
4.05 
2.05 
2.9 

0.25 
2.05 
I.05 
I.I 

2.0 
4.0 
2.0 
2.7 

2.25 
4.0 
2.02 
2.7 

... 
3.0 
2.02 .. 

In r espect of the yields quoted in the above table 

Everett ( I 31 : !928) says II it should be borne in mind that 

throughout the Tauranga district there have been light 

crops of almost all citrus fruits for the past three years. 

The 1927-28 seasons crop was one of the lightest ever ex­

perienced in the Bay of Plenty, being in most cases almost 

a complete f ailure 11 • 

Where no yields are given for a variety on a 

particular stock it is because no records are available 

and does not indicate that no crop was harvested. Wherever 

records are available for the three years these have been 

averaged; where the yield for one or more years is not 

available the average is omitted • . 

No published data are available in regard to the 

t yp e of stock planted ox the treatment in then ursery 
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prior to planting. Davidson (II: I926), however, gives the 

following note in regard to the Lisbon variety: 11 This block 

of trees is the poorest in the area. They were a nasty lot 

when they came from the nursery, the rootstocks being old 

and stunted. The following season after planting the poor­

est of them were lifted· and destroyed. In spite of the fact 

that they receive the same manurial treatment as the other 

sorts they do not respond as they ought to. Many of the 

trees have not yet borne any fruit, and the average picking 

for the block last season was approximately one quarter case 

of fruit per tree". 

A summary of the observations from the trial area of 

lemons is given by Everett (I3: t928) ~ "The results obtained 

so far from the different lemon variety and rootstock tests 

indicate that the three most suitable lemon trees to grow for 

commercial purposes - in the locality of Tauranga, at least­

are Lisbon on Rangpur lime or sweet orange, Genoa on rough 

lemon, and Eureka on rough lemon stocks. While the yields 

recorded above show that the crop for the past two seasons 

has been lighter on the Genoa than on either the Lisbon or 

Eureka, it must be borne in mind that the appearance of the 

Genoa fruit is better than that of either of the other two 

varieties 11 • 

On the basis of average yield_ over the seasons given 

in Table XVI the recommendations would be, Eureka on citron­

elle and Lisbon on sweet orange equal with an average of 2.9 

bushels per tree, followed closely by Villa Franca and Genoa 

on citronelle with an average yield of 2.7 bushels per tree. 

It is doubtful whether such differences in yield are sig­

nificant. 

The continued recommendation of Rangpur lime as e 

stock seems hard to understand in the face of the following 
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comment by Davidson (II: I926), 11 Lisbon on Rangpur lime. 

Trees are vigorous and healthy. Six trees continue to bear 

rough fruit, and if no improvement shows they will be re­

worked. Several of the trees were severely blown about: 

two of them were entirely blown out of the ground, the 

root-system being so damaged that they had to be removed. 

The rooting-system of the lime is not so deep as that of 

the lemon or orange, which is rather a disadvantage 11
• Add 

to that that the production is lower than on sweet stock 

and there appears little reason for its recommendatiQn. 

(II) Critical Examination of Results. 

It is usually considered axiomatic in any experiment 

that as far as oossible all variables other than the ones 

being studied shall be minimised in the experiment or due 

allowance must be made for their effect. In an experiment 

of the type under consideration the chief variables which 

should be minimised or excluded are:-

I. Variation in soil fertility, drainage etc. 

2. Variations in treatment of the various plots. 

3. Variation in other environmental factors such 

as wind, frost, etc. not so easily controlled. 

4. Variations within the scion variety itself; 

budsshould be carefully selected and preferably 

be taken only from one tree to avoid variation. 

5. Variations within the stock variety used; stocks 

should be carefully selected and rogued for 

variants or observed differences in stions may 

be due to the use of different strains within 

the stock variety. 

6. Variations in the size of budlings at t i me of 

planting. Webber (44: 1932) has shewn by care­

fully planned experiments that "There is thus 

apparently an advantage possessed by the seedlings 

and budlings that are large while growing in the 



nursery ch is carried over when they are trans-

planted into the orchard and er sts for a con­

siderable period, at least long enough to give a 

larger crop of fruit during the first eight years 11 • 

This may be explained as an example of Blackman's 

"compound interest law 11 of plant growth. 

every precaution to ensure uniformity in a 

grove prior to commencing fertiliser eriments Batchelor 

and his coworkers (2: 1928) found differences of up to 40% 

in eld between adjacent plots and up to I09% between plots 

more widely spaced. 

What significance therefore can be attached to the 

rootstock trials at Tauranga? In the light of knowledge 

in re ect of rootstock variation, the necessity for bud 

selection, influence of size of budling at planting, etc., 

all of which has accumulated since the experiment was com­

menced it ears to the writer that the results obtained 

are of little real significance. Probably on the 0vidence 

it is safe to condemn trifoliata as a stock for lemons 

under Tauranga conditions but in the other cases it is not 

possible to be sure that the observed dif erences are sig­

nificant. 

In effect the_ Tauranga trial becomes little more 

than an expensive observational trial the results of which 

should in general be accepted with considerable caution. 

B. MT. ALBERT OITRUS TEST AREA. 

(I) Introduction. 

After many vexatious delays a test area was 

finally established the ~Fi true Committee of the Auckland 

District Council of the Institute of Horticulture and the 

first trees were planted on the I4th. Augu , I933, with 

the approval of the Department of Scientific and Indus­

trial Research. 



Jarious locations were viewed in the endeavour 

to find a suitable site for the area; it was desired 

that it should be reasonably central and that it should 

be i;epresentative of one or more of the types of soil 

commonly used for growing citrus in the district. Finally 

an area was chosen in close proximity to the Mount Albert 

Grammar School on the northern slopes of Mount Albert. 

The area obtained contains approximately two acres 

of volcanic soil of a lateritic type (no analysis available). 

Previously it was subdivided by a stone wall running length­

wise across the area; the subdivision above the wall was 

more or less continuously cropped
1 
thematerial grown being 

fed over the wall to stock on the lower area. Continual 

working of the upper section resulted in soil being piled 

up on the unper side of the wall. 

On taking over the area the wall was removed and the 

area ploughed and levelled. A series of trees of selected 

scion variety on selected stock varieties were then planted 

on the area and have since received cultivation and attention 

with the aid of monies granted for the purpose by the Depart­

ment of Scientific and Industrial Research and by the Unemploy­

ment Board. The layout is shewn in Fig. VII. The trees at 

the time of the writer's visit were suffering somewhat from 

dry wea ther but otherwise appeared to have established satis­

factorily. 

(II) Criticism of the Layogt Adouted and its effect 

on the Conclusions which can be drawn from the 

Test Area. 

The volcanic soil type which comprises the Test 

Area is unfortunately not representative of the types on 

which most of the citrus is grown in the Auckland district 

(see page 37) and the application of any conclusions which 

may be drawn is therefore limited. 

Secondly, the previous history of th e area makes 
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the designing of a suitable layout to obviate possible 

differences in soil fertilitya matter of extreme difficulty. 

The present layout appears faulty in that it makes no attempt 

to eliminate the effect of a number of variables. Take for 

instance the row of lemons on Citronelle stock (Fig. VII) 

should this row prove superior throughout the triai the ob­

served superiority may be due to :-

I. The superiority of citronelle stock for lemons 

on this type of soil 

or 2. It may be due to the fact that being an outside 

row the trees have a greater area available for 

rooting. 

or 3. The soil at the top of the elope may be better 

than that lower down. 

or 4. The superiority might be due to better shelter 

from the prevailing winds owing to proximity to 

t he shelter belt; to greater freedom from frost 

or other causes. 

The layout adopted appears to give little or no check 

on the eff ect of the above factors and any conclusions which 

may be drawn from t he axea must always be subject to the 

above limitations. 

The layout could at little trouble have been consider­

ably improved by:-

(a) Placing a row of check trees oomnletely round 

the experimental block to obviate variables 

2 and 4 above. 

(b) By reversing the order of alternate rows in 

the lemon block i.e. the corner block of Lisbons 

arranged as shewn in Fig. VIII. 

Such a layout as suggested is still open to considerable 

criticism but appears to be a big advanc-e over the one actually 

followed in planting the area. 
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The value of the area mn its present form seems 

limited to providing a rallying point for field days, as 

an adjunct to the agricultural section of the Mt. Albert 

Grammar Sc nool, possibly as a source of budwood of known 

strain and as an interesting observational rootstock trial 

which may suggest possible lines for future investigation. 

(III) Disposal of Other Selected Citrus Stock. 

Approximately IOOO trees were prouagated for the 

Auckland Citrus Committee by Mr. E. A. Herd, Hillsborough 

Road, Onehunga, from selected budwood, both of local strains 

and of selected imported strains. These were worked on four 

rootstock types and as the number was in excess of the re­

quirements of the Committee for planting the Mount Albert 

area it was felt that they would be of the greatest value 

if distributed as widely as possible so that their growth 

under different soil conditions might. be observed. 

This was done and a register has been compiled by 

the Committee shewing the tree numbers and other details 

of trees sold so that it is available fof future reference. 

This appears to be a valuable movement since it en­

sures the trees being planted on a wide variety of soil types 

and under different climatic conditions and if annual or 

b~ennial visits can be made to the trees and records kept of 

their progress it should afford valuable information. 



CHAPTER IX. VARIETIES OF CITRUS IN NEW ZEALAND. 

A. Lemons. (I) Lisbon. (II) Eureka. 
(III) Genoa (IV) Villafranca. 
(V) Meyer. 
B. Grapefruit. (I) N.Z.Grapefruit. 
C. Sweet o"ranges. (I) Washington Navel. 
(II) Lue Gim Gonr. (IV) Jaffa. (v) 
St. Michael. (VI Ruby Blood. 
D. Mandarins. (I Satsuma. (II) Temple 
Orange. 
E. Proportions in which varieties are 
already planted. 
F. Recommendations to Intending Planters 
and Summary of Varieties. 

Everett (14:1933) enumerates .20 varieties of oranges, 

I2 varieties of lemons and a number cf miscellaneous citrus 

varieties as having been introduced into New Zealand; this is 

probably a conservative estimate. As Webber (42: 1925) 

remarks in regard to South Africa 11 A mistake that is commonly 

made in the early development of a fruit industry and by 

t hose who have not become specialists therein, is to plant 

a few trees of a large number of varieties rather than a 

large number each of a few varieties. The glowing terms in 

wnich each variety is described in the nursery catalogue and 

the lack of knowledge of which is best leads him to choose 

many. The markets demand a fruit of known type and quality. 

They demand a few good standard types and accept other types 

grudgingly". 

a 
A. LEMONS -

The principal varieties of lemons which have been 

commercially planted in New Zealand are the Lisbon, Eureka, 

Villa Franca and Genoa. Other varieties which have been 

introduced but never widely planted are the rough lemon or 

citronelle (used as a stock), Meyer, Messina, Crisp's 

Ideal, Ponderosa or Wonder lemon and Sicily. 

II 
See Appendix II for descriptions of individual varieties 
in more specific terms. The description given in the text 
is only of a general character. 
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(I) Lisbon. 

The Lisbon type was one of the first varieties of 

lemon to be introduced into the country and probably con­

stitutes over half of the bearing lemon trees planted. 

Since the ins t itution of bud selection work, however, it 

has come to be recognized that the variety is really a 

heterogenous population consisting of a number of strains, 

some superior to others. The main strains which have been 

separated are:-

(a). the original long-thorned type introduced. at 

least sixty years ago. 

(~). the short-thorned or Sydney type; present sources 

of budwood chiefly Benjamin's, other strains 

originally imported from Sydney and C.H.Scott 

at Henderson. Probably identical with type (c). 

(c). Ferdinand Finger's or Doncaster strain of short­

t horned Lisbon; recently introduced by the Auckland 

Oitrus Committee direct from R. J. Serpel, 

Doncaster, Victoria. 

Buds of A. D. Shamel's best selected strain have also 

been imported from California by the Committee and have been 

planted out in the Test area at Mount Albert. 

The short-thorned or Sydney t yp e is the better of the 

two New Zealand strains and may,under trial, prove to be 

identical with the Doncaster strain. 

The variety is a strong vigorous grower, prolific, 

moderately thorny, and well furnished with foliage (see 

Plate IV). It is well furnished with fruiting laterals and 

bears its crop evenly over the tree. The fruit is very uniform 

in size, ripens evenly, and keeps well; the tree has a tendency 

to bear its heaviest crop in the spring when lemon prices are 

at a minimum niiile the thorns are a distinct disadvantage 

in pli::cking. 



LA.TL lV. A fine young Lisbon lemon tree on 

citronella stock at Keri Keri; 4yrs. from planting . Under 

good management conditions tree s at Ker i Keri have made 

phenomena 1 growth. These trees were inter-cropped with 

passions and do not ap pea r to aa.ve suffered any setback. 

FLA.TE Vl. A young t hree year old Washington Nav e l 

on citronelle stock at Keri Keri. Not all the trees 

have fared as well as this one, but this shews what can be 

done under good cond itions. 



Selected strains may be safely recommended for 

commercial planting. 

(II) Eureka. 

As in the case of the Lisbon several strains of 

Eureka are found in New Zealand plantings the two chief 

strains being: -

(a). The original strain imported from California 

about I 888 . This type II sports 11 freely and 

often gives thick skinned and irregular fruit 

of low commercial value. If any grower is 

dissatisfied with the Eureka variety it is 

usually because his nlantings are of this type. 

(b). The "Sweet Rind"; a type of Eureka introduced 

at a later date from $ydney. It has nroved 

to be of better quality and appearance, thinner 

skinned and better teKtured. 

(c). A. D. Shamel's best selected strain has also 

been imported by the Citrus Committee and is 

under trial at the Mount Albert Test Area. 

The variety forms a somewhat smaller tree that the Lisbon 

and is pracjically thorn-free. Tne fruit is of uniform shape 

and keeps well being the standard variety grown in California. 

The tree has a tendency, not easily corrected, to grow the 

fruit at the extremities of the branches where it is more sub­

ject to wind-rub and it is generally poorly furnished with 

foliage. The variety is very prolific coming into bearing at 

an • early age and bearing a better summer cro ·o than Lisbon. 

It is one of the best commercial varieties in this country. 

(III) Genoa. This variety was originally introduced 

from Sydney for trial at the Tauranga Horticultural Station 

and under conditions there has proved one of the most profitable 

varieties. The tree is thornless, semi-dwarf in habit and 

the fruit keep s excellently. The fruit is unusually uniform 
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in type, of good form, type and appearance with a thin rind. 

It is not as vigorous a grower as the two preceding varieties 

but as it becomes better known it will probably prove popular. 

Chief source of budwood, Davidson's, Tauranga. 

(IV). Villafranca. 

Tnis is a variety which is being planted to a certain 

extent i n the Tauranga district. It yielded moderately well 

in the Tauranga trials and Davidson remarks in regard to it 

(II: 1926): 11 It has the same advantage as the Eureka variety, 

of being a vigorous grower and an early bearer. The general 

habit of the tree is stocky and rigid. The branches are much 

shorter-jointed and less drooping than those of the Eureka, 

arj,d the tree is therefore better suited for exposed situations. 
& 

The fruit produced on young trees is decidedly of poor quality. 

The nipple does not grow out, which makes the fruit too round 

and rough looking. It is also a heavier summer-bearing variety 

than the Lisbon or Eureka, and this is decidedly in its favour". 

It is doubtful whether it possesses any characterist ics 

which warrant its planting in place of one of the three preoeed­

ing varieties. Chief source of bud-wood Davidson and Benjamin Taur­

anga. 

(V) Meyer Lemon. 

Though t h is variety is not recommended for commercial 

planting a note in regard to it is added here owing to the 

wide publicity it has received since its introduction a few 

years ago. It is a hardy dwarf variety of extremely precocious 

nature when worked on trifoliate stock. The fruit tends to 

be smaller than the ordioary lemon and somewhat resembles 

the Tahiti lime in shape; the skin is of extremely smooth 

texture and turns a deep golden yellow colour which makes it 

very attractive for window dressing . While analysis does not 

s how it to be markedly lower than other varieties in acid content 

it lacks t he pronounced flavour of the other varieties. 

~ Now that the trees are older the writer d un erstands the qualit} 
has improved and is now up to standard. 
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B. GRAPEFRUIT. 

Most of the leading varieties of American grapefruit 

have been introduced into this country and given fairly ex­

tended trial. None of the varieties which the author has seen 

fruiting can be considered as commercially satisfactory. two 

growers at Keri Keri reported that their trees bore fruit of 

good quality but unfortunately they were out of season at the 

time of my visiting the district. An improvement in quality 

is observed when worked on trifoliata stock but the trees are 

unduly dwarfed. The only grapefruit which has proved satis­

factory under our condition1is the Poorman orange or New 

Zealand Grapefruit. 

(I) New Zealand Grapefruit: Poorman Orange. 

This variety was introduced by SirGeorge Grey at Kawau 

its place of origin not having been traced. There are two 

strains recognized:-

(a). A habitaally seedy type, coarse and rough­
skinned. 

(b) Morrison's strain which is a superior type, 

prac t ically seedless, think-skinned and smooth 

textured. 

The tree is a strong, vigorous grower, densely foliaged 

and a prolific cropper (see plate V). The fruit is medium 

sized, a bright yellow colour, juicy and practically seedless. 

The £lesh is tangerine coloured, while the flavour is pleas­

antly sub-acid. It forms anexcellent breakfast fruit and is 

rapidly inc r easing in popularity. 

It is the only grapefruit which can be recommended for 

planting in this country. 

Seaso~; as grapefruit, late July till December. Ih 

some localities or possibly on some stocks the fruit tends 

to dry out and cannot be held on the tree later than September; 

for marmalade the fruit may be picked as early as May. 



PLATE V. A young 3yr. old N.Z. Grapefruit 

tree on citronelle stock bearing over 60 fruit all over 

3½ins. in diameter. This is one of the pedigree 

trees raised for the Auckland Citrus Collllllittee and 

later sold to growers in widely scattered districts 

for testing purp oses. 



(92) 

C. SWEET ORANGES • 

The main varieties of sweet orange which have been 

introduced into New Zealand are Washington Navel, Valencia 

Late, Lue Gim Gong, Jaffa, St. Michael, Ruby Blood, Pine­

apple Golden Nugget, Groverley Navel, Thompson's Improved, 

Hamlin, Navelencia, Parson Brown, Parramatta and Jo~pa. In 

addition two local varieties, Best's seedless and Dacre's 

have been planted to a limited extent. The difficulty which 

confronts the intending planter is to decide on which variety 

to plant : 

In order of numbers the varieties most widely planted 

at the present time are probably Washington Navel, Valencia 

Late, St. Michael and Lue Gim Gong. 

(I) Washington Navel. 

The Washington Navel is one of the most widely planted 

of the citrus varieties and under suitable conditions pro­

duces fruit of almost ideal characteristics. Coit (7:1927) 

says 11 the natural qualities and character of this orange, 

have made it the greatest oommercial orange in the world. 

These thornless trees combine heavy aimd regular yields with 

a high colour of the fruit, a silkiness of texture., and a 

general finish which is almost perfect". Its very perfection 

seem to render it more susceptible to adverse conditions than 

other varieties; it reaches it·s highest pitch of perfection 

in the dry air, bright sum, and cool nights usually char­

acteristic of irrigated areas. Coit (7:1927) stat es that in 

the coastal region of California the skin tends to be somewhat 

thicker with a rough surface and paler colour. It remains 

t o be demonstrated that these are not the conditions oper ating 

in New Zealand or whether the climatic influence can be com­

pensated for by a choice of stock. 

-& See Appendix II for more detailed 
variety. description of each 
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The variety has peen planted in large numbers at Ker i 

Keri and these are now coming into bearing (see Plate VI); 

the result is still problematical, though some of the fruit 

produced has been of excellent quality. 

The tree grows well under New Zealand conditions,though 

it is semi-dwarf in habit, but fruiting appears to be somewhat 

irregular and while the flavour usually leaves little to be 

desired the fruit is frequently somewhat irregular and var­

iable in shape and size. This may be due to poor strain and 

it will be interesting to follow the production from the i m­

proved strains recently imported. 

Under New Zealanfi conditions the fruit is eaily mid­

season ripening from August to early October. 
) 

Californian experience (3I:I929) has shewn selected 

strains of the Washington tyne to be su ~erior to any of the 

numerous other selections such as Thompson's, Groverley, 

Golden Nugget, Buckeye, etc. This may not prove to be so under 

our conditions but is an indication of the caution necessaiy 

in introducing new strains. 

(II) Valencia. 

Like the Washington Navel the Valencia succeeds 

best und er irrigated conditions. During recent years it has 

rivalled the former in importance on the world's markets 

owing to its lateness of season. It has recently been planted 

in large numbers at Keri Keri (see Plate VII) and while the 

trees ar e still young the quality of fruit being produced did 

not impress the writer. The skin was coarse textured and 

poorly coloured wh i le the flavour was rather insiuid; the 

fruit were of good commercial size and may improve in quality 

as the trees increase in size. It s hould be borne in mind 

that the bulk of the plantings at Keri Ke:ri are on citronelle 

stock which is generally cons idered to produce a poor quality 

of fruit during its early yea f 
rs o bearing . The tree un-



PI.A.TE v11. (left) A six 

year olQ Valencia orange tree 

on citronelle stock at Keri 

Keri. Trees of this age are 

now comi ng into bearing, but up 

to Qate the fruit has not been 

of the highest quality. 

LA.Th. Vlll. (ri ght) A 3yr. 

old Lue Gim Gmng on sweet orange 

stock at Warkworth. The Lue 

Gim Gon6 is very similar to the 

Valencia but sowewba.t late r in 

season. 
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doubtedly grows and crops well. 

Season November to January. The best selected strains 

have been imported from California and Australia and planted 

in the Mt. Albert Test Area. 

(III) Lue ~im Gong. 

This variety was introduced to the horticultual world 

in I9I2 by the Glen Saint Mary Nursery Company of Florida. 

A. D. Shamel in a private communication states: 

11My observations here and in Florida have convinced me that 

Valencia Late and Lue ~re one and the same varie t y and that 

Lue, formerly called Lue Gim Gong, is a selected strain of 

the Valencia variety originating from a bud variation . I 

am of the opinion that the fruits of the Lue strain way hang 

on the trees in good condition a little later, perhaps, than 

those of the parent variety, in some instances at least. 

There is no tendency hereor in Florida to substitute the Lue 

for the Valencia variety commercially 11 • Dated 23/5/34. 

Much the same remarks apply to Lue under New Zealand 

conditions as given for Valencia. In the writer's opinion 

apart from the fact ~fits very late season it appears to 

have little to commend it for commercial planting (see Plate 

VIII) . 

Season: owing to the fact that fruit will hang on 

the tree for such a long period it is difficult to define the 

seasoni they could probably be marketed any time from November 

till May but fruit with normal juice content can frequently 

be picked at any season of the year. 

(IV) Jaffa. 

This vaxiety is the one mainly grown for the pro~ 

duction of the Palestine crop and has been p lanted here on a 

small commercial scale. The fruit is seedy, of medium size, 

juicy, of good flavour and fine texture. Tihis variety worked 

on trifoliate stoctk has produced some of the finest quality 

fruit the writer has seED. _grown in this count ry. 



If this same quality can be produced in quantity there is 

no hesitation i n saying that it could command the New 

Zealand market as a mid-se ason orange. 

Season: on sweet orange stock , August, September but 

may be held as late as November on trifoliata stock. Requires 

experiment~tion on different stocks but shows considerable 

promise. 

(V) St. Michael. 

One commercial planting of about I20 trees was visited 

during the· survey (see Plat es IX & X). Some of the trees in 

this orchard are now 4G years old and in some seasons have 

yielded up to 15 bushels of saleable fruit per tree. This 

grower over the last 9 years period has averaged a9proximately 

I0/4 per case, gross, which can be considered quite a payable 

return. 

The fruit is of medium size, well coloured, juicy and 

of good flavour. The skin is slightly thicker than desirable 

and could be smoother in texture; the trees are prolific in 

bearing and fruit at an early age. 

Season: late September to November; has been shioped 

as late as Christmas. 

(VI) Ruby Blood. 

This varie t y has not been widely planted in New 

Zealand but some excellent young trees (9 years) were seen 

· at Gisborne. Hume (I8: 1926) says 11 it has no . superior and 

few equals in quali ty 11 • The trees at Gisborne were bearing 

a heavy crop of uniform fruit and the variety is urobably wort~y 

trial. 
Season: August to September. 

Other varieties which appear worthy of trial are 

Pineapple and Hamlin both largely planted in Florida for the 

mid-season and early markets respectively. 



PLA..TE 1. (left) St. ichael 

sweet orangea in a North Auok-

la:.nd. orchard. These. have prov 

ed. a consistent,ly profitable 

variety but are not recommended 

for future plantings. 

PUTE. X. (right). A 9yr. old 

St.Michael orange tree be6ring 

a heavy crop, estimated at 5 

bushel cases. 
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The trial of various sweet oranges on a variety 

of rootstocks is a matter that should receive immediate 

attention if any attempt is to be made to give reliable 

information to intending planters since the time lag from 

planting citrus to production is so great. The question 

of stock influence on quality should be thoroughly tried 

out at the same time. Such an investigation is fundamental 

to the placing of the sweet orange industry on a sound basis. 

This matter is further discussed in a later chapter. 

D. MANDARIN VARIETIES. -

While at least I7 varieties of mandarin have been 

introduced none of them has been cultivated on a commercial 

scale. In respect of mandarin varieties Hume p asses the 

following comments: 11 the mandarin orange is essentially a 

fancy fruit and as such commands a fancy price in its season, 

but it would be useless to attempt to place it on the same 

plane with the sweet orange as a staple fruit. All the 

members of the group require careful cultivat ion and fertiliz­

ation to secure the best quality. The object of every grower 

should be, not so much to increase the output, as to produce 

a fruit of high quality, else there is no room for the fruit 

on the market. A good mandarin orange is an excellent fruit; 

a poor one is worthless 11 • 

The varieties whi ch appear to warrant experimentation 

in this country are the Satsuma orange or Onshiu mandarin 

of Japan and the Temple orange, a Florida production. 

(I) Satsuma or Onshiu. 

This variety appears to succeed only on trifoliate 

stock. It is a dwarf grower, but bears profuse4y. The 

fruit is variable in size, possibly owing to the large number 

of strains of which Tanaka has described no less than 600. 

Some of the better of these strains such as the Wase might 



(97). 

with advantage be introduced into this country for 

testing purposes. Season: May to July. 

(II) Temple Orange. 

This variety is probably a hybrid between a 

sweet orange and some variety of the mandarin group . 

It has been introduced by H. R. Wright and produces a 

fine quality fruit of characteristic, rich, vinous flavour. 

Season: August to November. 

E. PROPORTION I N WHICH VARIETIES 

ARE ALREADY PLANTED. 

While no comprehensive data are available, such 

orchards as could supply accurate information have been 

analysed in Table XIX. These figures have been analysed 

only when a grower was able to supply definite information 

concerning his whole grove, hence the total number of trees 

considered is small and cannot necessarily be considered 

as being truly pepresentative of the plantings in New Zealand 

as a whole. However, it serves as an indication of the 

probable proportions in which the varieties are already 

planted ( I934). 

Variety: 

Lisbon 

Eureka 

TABLE XIX. 

Shewing proportions in which the main 
Citrus Varieties were planted in groves 
where definite information was available. 

LE M ONS. 

No. Trees: 

3,219 

2,021 

Percentage 
of total 
Lemon Trees: 

Villa franca I29 

56.4 

35.4 

2.3 

2.7 

3.2 

Genoa 153 

Other I 80 

Total Lemons 5,702 IOO.O 
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GRAPEFRUIT. 

New Zealand Grapefruit 

Other Grapefruit 
(Including Omi Kin Kan) 

Total Grapefruit 

S W E E T 

Washington Navel 

Valencia 

Jaffa 

St. Michael 

Ruby Blood 

Navelencia 

Lue G.im Gong 

Other Varieties 

Total Sweet Oranges 

3,274 

460 

3,734 

0 R A N G E S. 

I,343 

993 

94 

I75 

I9 

65 

414 

397 

3,500 

Percentage of total 
Grapefruit Trees: 

88.o 

I2.0 

IOO.O 

Percentage of total 
Sweet Orange Trees: 

38.5 

28.5 

2.7 

5.0 

0.5 
I.8 

II.7 

II.3 

IOO.O 

F. RECOMMENDATIIDNS TO INTENDING PLANTERS. 

We have now in the Dominion practically every citrus 

variety of any repute: having them the question still pre­

sents it self, 11 Which varieties shall I plant 11 ?, and in 

regard to sweet oranges we are still unable to answer the 

question. 

Several growers have been producing sweet oranges 

in a small way commercially for a number of years with some 

degree of success; large plantings have been made in recent 

years at Keri Keri buttlbese are only coming into bearing; 

a number of varieties were included in the Tauranga trials 

but the results were inconclusive and chiefly served to 

show that none of the stionic combinat ions includet in the 
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trial succeeded under Tauranga conditions (not that sweet 

oranges cannot be grown in Tauranga); a number of sweet 

orange varieties on different stocks have been included 

in the Mount Albert Citrus Test Al'ea, but this experiment 

is subject to certain limitations set out elsewhere; in 

short, after a considerable number of years we are still 

not in a position to give any reliable information to in­

tending planters. 

Webber (see page 67) has stressed the necessity for 

a few good types if a uniform quality of fruit, calculated 

to give consumer confidence, is to be produced and we in 

this country would do well to heed the warning. Shamel 

has shewn the folly of multiplication of. strains under 

Californian c'onditions and the necessity for keeping individua 

tree records so that only the high production strains may be 

propagated; strain not variety is the botanical feature that 

is of prime importance and comprehensive experimentation is 

required before we can answer the question that must be asked 

by every intending planter, of sweet oranges. 

The recommendations which it is considered can be 

safely made at the present time are shewn in tabular form in 

Table XX. 
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PART IV. FACTORS AFEEOTING THE LOCATION AND 

ECONOMIC ESTABLISHMENT OF CITRUS 

ORCHARDS. 

CHAPTER X. FACTORS AFFECTING THE LOCATION OF 
CITRUS GROVES. 

Under the heading of present distribution (p.I3) 

the factors affecting localisation of citrus areas in 

New Zealand has been fairly fully discussed. It may be 

advisable at this juncture, however, to review several of 

these factors and their relative importance in the selec­

tion of a site for future plantings. 

Citrus fruits have a great advantage because they 

are not perishable to the same extent as stone fruits, such 

as peaches and plums, and after being removed from the trees 

may be, with ordinary care, kept for a considerable period. 

Their keeping quality has an important bearing on their 

transportation for, with prooer care, they may be shipped to 

any of the worlds great markets. 

The question of location therefore becomes princin­

ally one of relative costs of transport and marketing. The 

points to be chiefly considered are:-

I. Soil. 

Continuity of tract. 
Quality and kind of soil. 
Drainage outlet. 
Freedom from hard pan. 
Freedom from stones. 

2: Climatic Factors. 

Rainfall. 
Prevailing winds. 
Incidence of frosts. 

3. Topography of the Land. 

4. Nearness to Market, and transport facilities. 

5. Proximity to other growers. 

To make the best progress citrus growing probably 
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should be intensive specialisation on small areas devoted 

exclusively to citrus and subsidiary operations. Farms 

should be close together so that growers can have the ut­

most opportunity to learn from one another 1 s experience: 

it is pre-eminently a business requiring co-operation in 

varioµe operations, such as, for instance, spraying, pack­

ing and marketing, and if people are far apart co-operation 

becomes difficult. Also if it is only a secondary source 

of income with a farmer, he is almost certain to get only 

secondary results. 

Such conditions can only be achieved when tracts of 

suitable land of considerable area are available. Un­

fortunately under New Zealand conditions such is not usually 

the case and it is only in isolated districts such as 

Keri Keri, Tauranga, Te Puke and Gisborne, and to a more 

limited extent at Auckland, that such conditions exist. 

The quality of soil suitable for citrus culture has 

been discussed in the previous sectiom (pagel.4-), thechief 

feature required being good drainage. Certain types of 

otherwise suitable soil are, however, rendered expensive 

in establishing an orchard if they are to be rendered 

suitable for citrus owing to the presence of hard pan, or 

on some volcanic soils to the presence of large amounts 

of unweathered rook fragments which render preparation for 

planting expensive. 

Since irrigation is not at present practised in 

citrus groves in New Zealand, a well distributed rainfall 

of over 50 11 per annum is neces sary in order to sustain 

·good growing conditions throughout the year. This is 

rarely a limiting factor, however, under New Zealand con­

ditions. 

Exposure to the prevailing winds is a factor that 

cannot be overlooked and has lent in the past to the local­

isation of plantings in the East Coast fiistricts where the 
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winds are of lower intensity. Were it not for this 

factor there are areas along the West Coast which are 

otherwise suitable for the growth of citrus, but the 

difficulty of providing adequate shelter renders them 

unsuitable (e. g . Waiuku, Kawhia, New Plymouth, etc.) 

The susceptibility of citrus trees to injuryfrom 

frost, and the necessity for a mean average temperature 
0 

of over 55 F. and t he absenc~ of damaging minimum temperature 

decrees that they must be grown principally in the coastal 

regions of the Auckland provincial area. There are cert a in 

favoured locations further South where these conditions 

are fulfilled, but the are as lack continuity and are not 

therefore suitable for wide commercial plantings. Owing 

to the localisation of gravity f:rosts which occur through­

out much of the area, it would be of great assistance to 

intending planters were a systematic survey of frost-free 

areas carried out throughout the citrus belts. This, 

however, p resents numerous difficulties and would be ex­

pensive in both time and . l abour. It is doubtful whether 

under ·t he circumstances,any intensive survey of this kind 

is warranted. 

Care should be taken, however, that in areas 

liable to frosts the grove is situate« on an area elevated 

in respect of the local surroundings, so affording free 

drainage for the cold air. Certain plants such as Bouga 

invillaea Solanum Wenlandii, Tree Tomatoes, Poinsettia or 

Jac aranda are excellent indicators of the severity of 

frosts in the locality. If these show no signs of having 

been killed back, it is fairly certain that a lemon orchard 

in the immediate vicinity would not be injured, except 

perhaps in occasional and exceptional years. 

Since land purchased for planting citrus is 

frequently costly, it is advisable to ensure that as large 

a proportion of it as possible is suitable for planting, 
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otherwise the initial cost may become excessive. Local 

configuration of the land may also give shelter from 

~evailing winds and has a marked influence on the incidence 

of frosts. 

The above factors having been satisfied and other 

things being equal, it is best to locate the grove in 

proximity to either rail or shipping facilities. Trans­

portation by road is expensive and a distance of ten or 

fifteen miles from a shipping point must not be overlooked 

in the preliminary reckoning of expemditure and returns. If 

the grove can be conveniently situated near both rail and 

shipping, so much the better. Competition sometimes has an 

influence on freight rates and services. Proximity to a 

large market so that the lower grade fruit may be sold at 

minimum marketing charges is an added advantage. 
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FACTORS AFEECTING ECONOMIC ESTABLISHMENT 

OF ·CITRUS GROVES. 

A. Introductory. 
B. Initial Preparation of Land. 
O. Provision of Shelter. (i) General 
(II) Kinds of Shelter trees in use. 
(III) Location of belts and planting. 
D. Or~~ring Trees. 
E. Drainage. 
F. Distanfe of spacing trees. 
G. Planting. 
H. General. 

A. INTRODUCTORY. 

The planting of the trees is the actual starting 

of the grove and any reasonable amount of time and care 

taken in the operation is well spent. All the details 

should be carefully attended to and the work preferably 

supervised by the owner himself. The work should be 

planned well in advance and the following factors should 

receive at t ention, -

I. Early preparation of the area.by ploughing and 
sub-soiling the whole area at least twelve months 
prior to date of planting. 

2. After ploughing, plant permanent shelter round the 
boundary of the area. 

3. Plant quick growing temporary shelter inside the 
permanent belt. 

4. Order the trees at least t welve months prior to 
planting. 

5. Plant a cover-crop in the Autumn p receding planting 
and plough in in early August. If the soil needs 
liming, a heavy dres s ing should be made at the time 
of sowing the cover-crop. 

6. At this stage drains should be laid unless the area 
is already exceptionally well drained naturally or 
a resistant tyoe of root crop is being planted. 

7. Having decided on the spacing to be used, lay out 
the are.a by an approved method. 

8. Plant the trees in August; in colder districts 
September may be preferable while in warmer districts 
some growers prefer May. 

9. At the conclusion of planting make a map of the area 
and record details of every tree in the orchard 
record book. 
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IO. If necessary, water any of the trees which 
show signs of wilting during the Summer. 

II. Keep the surface soil stirred throughout the 
Summer to destroy weeds. 

I2. Keep the trunk and stock of the young tree free 
of any water sprouts which may commence to grow. 

13. Plant a cover-crop in the Autumn with at least 
3 cwt. of fertiliser. 

14. Apply approximately 2 lbs. per tree of a good 
mixed fertiliser over a small radius around each 
tree and work into the soil. 

B. INITIAL PREPARATION OF LAND. 

In many cases preparation of the land is inadequate 

and is commenced too late to allow of sufficient time being 

given to permit of the fallowing of the land. The land 

should be ploughed early and preferably sub-soiled at the 

same time care being taken not to bring the subsoil to the 

surface. Sub-soiling is advised particularly in heavy soils 

or soils having a hard pan. Particularly in the case of Keri 

Keri it is felt that sub-soiling may reduce the tendency to 

was .~ing of the soil since it would provide a larger volume 

of soil which would have to reach saturation point before 

washing commenced. In the Tauranga area it is probably not 

essential. The land may be left lying fallow for the Summer 

with an occasional stirring to destroy annual weeds. 

In the Autumn sow a cover-crop, preferably leguminous, 

e.g. Blue Lupins, with at least 3 cwt. of fertiliser, and 

if the soil requires liming, a dressing of at least two tons 

per acre of lime should be given. This crop can then be 

ploughed in in the late Winter prior to the planting of the 

txees. The soil should be thoroughly worked down and levelled 

to remove soil inequalities prior to planting. 

C. PROVISION OF SHELTER FOR ORCHARDS. 

(I) General. 



( 105). 

Many young orchards have been noted where the per­

manent shelter has been planted at the same time as the 

young citrus trees, no provision being made for temporary 

shelter. In many such cases, the young trees are stunted 

and lacking in vigour and occasionally have been blown over 

on an angle by the prevailing wind. Until such time as 

adequate shelter is provided, these trees cannot be expected 

to make satisfactory growth or reach profitable production. 

The detrimental effect of wind on orchards not ad­

e~uately protected by wind breaks has been investigated by 

Blanchard (4:1934). He found that a protected orchard will 

gain two years' growth out of five over .the unprotected one. 

In yield expressed as field boxes the protected trees (oranges 

and lemons) produced 286 field boxes per acre of 80 trees, 

while the unprotected trees produced 43.6 per acre of 90 

trees. Expressed as number of fruits per tree the protected 

trees averaged 288 fruits, the unprotected trees 55 fruits. 

All protected trees exhibited a greater vigour and general 

thriftiness than the unprotected. No data are available in 

this respect for New Zealand.orchards, but observation would 

suggest that results in New Zealand are similar to those 

described by Blanchard for Californian conditions. 

Any time spent therefore in securing shelter prior 

to the planting of the orchard is time well spent. If 

shelter is not available, it is better to plant quick grow-

ing temporary shelter and wait at least twelve months before 

planting the trees in the orchard. If the trees have already 

been purchased, it would be preferable to plant them in nursery 

rows for twelve months rather than set them out in an ex-

_posed locat ion. 

II. Kinds of Shelter Trees in use in New Zealand. 

In Table XXI an analysis of 35 citrus orchards 

visited during the survey is given indicating th t e ype of tree 
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used to provide shelter. It will be noted that in most 

cases more than one variety of shelter tree has been planted, 

and while the data presented cover only a small number of 

orchards, these may be considered as being representative of 

the better protected groves. The totals given in the table 

are probably not an accurate representation of the propor­

tions in which the various species are planted in citrus 

orchards in New Zealand, but they serve as a good indication. 

The most widely grown permanent shelter belt is 

Pinus radiata, and provided that this is topped when it 

reaches a ~eight of approximately 30 feet it forms a very 

satisfactory wind break which grows ran idly, tran_splants 

readily and, if protected from stock, keeps its limbs well 

down to the ground. It succeeds well in any of the citrus 

districts. 

The various species of EucalYPts (see Plate XI)have 

been generally proven unsatisfactory as they nave a tendency 

to grow into bare stems providing little shelter for t he 

first 20 feet in height. This has been satisfactorily 

remedied in some cases by the planting of a lower growing 

hedge such as Hake.a saligna on the inside of the Eucalypts. 

Except for rough areas on the borders of the grove, they 

are nmt, however, recommended for general planting. 

Oupressus Lawsoniana where it succeeds forms an 

ideal hedge, its chief disadvantage being its slowness of 

growth. This can be overcome to a certain extent by cul­

tivation and manuring during the early years of growth, 

and the final r esult compensates for the time and labour 

involved. 

One of the most satisfactory shelter belts is 

that provided by areas of native bush (See Plate XII). 

Several orchards were noticed where this had been conserved 

so as to provide excellent shelter on one or more sides of 

the orchard. 
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PLATE Xl. Eucalypts in use for shelter 

round a young grove of N. Z. Grapefruit at fuange.rei. 



PLATE. Xll. Native bush (totara} giving 

excellent shelter to a young citrus grove. Wherever 

in use, native bush provided some of the most satisfactory 

shelter seen. 
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Other species which have been planted and appear to be 

reasonably satisfactory are Acmena floribunda, Bamboo 

(Bambusa vulgaris), Californian Redwood (Sequoia sempervirens) 

and Lombardy Poplar (f,opulus fastigiata). Acmena floribunda 

and Bamboo appear to be worthy of wider trial. 

Cupressus macrocarpa, while forming a good shelter, is 

not recommended owing to its spreading habit and the fact that 

on certain soil types it appears to be comparatively short~ 

lived; any attempt at trimming makes it unduly expensive of 

maintenance. C. Benthamii is recommended, in preference. 

In addition to these larger shelter trees, a number 

of other smaller growing varieties have been used for cross 

shelter, Barberry and Hakea, saligna being the most popular 

for this purpose. Temporary shelter is best provided by 

Albizzia lopantha. (See Plate XIII). 

III. Location of Belts and Planting. 

Whatever permanent shelter species is selected, good 

s_trong plants should be chosen and planted round the boundary 

of the orchard site subsequent to the inttial ploughing. 

Twenty-two feet inside the permanent belt a temporary shelter 

of Albizzia lopantha should be sown at the same time. The 

first row of citrus trees will then be planted at 20 feet from 

the temporary shelter. This will mean that the first row of 

citrus will be 42 feet from the permanent wind break, and 

while this distance may seem excessive while the trees are 

young, Webber (43: I930) has shown that a wind break of 

EucalyPtus globulus planted 30 feet from citrus trees reduced 

the growth in the first three years by 3r.25% and suggests 

that this very considerable loss is likely to become even 

greater as the trees grow older. I~ is probably therefore 

wsse to leave at least the suggested distance and to place 

a trench or ditch close to the wind break and sufficiently 

deep to cut all surface feeding roots. 



PLATE Xlll. Albizzia lopantha used as a 

temp orary shelter round a young sw eet ora nge grove at 

Keri Keri. Albizzia forms one of the most satisfact-

ory ~uick-growing shelter p lants available. 
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In the planting of shelter belts it is important 

to avoid gaps which may cause fumnelling of the wind; these 

gape may arise either through the presence of gateways~ 

through hollows in the land which render sheltering difficult 

or to a poor take of trees at planting time; proper measures 

should be taken to remedy any of these defects. 

Where frosts axe likely to occur it is sometimes 

necessary to allow a small gap in the wind break at the lowest 

point of the orchard so that the cold air may dfain away. 

Unless this is done a pocket of cold air may collect at the 

lowest point and cause considerable damage. Creating condit­

ions so that thawing will take place more slowly after a frost, 

i.e. by planting a high hedge on the Eastward side may have 

possibilities in minimising frost damage in certs.in districts. 

The result of planting a wind break to stop the Southerly 

drift of cold air in the Tauranga, district appears to give 

somewhat variable results and more data are required before 

it can be recommended. 

D. ORDERING TREES. 

Having decided on the variety of citrus to plant and 

the number of trees required for the area, these should be 

ordered from a reputable nursery-man at least twelve months 

prior to being required. Nothing is gained by leaving the 

purchase until near the time of planting; 11 f ir s t come first 

served" is true in purchasing nursery trees, and he who comes 

first will be best served since the supply of nursery stock 

is frequently inadequate to meet the demand. 

The precautions that should be taken in securing 

selected stock and the type of tree required have already 

been mentioned (page 50). If possible visit the nurEery, 

see the conditions under which the trees are grown, make a 

thorough inspection, choose the trees and become 
personally 
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acquainted with the nurseryman. The directions for shipment 

should be plain and explicit, the method of shipment given, 

the time when shipment is to be made and the address written 

Jegibly. 

E. DRAINAGE. 

In no case where sufficient tile or fascine drains were 

in operation was the incidence of· foot-rot or bark-disease at 

all severe. Under the rough classification adopted theee or­

chards were all classed as 11 Good 11 • If sweet orange stock is 

tm be planted it therefore appears very advisable that prior 

to planting the area should be adequately drained either by 

tiles or by means of Tea tree fascines placed every 60 feet 

and discharging into an open drain along the boundary of the 

orchard. If an impervious layer of clay or hard pan exists in 

the soil, care must be taken that this is not allowed to re-form 

over the drains. It is preferable to fill in above the tiles 

with gravel or cinders while surface soil should be used to 

complete the filling of the drain, the sub-soil removed being 

scattered over the surface of the grove. 

F. DISTANCE OF SPACING IN THE ORCHARD. 

The survey ·revealed that citrus trees in the orchards 

visited were planted at distances varying from I5 X I5 ft. to 

30 x 30 ft. usually on the square system. By fa.r the largest 

proportion of trees were planted 20 x 20 ft. on the square 

system. In the case of lemons, however, a considerable propor­

tion are planted 22 x 22 ft. on the square. These figures are 

shown analysed in Table XXII below. 



T A B L E XXII. 

Shewing the Spacings adopted in Planting of 44 Orchards 
visited; also the Ratio of Bearing to Not-Bearing Trees 

in each class. 

LE M O N T RE E S. 

A. B. Ratio 
Bearing. Not-Bearing. A to B.: 

20' Triangular 350 60 5.8:I 
I~' x I5' on square 200 6 33.I 
I I x I5 1 

" . . .. . . 
I8 1 x I8 1 II 50 • • • • 

20 1 X 20 1 II 5,50I I,285 4.2:I 
22 1 X 22 1 II 555 J1.U. 

5,~i~ 
O.I:I 

22 1 X 24 1 II • • .. 
24' X 24 1 ti I93 2,04I 0.2:I 
3o' X 30 1 II 200 .. . . 

6,849 8,487 0.8:I 

N. z. G R A P E F R U I T T R E E S. 
o. D. Ratio 

Bearing. Not1:Bearing 0 to D. 

20 I Triangular 30 . ' ' . 
I~' x I5 1 on square . . . . .. 
I I X I~' II II 200 . . 
I 8 1 X I I II too .. . . 
20 I X 20' II I,756 89 2.t:I 
22 1 X 22 1 II 240 90 2. : I 
22 1 X 24 1 II . . .. .. 
24 I X 24 1 II 22 85 0.26:r 
30' X 30 1 II . . . . .. 

2,248 I,264 I. 8: I 

Percent age 
Total No.: 

2.7 
I.3 
• • 
0.3 

44.3 
37.8 

t·· .o 
I.3 

99.9 

Percent age 
Total No.: 

0.9 
•• 
5.7 

II.! 
69. 
9.4 . . 
3.0 
. . 

IOO.O 

A.I This figure is unduly large owing to the Keri Keri Group 
plantings falling into this group. Were Keri Keri data 
excluded, this number would be 900 and the corresponding 
r atio 0.6:I. 

An analysis of the data showed that there was a general 
tendency to increase the distance of planting in the case of 

of lemons, but this was not so apparent in the case of N .z. 
Grap~ruit. While the data present ed are not extensive they 

are probably f airly representative of the conditions existing 

in the larger commercial plantings to-day. 
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Many lemon orchards planted at 20' x 20' on the 

square have, on reaching maturity, proved to be so close 

as to render cultivation by means of horses practically 

impossible, while spraying and picking has been found to be 

very difficult. Since the average price of land in New 

Zealand is relatively low while labour costs tend to be high, 

the close spacing of trees even though it may lead to higher 

per acre production does not seem warranted. The data avail­

avle are not sufficiently extensive to make any analysis on 

this point. 

Some growers in the Tauranga area were not in favour 

of wider spacing than 20 1 x 20 1 since they considered that it 

rendered the trees more liable to frost injury, and such is 

probably the case, but if the location has been wisely chosen 

such a factor should not have to be taken into consideration, 

the principal feature being to determine the spacing at which 

maximum production per acre can be achieved with a minimum of 

labour. 

G. PLANTING. 

Detailed information under this heading is given 

in such standard text books as "Hume" (I8: 1926). Care should 

be exercised that the trees are set in the soil at the same 

level as they were in the nursery. Too deep planting may be 

a factor in the incidence of collar-rot and bark-blotch. In 

the warmer districts August is probably the most satisfactory 

month for planting, though some Growers prefer May, but in 

the colder districts September is p~x~aps preferable. One 

to two lbs. of a slow acting fertiliser should be well in­

corporated with the soil at the time of planting. Plate XIV 

shows a young tree well established. 



PLATE XlV. A young tree well established. 

N. Z.Grap efruit on citronelle stock, one yea r from p lanting . 

Note the healthy, vi gorous growth characteristic of trees 

worked on citronella stock. 
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H. GENERAL. 

After the trees have been planted the grove should 

be mapped and the name of each tree, the variety of stock and 

its position should be shown, together with the date of plant­

ing. This map should be an integral part of the Orchard Record 

book ( see page 168 ) 

During the early period ~'lbl. the growth of a grove is 

an excellent ppportunity for building up the soil by the in­

clusion of large a.mounts of organic material. This can be 

achieved at least expense by the use of cover-crops and an 

effort should be made to incorporate by this means as much 

humus as possible in the soil. Leguminous crops are to be 

preferred for this purpose but if for any reason they do not 

succeed in the district they should be replaced by others 

which do, such as oats, mustard or trefoil. When not grow­

ing a cover-crop, during the summer the soil in the orchard 

should be kept frequently surface stirred to prevent the 

growth of weeds, which are the main cause of loss of moisture. 

Some growers seem to be under the impression that 

citrus trees do not require fertilising mtil they commence 

to come into bearing. This idea is entirely fallacious and 

if quick returns are desired from an orchard it must be adequat­

ely fed from the time of planting. In groves so treated and 

well sheltered the survey revealed lemon plantings which at 

three years of age gave an average production of one case per 

tree, while int he same district where fertiliser had been 

stinted many trees of five and six · years of age were still 

not productive. 

Frequently planters make the mistake of attempting 

to_ develop too large an area. In consequence their working 

capital is restricted and the grove suffers from neglect 

during the early years. It would be far wiser where capital 

is limited to develop a sect· f ion o the area first and when 
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this is producing payable crops to proceed with the develop­

ment of the remainder of the area, section by section. Many 

would-be citrus orchardists are doomed to disappointment 

t hrough adopting the former policy. 

Inter-cropping of the young grove is not recommended. 

The policy was largely adopted in the early development of 

the Keri Keri Group Settlement Scheme. (See Plates XV and 

XVI) but few of the growers having had the experience of 

inter-cropping with passion fruit would adopt the system in 

future plantings. Probably were the vines sufficiently fer­

tilised there would be little restriction on the growth of 

citrus, but the difficulty of satisfactory cultivation does 

not jus t ify the increased returns secu:xed. Should the inter­

crop prove a paying one there is always the tendency to allow 

it to remain for a longer period than originally intended to 

the subsequent detriment of the main crop, viz. the citrus. 



PLA.T Il. A young citrus grove at Keri Keri 

inte.rplanted. with passion fruit. The two small rows 

between the citrus and the passion fruit are pea-nuts. 

Photographed. February, 1930. 

PLA.TE.. X:V.1. A second. view a.cross the same plantation 

at Keri Keri . Interplanting has been practically discon-

tinue& owing to the difficulty of intercultivating and. the 

tendency to leave in the temp orary crop to the detriment of 
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PART V. FACTORS AFFECTING ECONOMICAL PRODUCTION. 

CHAPTER XII. . Introductory. 

A. The Sample taken. 
B. Analysis data. 

T~ere are many variable factors affecting production in 

so complex an industry as the production of Ditrus fruits. This 

survey makes no attempt to analyse them all and in many cases the 

analysis made may be open to criticism on technical grounds. The 

data were collected from districts widely separated geographically 

and include a variety of soil and climatic types while the sample 

in many cases is too small for the results to be highly significant. 

However, it is hoped that the analysis made may be helpful in 

shewing the trends within the industry and suggesting lines for 

further investigation. 

A. THE SAMPLE TAKEN·. 

The method of sampling has not been entirely random. In 

the first place many of the growers kept no records of their 

orcharding operations. In other cases the records were simply of 

net cash receipts and expenses. And in the second place an even 

smaller number attempted to analyse such records as they do keep 

with a view to either increasing production or to decreasing costs. 

The question of a satisfactory system of recording is discussed 

at a later point. 

In a number of cases the position was also complicated 

by the fact that the growing of citrus fruits was only a side line 

and the allocation of costs to each department of the farm had not 

been attempted, nor was any data available on which such a sub­

division of costs might be made. While many of these farms fur­

nished useful data i n regard to physical production, they have had 

to be deleted from the section dealing with costs and returns. 
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greatest yield per acre or per tree may be called the "most 

.productive pfactice 11 • 

The second phase of the analysis is concerned with the 

effect which changes in any variable have on the profitableness 

of the enterprise. The practice which results in the greatest 

net returns on the investment may be called the 11 most profitable 

practice". 

As these are two such totally different concepts they re­

quire separate consideration and in the following discussion 

the most productive practice will be considered first and then 

some of the more salient factors affecting the most profitable 

production will be considered. 

A disturbing factor in the analysis of the data has been 

the association of variables, e.g. heavy fertilising was fre­

quently associated with green manuring and clean Summer cul­

tivation. Co-efficients of association have not been determined 
\. 

for the variables considered, but it is probable that the assoc-

iation of what are generally considered to be the better orchard 

practices has sometimes masked the effect of one variable or 

affected the significance of the analysis given. 
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CHAPTER XIII. INFLUENCE OF AGE ON PRODUCTION. 

It became apparent at an early stage in the survey 

that the age of the trees was one of the major factors 

causing differ enc es .in product ion per tree. The position 

is summarised in Table XXIV which shows the age of trees 

I 

I 

and the average production for various groupings for the year 

1934. This data is also shown graphically, Fig. IX. 

Age 
Group: 

3-7 

8-I2 

3-I7 

8-23 

T A B L E XXIV. 

Age of Trees and Production of Lemons. 

Median: No. 
Trees: 

5 3,333 

IO I,I54 

I5 3,46I 

20 I,266 

Prodn. 
Bushel 

C/s. 

2,045 

3,006 

15,302 

8,!98 

Average 
Prodn. 
Per Tree: 

0.6I 

2.605 

4.42 

6.474 

Range of 
Averages 
Within 
Group: 

0-I.O 

I. 6-3. 6 

2.2-6.0 

4.6-7.5 

Correction 
Factor: 

xio.54 

X 2.49 

X I.46 

X I.60 

Such figures being only for one season must be accepted with 

caution but they indicate that there is a progressive increase 

in average production per tree up to the age of 20 years. It 

is probable that were older groves av ailable for analysis the 

increase would continae past this stage but the number of ex­

amples is too smallto warrant safe conclusions. Possibly this 

apparently regular increase is due to the method of grove 

selection; certain it is that many groves have been abandoned 

in the Dast as unprofitable before reaching the age of. 20 

years. However, the data indicate that well-located groves 

may be expected to continue to yield satisfactorily at least 

to 20 years of age if given reasonable care. 



F I G U R E · ll. 

Shewing the Relationship Found Between Age and Yield of Lemon Trees, 1934. 
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Such average yields as given in the table above should 

serve at least as a useful corrective to the somwhat optimis­

tic calculations contained in some Company prosp ectuses. The 

variation in individual group s is not great although in one 

or two outstandingly well managed groves the orchards concern­

ed are giving very high production in comparison with the re­

mainder of the groves in their respective groups. Had the 

selection of orchards contained those somewhat neglected or 

poorly managed, the averages shown would probably have been 

considerably reduced and the figures given must be taken as 

being indicative of production in better than average groves. 

In order that the effect of the other variables 

affecting production might be more apparent, a correction 

was applied to all groves of under 20 ~ears of age so that 

their yi~lds might be comparable with those of mature groves. 

Taking the mature yield as averaging 6.4 bushel cases per 

tree, that of 15 year old trees at 4.4 bushel cases per tree, 

of IO year old trees 2.6 bushel c ases per tree and of 5 year 

old trees as o.6 bushel cases per tree, the yields of the 

orchards included in Table XXIV wer e increased in this ratio 

to their potential yield at maturity. The validity of such 

a correction is op en to question but without applying some 

such correction the effect of the other variables was largely 

masked and any conclusions that could be drawn were liable to 

be due ma.inly to the different ages of groves in various 

groups; therefore in subsequent analysis of production factors 

the yields quoted are 11 corrected 11 to potential yield at 

maturity (20 years). 

A similar relationship between the age of trees 

and yields wa s found -by Vaile (37: 1924) in his survey of 

orchard practices in Southern Ca,lifornia. His data is shown 

summarised in Table XXV. 
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T A B L E XXV. 

Relative Yields of Orchards by Ages when the 35-year Old 
Groves are Considered Full Bearing (After Vaile}. 

~= Relative Yield: 

35 IOO 
30 97 
25 94 
20 92 
I5 89 
IO 60 

It will be noted that under Californian conditions 

trees apparently reach maturity at an earlier age than is 

the case under New Zealand conditions; in consequence the 

increase after the age of I5 years is less rapid than is in­

dicated in Table XXIV. 
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Since the chap ter dealing with the influence of age on 
production was written, coefficients of correlation and 
regression have been determined for the data shewn raph1oal­
ly in Fig. IX and in Table XXIV and in detail in Appendix 
II I. 

Age and yie ld shew a oeitive correlation of 0.737 !0.07~ 
which applying the usual convention of 6 X Er is highly 
significant. Coefficients of regr ssion were also determ-
ined and shewed that one bushel variation in yield (t) was 
accompanied by t_ 1.938yrs. variation in age, while one years 
variation l!) in age was accompanied by± 0.28 bushels 
vsriati0n in yield. 

A "scatter diagram" is given below shewi ng also the 
regression lines derived for x on y and yon x. 

A V--.r.t..RAGE Y r::..LD p.,_.i{ TlIBZ FO.. G~-tOV ~. 
BUSfuLS. 

X 

Sca tter diagram shewing the average yield p er tree 

bushels) of 31 groves visited, p lotted aGainst a 6 e of 

tree s and the regression lines derived from statistical 

analysis of the data . 
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INFLUENCE OF PRUNING ON PRODUCTION. 

A. Analysis of Data collected. 
B. Pruning Orange Trees (I) Overseas 

Experience (II) Recommendations 
for New Zealand conditions. 

C. Lemon Trees. (I) Overseas experience. 
(a) Experimental) (b) Relation to 
Physiological Activity. 
(II) Recommendations for New Zealand 
conditions. 

Of the many factors affecting production of citrus 

fruits none is of more interest to growers than pruning, and 

there is probably none concerning which there is so generally 

a lack of understanding. There is no commonly recognized 

orchard operation concerning which there is less agreement. 

Such a condition has arisen partly owing to the fact that 

no experiments have been conducted in this country to con­

clusiv:ely se_ttle the matter and secondly owing to the fact 

that in many cases growers had had past experience with 

deciduous fruit trees and consider that citrus trees should 

be treated in a similar manner; other growers having read 

or heard o~ the results of experiments conducted overseas 

have formed the opinion that citrus trees require little, if 

any, pruning in order to secure maximum production: in 

consequence there is a wide variety of pruning practices 

adopted throughout the citrus belt. 

A. ANALYSIS OF DATA COLLECTED. 

An attempt was made during the survey to estimate 

the severity of the pruning in various lemon orchards visited 

and these were grouped into five gvoups according to the 

method adopted. 

N -

s = 

L = 

No pruning. 

Crossing branches removed and occasionally 
slightly lifted off ground. 

As above but trees slightly opened centre and 
some pruning of fruit spurs t a Dicki na-
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M = Moderately severe pruning: more op en centr e , 
limbs lifted off ground and trees slightly 
reduced in height. 

P • Pruned on lines of a spur bearing apple-tree; 
centre well opened and trees limited in height. 

It is rather interesting to note that the severity of 

pruning tends to va:ry according to the district, being less 

severe in Tauranga and Keri Keri ane generally more severe in 

the Auckland district. The main contributing factor appears 

to have been the influence exerted by individual growers here 

and there who through observation and experience have develop­

ed rather definite systems. Through long use of the domin­

ating personality of their originator, certain of these have 

become est ablished as standard orchard practice. The lif hter 

pruning practice in Tauranga may, however, be a reflex of 

the somewhat colder conditions experienced. 

T A B L E XXVI. 

Pruning practices adopted in the Various Districts 
and Average Relation Correlated Yield of the Groves 

within each Group . 

- - - - - -- - - - - - - - -
LEMON s. 

No . of Growers in each group according 
to district. 

Relative 
.,-f 

Weighted Average 
•r-4 .. Yield xx . per tree: F--1 Q) 'd ro 

Sever­
ity 
of 
Prun-, ,,...,...,. -x N 

s 

L 

M 

p 

(l) 

1:4 

•r-4 
F--1 
Q) 

1:4 

4 

I 

6 

[I 

F--1 § ro 
Q() r-i 

fi1 ~ 
0 

~ ~ 

2 2 

5 

6 

2 I, 

Q() 

§ .. 
r-i Actual 

F--1 ro Yield a .µ 
0 

E-t E-t 

I 2 6 I00 

3 4 95 

7 I7 l:20 

5 6I 

6 I~9 

!2 38 

x Keri Keri figures excluded. 

xx See Footnote on page ll~-120 

11 corrected 11 for age 
Yield 

I00 I00 

!06 -) 
. ~ II6 

I2I 

79 ;1 

I 99 
II7 



(I2I). 

After correcting production to estimated yield at 

maturity the average relative production of the various group s 

was estimated from the data collected and is shown in Table 

XXVI. This would appear to indicate that the highest product­

ion is secured by light pruning. Such figures must, however, 

be accepted with considerable caution owing to the fact that 

there is a district grouping and the observed difference in 

average yield may be due partly to differences in average 

yield .from district to district. The highest actual production 

recoided in an individual grove was on one of the most severely 

pruned orchards visited. However, it would appear that light 

pruning at least is superior to no pruning at all and would 

suggest that heavy pruning is not conducive to as high product­

ion as light pruning. 

The low figures given for the "moderately severe" 

group are unaccountably low. These groves are all situated 

in the Auckland district on a similar soil type, but do not 

appear to differ materially in other cultural practices from 

numbers of other groves in the locality on the same soil type. 

It is difficult therefore to suggest any reason for the remark~ 

ably low yields indicated. That this is not due to the in­

fluence of the correction factor is shown by the fact that takine 

the actual production these groves have an average of only 2. 4 

bushels per tree. 

The practices observed range from practically no 

pruning whatsoever to pruning on essentially the same lines a s 

practised for a spur-bearing apple tree with all grades of 

inter-mediate severity. Several old mature groves were visited 

where the trees had attained a height of Vj/20 feet and picking 

had become a matter of extreme difficulty. In other oases the 

height of the trees had been severely limited to 8/Io feet. No 

doubt these latter growers restricted production per tree to a 

certain extent, but owing to lower picking 
charges they con-
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sidered their net profit per acre to be higher. 

The question is one urgently requiring experimentation 

and it is pleasing to note that the Department of Agriculture 

have instituted a small scale experiment at Tauranga. The 

results will be watched with considerable interest. 

B. PRUNING ORANGE TREES. 

(I) Overseas Experience. 

A. D. Shamel of the United States Department of Agri­

culture carried out trials of orange pruning over a five-year 

period. The method adopted was to leave a check tree unpruned 

and follow this on the next tree with a certain tyne of pruning 

and on the next with another and so on, some eight types of 

pruning being used. When one set of trees was pruned a second 

set was pruned in the same order and so on, each type of 

pruning thus occurring on a number of trees but scattered in 

the grove so that local soil influences would be equalised. 

In these experiments during the five-year period the unpruned 

trees gave the largest yields and apparently the yields were 

in general heavy or light in accordance with the degree of 

pruning. These results have been duplicated at the Riverside 

Experimental Station. 

Coit (7:!927), however, advocates severe pruning but 

gives no data in support of his contention. Hume (I8: 1926) 

on the other hand does not favour heavy pruning of orange or 

grapefruit trees. He says -

11 In the early years of the young tree's life, sufficient 
attention should be given to make a well balanced 
shapely head. Sometimes it may be wise to take out a 
branch here or to cut one back here and there, but orange 
and grapefruit trees have a way of balancing themselves, 
and it is a mistake to remove branches, seemingly out 
of proportion, when the next flush of growth will do the 
work of making a symmetrical head much better than the 
pruner could have accomplished it. Under normal growth 
conditions, citrus trees will develop shapely beautiful 
heads. It is extremely doubtful whether attemps at 
what might be called formal pruning of commercial citrus 
trees are ever satisfactory. While they will stand much 
abuse in the form of pruning, it is uncertain whether 
these various practices have every brought satisfactory 
results when compared with trees gro . th 

wn in e normal way". 
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(II)Recommendations for New Zealand Conditions. 

Insufficient data are available to analyse yields in 

comparison with pruning methods under New Zealand conditions, 

but on observation it is suggested that the pruning of these 

varieties should be restricted to the removal of sprouts on 

the trunk s and the removal of interfering or crossed branches 

that develop in the head, and little of this is necessary. 

When trees reach bearing age the only pruning required is the 

cutting out of dead wood and diseased or decayem limbs and the 

gradual removal of the lower branches that bend downwards and 

touch the ground. 

C. PRUNING LEMONS. 

(I) Overseas Experience. 

Few records can be found of experiments carried out 

overseas with the definite object of testing the efficacy of 

pruning as a means of increasing quality or production from 

lemon trees. 

Coit (7:r927) says -

"Young lemon trees should be cut back severely from the 
beginning. They should be curbed in their riotious 
growth and forced to increase in size slowly and by the 
addition of the more or less crooked, much branched 
fruiting type of wood". 

On the other hand, Hume (I8:r926) remarks, -

11 The best plan in handling lemon trees is to develop 
a well placed primary branch sJstem and then let the 
trees grow and develop in a normal way. Branches so 
placed as to scar or bruise the fruit, and particularly 
those carrying many thorns, may be removed 11 • 

(a) Experiments overseason. 
Shamel and Pomeroy (32:I933) describe an experiment 

carried out in order to obtain some definite data as a basis 

for the development of lemon tree pruning practice. Alteraate 

trees in a mature block of Eureka lemons were carefully pruned 

in May, t929. Al though all tr·ees were not pruned to the same 

extent, on the whole the p:runin:g could be termed 11 rather severen 

The condition of the trees before pruning was dense with long 

sucker-like branches. Compared with unpruned trees on the 
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same plot, the loss of yield from pruning in the first year 

was 65.7%, the second year 22.6% and third year I5%. On a 

basis of 80 trees per acre the total loss per acre for the 

first season was 4,600 lbs. for th e second season 4,304 lbs. 

for the third season 2,680 lbs. or a total of II,584 lbs. 

There was no appreciable difference in size and quality of 

the fruit from pruned and unpru.ned trees. Whether the pruning 

will ultimately benefit the trees sufficiently to enable them 

to make up the deficit is still to be proved. The authors 

consider that it is obvious fromthis experiment that the 

pruning of lemons on a severe basis should not be undertaken 

without a very careful consideration of all relative con­

ditions,including market prices. 

(b) Relation of Pruning to Physiological Activity. 

Recommendations for the nruning of citrus trees 

in California are given careful consideration by R. W. Hodgson 

in a Bulletin of the University of California Agriculture 

Experiment Station (I7:r923). He states it is a general 

axiom of plant physiology that thpse factors, climatic 

and otherwise, which favour vegetabive growth are in the 

main antagonistic to fruit production. Therefore severe 

Winter pruning of the type which favours a vegetative 

response is usually followed by decreased fruit production. 

On the other hand, it is equally true that those 

conditious which in general act as a check to vegetative 

growth increase the tendency to fruit production; certain 

types of Summer pruning tending to check vegetative growth 

or severe attacks of bark disease,appear to favour fruit 

production. 

Where no outside influence intervene, the 

seasonal fluctuations in equilibrium between these t wo 

opposing sets of factors is reflected in the amount of 

crop harvested. 

Climatic environment 1·n th f e orm of light 
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intensity and duration, temperature and humidity, up to a 

certain degree of intensity appear to encourage vegetative 

growth; beyond that point they appear to become more conducive to 

fruitfulness. 

Nutritional factors are also of prime importance. 

Recent work at Cambridg e has demonstrated the importance of 

leafage on. pastures if maximum production is to be obtained 

and Kraus and Kraybill (2I:I9I8) are helpful in making clear 

the importance and practical considerations with respect to 

nutritive balances existing in plants. 

Assuming that water is present at all times in sufficient 

amounts these investigators have discovered strong evidence that 

the fruit-bearing propensity is most intimately associated with 

the ratio existing in the plant between the amount of carbohy­

drates manufactured and the nitrogenous compounds taken up by 

tae roots. On this basis they have been able to establish four 

general classes into whichmay be grouped the tendency of plants 

towards vegetation and reproduction with respect to carbon­

nitrogen ratio. 

The optimum fruitfulness: 

The optimum condition of fruitfulness of value to the 

orchardist is that in which the nitrogen needs of the plants are 

satisfied and in which a. sufficient surplus of carbohydrates is 

manufactured to occasion the storage of reserve supplies. 

Vegetative Growth: 

It has been shown that where the nitrogen supply is 

ample but the synthesis of carbohydrate materials sufficient 

only to take care of growth needs without providing for the 

accumulation of surplus for storage, vegetative growth occurs, 

accompanied by the production of little or no fruit. 

Nitrogen Starvation. 

Where the nitrogen supply is deficient, even though 

carbohydrate surplusses exist, vegetation and reproduction are 
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both lessened and a condition of disease exists, the 

characteristic symptoms of which are small yellowish 

or grey foliage, slender, short and brittle shoots or 

twigs, and frequently an abundance of under-sized buds 

or flowers of which a very few mature. 

Carbohydrate Starvation: 

Eventhough the nitrogen supply is ample, if the 

supply of carbohydrates is deficient, vegetative tendencies 

are repressed and unfruitfulness results. Plants in this 

condition are generally of weak, anaemic growth with pale 

yellowish foliage and frequently are characterised by total 

failure to produce flowers or fruit. 

A consideration of these principles clearly indicates 

the dangers which accompany severe pruning of healthy, 

vigorously growing trees, since such treatment occasions 

carbohydrate sta~vation. These princinles also serve to 

make clear the cycles through which the tree normally passes 

fro~ the time of planting until decadence occurs. In a 

fertile soil the young tree :finis the nitrogen supuly ample. 

Carbohydrate synthesis -being small, however, on account of 

relatively small leaf area, the result is that the first few 

years of its life are spent in vegetative growth. As carbo­

hydrate manufacture increases with an ever-expanding leaf 

surface, the point is reached ultimately where a surplus 

accumulates and optimum fruitfulness occurs. As the tree 

continues to develop., if the nitrogen supply in the soil is 

not maintained through fertilisation, this element even­

tually becomes deficient and decadance from nitrogen star­

vation occurs. If the nitrogen supply is maintained, however, 

while conditions exist which occasion either a diminution 

in leaf area or a decrease in photosynthetic efficiency., 

carbohydrate starvation occurs and unfruitfulness and decline 

result. 
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It can thus readily be seen why it is that pruning 

during the early yea~s prolongs the period of vegetative 

growth and delays the time when the tree comes into bearing. 

It is also apparent why heavy pruning of trees in .good 

fruit-bearing condition tends to repress fruitfulness and 

induces vegetation. The reason also becomes evident why old 

and deteriorating trees may sometimes be brought back into 

bearing by means of pruning treatment which is of a char~cter 

desif!';ned either to reduce the carbon-nitrogen ratio to the 

point where fruitfulness results or to eliminate tissues of 

devreased photosynthetic efficiency and to substitute there­

fo:renew and more efficient carbohydrate manufacturing leaf 

surface. These considerations also serve to explain the 

well-known response of certain types of decadent trees to 

nitrogen fertilisation. 

But perhaps the most important lesson to be drawn 

from these principles is their application to orchard 

practice in such a manner as to maintain that ratio between 

nitrogen intake and carbohydrate assimilation under which 

optimum fruitfulness occurs. The maintenance of this 

nutritional balance at all times should be the aim of the 

grower, and cultural practices used should be analysed in 

the light of their relation to this balance. 

The position in regard t o pruning overseas is there­

fore in much the same position as in our own country and 

experimentation is urgently necessary in order to give 

growers a lead on this all important point. 

(II) Recommendations for N. Z. Conditions - Lemons. 

From observations made during the survey in the 

better managed citrus groves it becomes fairly apparent 

that a certain amount of pruning is essential to maximum 

production under New Zealand conditions and indications are tha· 

such pruning should be limited in extent. In the early years 
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of growth the object should be to encoura~e a strong framework 

and the development of a strong and vigorous tree with a large 

bearing area which will fruit at as early an age as is consist­

ent with the health of the tree. (See Plate XVII). 

Experience seems to indicate that the accomplishment 

of these objects is secured by a minimum of pruning. The 

leaders should be carefully selected and evenly spaced but 

severe shortening back by Winter pruning is not generally re­

commended. The centre should be kept moderately open to 

facilitate picking and spraying and all branches which cross or 

rub should be entirely removed. Branches sweeping low to the 

ground should not be removed unless they are in the way of cul­

tivation or are actually touching the ground since these may 

constitute a considerable proportion of the early bearing 

surface of the young tree. Further pruning as the tree matures 

will consist esaentially in maintaining a slightly open centre 

to the tree and in removing fruiting spurs as these gradually 

decline in fruitfulness. No particular season appears to be 

most desirable and much of the pruning may be done while picking. 

One of the principle points which the survey disclosed 

was the necessity for periodical repl~cement of the fruiting 

wood by its judicious removal during picking after it had 

passed the stage of usefulness. 

The question of whether trees should be 11 headed 11 to a 

uniform height of appro~imately IO feet in order to facilitate 

picking is a -matter open to argument. There is little doubt 

that this practice reduces the total production of fruit per 

tree unless the trees are widely spaced and have ample room 

to spread laterally, but against this must be placed the 

advanta~e of less costly picking of the fruit and the fact 

that on tall unpruned trees much of the fruit tends to be 

damaged by wind rub and hence is of low grade. 



PLAT& X:Vll. One of the pedigree Lisbon 

lemon trees distributed by the Auckland Citrus Committee 

photogra hed exactly three years after p lanting. 
• 

tree has been pruned moderately sever e ly to secure a 

souncl frame work and ev en spacing of the leaders. 

of age (Aug .1935) over 2 bushel cases of lemons were 

This 

p icked in two spring p ick i ngs f rom this tree. 

stock. 

Ci tron1'lle 
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With high prices for lemons, the extra production and 

higher picking costs might warrant the taller trees, but 

under conditions of low prices the position becomes more pro­

blematical and will depend largely on labour costs for picking. 

A restriction on the ultimate height of mature trees a:ppears 

desirable. 

Particular care should be taken in removing the limbs 

to lower the height of citrus trees or in shortening back 

leaders; wherever possible, the limbs should be removed to a 

lateral so that the flow of sap may be diverted. Unless this 

is done, shortening back usually results in the development 

of a mass of water shoots or suckers which in turn have to be 

thinned and shortened back. 

Experimental work, is, however, required in order to 

place instructional work on a sound basis. At the present time 

th~ instructor is in the position of having only opinions to 

offer to the grower requiring advice; to be of best service 

these opinions should be backed by sound experimental fact. 



CHAPTER XV. 

( 130). 

CULTIVATION IN RELATION TO PRODUCTION. 

A. Analysis of Data Coll ected. 
B. Basic Principles; (I) General 
Discussion (II) A Possible Alternative 
to Cultivation. 

As in the case of pruning, the methods of cultivation 

adopted are rarely based on an exact appreciation of the 

factors involved or the reasons why operations should be per­

formed. 

Coit (7: 1927) gives the reasons for tilling as 

11 (I) improves the physical condition of the soil by loosen­

ing it and extending the rooting .area; (2) aids in saving 

moisture by enlarging the water holding capacity and by 

checking surface evaporation; (3) augments chemical action 

by making inert plant food available, and (4) admits air to 

the soil. This last function of tillage is very important 

because plant roots must g.ave air in order to grow". 

A. ANALYSIS OF DATA COLLECTED. 

The general practice among the growers visited during 

the survey was to cultivate the land early in the Spring and 

to keep the surface cultivated tnoughout the Summer and Autumn 

months. Over the Winter period a cover-crop was frequently 

grown o~ the soil was permitted to uroduce a volunteer weed 

growth which was turned under at the Spring cultivation . 

Table XXVII shows the met hods of cultivation generally 

in vogue in the orchards visited. While uloughing and sub­

sequent cultivation with disc and harrows or spring-tooth 

cultivators is~ill the most popular method of cultivation, 

in some of the lighter soils the plough has been displaced 

by the disc, while a new departure has been the introduction 

of the rotary hoe (Howard) as a means of cultivation. In 

one case a commercial planting was observed where in place 
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of cultivation the grove had been sown down with a 

permanent pasture sward which was kept closely mown 

throughout the season, the only cultivation being a 

circle around each tree reaching to the spread of the 

limbs. 

T A B L E XXVII. 

Methods of Cultivation in Vogue in Lemon 
Orchards in the various districts and average 
relative yields of the different methods. 
No. of groves in each group according to district. 

::: I Weighted relative 
·r-1 CD 
f..t 'O ai •rt ro average Production 
4,) § bO 'O +:> per tree: ::,.:: § 0 

r-1 f.-1 •r-1 '2 ·r-1 ~ f.-1 Q) f..t 
Actual 11 0orrect, f..t 0 g .c: +:> +:> 

(1) 

~ +:> 0 Yield for age ::,.:: 8 0 8 

Plough and cultivate 9 6 3 3 2I IOO IOO 

Discs and cultivate I 2 5 I 8 III I07 

Rotary Hoe I 5 3 9 I38 I28 

No cultivation - - I I 2 

11 No1tincluded in production analysis. 

An analysis of the average yield of groves under these 

systems of cultivation showed that production per tree 

whether based on actual or "corrected" yields was highest 

in the group cultivated by means of the rotary hoe, while 

the difference between discs or ploughing was probably not 

significant. It is doubtful whether these differences be­

tween groups may be taken as being due entirely to the 

method of cultivation practised; it may be due to an assoc­

iation of good management practices in the former group and 

the fact that these growers are, on the whole, the more pro­

gressive of the orchardists visited. 

The average depth of cultivation ranged from 311 to 611 

but in some light soils where cultivation was carried out by 

means of discs there is little doubt that the cultivation 

would in some cases be deeper than mentioned. Most of the 

groves were kept clean of weed growth during the Summer 

I 



P TE XVllle.. A tractor opera tecl "Howard." 

Rotary Hoe working in a Hastings orcharcl. The Type in 

use in most citrus orchard.a is a smaller self-cont~ined 

unit, though the principal of oper a tion is t he same in 

both case s. 
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period, but 30~ could only be classified as "fair" in this 

respect. 

B. BASIC PRINCIPLES. 

(I) General Discussion. 

The whole question of cultivation and its effect on 

the soil has come under review during recent years and many 

of the considerations which were held to justify certain 

operations in the past are now open to discussion. 

To take the points in favour of tilling quoted by Coi 

(7:I927) above, the following points may be mentioned. Si~ce 

cultivation is usually carried out to approximately the same 

depth each year it is somewhat difficult to appreciate how 

such tilling could extend the rooting area since any roots 

which may penetrate the cultivated zone are destroyed in 

subsequent cultivations so that while a layer of loose well 

aerated soil may be formed on the surface of the grove, it 

is open to considerable doubt as to whether this is of any 

appreciable advantage to the trees; while the question of 

admitting air to the soil and to the roots which is consider­

ed . so essential is open to doubt since the roots are 

rigorously excluded from the aerated zone. 

There is little doubt that surface cultivation will 

increase the moisture content of a soil during the summer 

months, but the emphasis has now been shifted from the old 

idea of breaking the capillary rise of water to the des­

truction of weed growth. 

Crowther . ( 8: I934) remarks II The ability of some 

crops to yield well in drought years lead to fantastic views 

on the extent of the capillary rise of water in relatively 

dry soils. It is now being recognized that in dry soils 

plant roots have to go down to the water for it does not 

rise up to them 11 • 
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Cultivation therefore may be as shallow as is con­

sistent with the destruction of weed growth on the surface 

or as may be required to thoroughly incorporate the organic 

matter being turned under from a cover-crop or vo.lunteer 

weed growth. 

Observations by Webber (43: I930) have shown that 

weeds may have an excessive depressing effect on the growth 

of young citrus trees. He found that when young trees of 

uniform size were planted out on an area, parts of which were 

infested with Morning Glory (Convovulus arvensis), those 

free from the weed were after three years growth 26% to 27% 
larger than those on the weed infested areas. In all other 

respects the areas were similarly treated and the fact that 

after three years tree growth may be depressed to this extent 

gives one a more concrete view of the damage actually caused 

by severe weed competition. These observations have been 

confirmed during the survey, particularly in respect of 

Convovulus arvensis and various twitch grasses (Agro Dyron 

repens, Paspalu.m ~igitaria, and Poa Pratensis). 

Continuous deep stirring of the soil during the hot 

Summer weather gradually destroys a soil that nature has 

built up for many years and is wholly destructive in its 

action. Cultivation and soil building are antagonistic 

factors. 6ontinuous cultivation through dry periods seems 

tobe a necessary eiJ:il to conserve the available moisture, 

but when there is sufficient moisture it would seem that 

cultivation should cease for rather extended periods while 

cover-crops are being grown to assist in keeping up the 

soil fertllity. It is doubtful whether with continuous 

deep stirring during the Summer months it is possible to 

maintain the fertility of the soil owing to the rapid des­

truction of soil organic matter which takes place under 

these conditions. 
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Crowther (38: I934) says "The exposure of bare soil, 

either by deliberate fallows or by normal cultivations, in­

evitably accelerates oxidation of soil organic matter. The 

remedy for too rapid mobilisation and loss of nitrogen is to 

leave the land under a grass cover for a period". 

Coit 1 s suggestion of augmenting chemical action by 

making inert plant food available is therefore only too t~ue 

and the danger is that excessive cultivation may render im­

possible the maintenance of a high uniform level of soil 

fertility. It would seem advisable therefore that after an 

initial ploughing or cultivation in the Spring to incorporate 

organic matter, subsequent cultivation should be as shallow 

as is consistent with the destruction of weed growth over the 

Summer months. In this respect the rotary hoe is ideal since 

the depth of cultivation is readily controlled by the operator. 

As soon as the Autumn rains commence, the land should be laid 

down to a suitable cover-crop or permitted to produce a 

volunteer weed growth; the latter practice is, however, subject 

to the disadvantage that cultivation during the Summer period 

requires to be more frequent in order to destroy the large 

numbers of young weed seedlings which germinate, and the 

former practice is much to be preferred. The area surrounding 

the spread of the tree should at all times be kept free of 

weed growth, although it may be lightly cultivated or mulched 

with straw or other material, care being ta.ken to keep the 

mulch at least I2 inches away from the trunk. 

(II) A Possible Alternative to Cultivation. 

The alternative system of no cultivation and the 

sowing down of the orchard to a permanent sward of clover or 

pasture grasses appears, on certain soil types subject to 

11 heavy washing", to be worthy of experimentation. 

The method is being tried out on one commercial 

citrus planting at Tauranga, and while the trees are still 

young ( 4 years) the method appeara to be giving satisfactory 
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results. 

In another instance a grower planted three St. 

Michael orange trees on his lavm in I896 as well as a 

number of trees under orchard conditions. The three 

trees under 11 grass 11 conditions (Plate XVIII) are now 

39 years of age and are bearing heavy crops, an average 

of 15 bushels per tree being picked for the I933 season. 

These trees are remarkably healthy in appearanpe and have 

always been very free of disease, being superior in these 

respects to those growing under orchard conditions. 

Such a method has the following advantages (I) it 

reduces washing of the surface soil to a negligible amountl 

(2) it permits the tree roots to penetrate and feed in the 

surface layer of the soil as well as in the subsoil; (3) 

it conserves the humus supply in the soil; (4) at least in 

light soils it probably permits better aeration of the root 

system than would clean cultivation since the tree roots are 

given entry into the surface layer of the soil which is 

usually of a more granular texture than the subsoil and 

(5) it probably permits of better utilisation of artificial 

fertilisers. The disadvantages of the system would appear 

to be the competition taking place between the grass sward 

and the tree roots for moisture during the dry season of 

the year. This can, however, be reduced to a minimum by 

keeping the sward closely cut wi th a mower throughout the 

year, the clippings being permitted to lie on the award. 

The area covering the spread of the trees should be kept 

lightly cultivated by hand. The method, at any rate, seems 

worthy of experimental trial. 



PLATE XVlll. Tw o St. ichael swee t orange 

tr ee s p lantea in 1896 on a growers lawn . Photograph 

taken 1 ay , 1935 . These trees are bee.ring a crop 

estimated at over 15 bushels pe r tree for the pr e se nt 

sea s on and are in better condition than trees of similar 

age and variety planted un~er orchara conditions. It 

is suggested that this method of culture may be worthy 

of expe rimental trial for citrus under some conditions. 
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GREEN .MANURING. 
CHAPTER XVI. A. Data Collected. 

B. Discussion of Basic Principles. 
O. Overseas Experience. 

A. DATA COLLECTED. 

Of the orchards visited, approximately one-third 

(34%)consistently grew cover-crops during the Winter period, 

their average 11 corrected 11 production per tree being 7 .4 

bushels while that of the remainder was 5.7. While it is 

not safe to conclude from these figures that the difference 

shewn is due entirely to the fact of green manuring, it can 

be stated that green manuring is definitely associated with 

the most productive orchard practices. In many of the older 

groves the trees had become so large that cover-crops had 

become practically impossible. Blue Lui;>ins were the prin­

cipal crop grown, but oats, barley or Lotus hispidus were 

being grown successfully in several cases. 

B. DISCUSSION OF BASIC PRINCIPLES. 

Since under New lealand conditions it is not 

possible to secure adequate supplies of bulky organic 

fertilisers it becomes imperative to renlace the humus 

destroyed by cultivation by the turning-in of adequate 

quantities of vegetable matter in the form of green manure. 

The general reasons given for the growing of cover­

crops (I) their influence in ameliorating soil conditions 

(2) increasing the humus in the soil (3) surface washing is 

prevented and (4) in the case of leguminous crops nitrogen 

is added. 

While the value of cover-crops has been repeatedly 

demonstrated overseas, the reason for their effectiveness is 

still somewhat obscure since evem after prolonged application 

they have little effect in materially increasing the propor­

tion of humus in the so1·1. Thi· · h sis sown in Table XXVIII 
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showing an analysis made of plots at Rothamsted, on the 

Rubidoux trial plots in California :and at Florida Experiment 

Station. 

T A B L E XXVIII. 

Effect of Applying Organic Matter on the 
Organic Carbon content of the Soil. 

- - - - - - - - - - - --
Over No. 

Location: Total Tons of 
Manure: Years: 

Rothamsted 700 50 
II 0 50 

Rubidoux 345 23 
II 0 23 

~lorida Citrus 
Experiment Station 7 Cover-crops 7 

II 0 7 

% Organic 
Carbon in 
Top Soil: 

2.23 
I.It> 

I.39 
.52 

. 7~3-.4 6 

the 

It is apparent that the effect of cover-crops must be 

accounted for in some other way than by the accumulation of or~ 

anic matter in the soil. When organic matter is added to the 

soil, it is repeatedly acted upon by the soil bacteria and de­

composed into simpler substances. Some of these · are washed 

out of the soil, while others serve as sources of plant food 

and it is interesting to note that the final dark-coloured 

portion known as humus possesses a fairly constant ratio of 

total nitrogen to organic carbon of I - IO to I-I2. Any 

disturbances of this carbon-nitrogen ratio is the signal 

for increased bacterial activity until such timeas the ratio 

is returned to 11 normal 11 • When organic materials relatively 

low in nitrogen are mixed with the soil, the carbon is lost 

more rapidly than the nitrogen and decomposition proceeds 

until finally the 11 normal 11 ratio is reached . When enough 

carbon has been lost as carbon dioxide gas to bring the 

carbon-nitrogen ratio of carbon to a certain point, which 

varies somewhat with conditions, the organic matter remaining 
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in the soil is apparently very stable. Owing to this 

relationship or ratio between nitrogen and organic-carbon, 

- the organic matter in the soil under ordinary conditions 

cannot be increased or even maintained unless the nitrogen 

is also increased or maintained. Hence under the usual 

eystem of applying bulky organic material low in nitrogen 

content the increase in humus obtained is relatively small. 

It would appear that this is possibly the reason why 

leguminous crops are preferable to other typ:ee for cover­

crop purposes and have a greater effect in building up the 

humus supply of the soil. 

0. OVERSEAS EXPERIENCE. 

It has been found by oversea& experience that legumes 

fix nitrogen from the air to a marked extent only if avail­

able nitrogen is not present in the soil; the richer the soil 

the less is fixed. The legume crop may therefore not be 

an important factor in adding nij:xogen to the soil in well 

fertilised groves and this may have a distinct bearing upon 

the choice of cover-crops. 

Whatever may be the fundamental interpretation of 

the beneficial effects of cover-crops the fact remains that 

carefully controlled experiments conducted in overseas coun­

tries have fairly conclusively demonstrated that they are 

a valuable aid to maximum citrus production. 

In this respect it is interesting to note the re_sults 

of an experiment carried out by Stokes (33: 1932) and his 

co~workers at the Florida Experiment Station. A number of 

plots were laid out with uniform size citrus trees and the 

plots received uniform treatment except in respect of the 

type of cover-crop grown. At the end of seven years it was 

found that the trees on cover-crop plots were sup:erior tn 

size and yield to those on clean culture plots . The 

difference between the clean culture plots and the plot cover• 

cropped with a legume (Crotalaria striata) are shown graph-
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ically in FigureX, while the difference in yield was even 

more marked. 

In this respect Stokes remarks 11 The top growth 

of the trees was uniform and normal on all the plots for 

the first three years of the experiment. After that time 

the general condition and appearance of the trees on all the 

cover-crops were better than that on clean culture plots. 

At the end of the seventh year many of the trees on the 

clean culture plots were in a very unthrifty condition". 

H.J. Webber (42:r925), speaking of the Rubidoux 

trial plots remarks that 11 the plots receiving stable manure 

and also a leguminous cover-crop during the Winter have given 

regularly the best trees and the best crops", while Surr 

(34:r93r) speaking of the fertiliser expe:riments at the River­

side Station says 11 An outstanding feature of the\trials is 

the effect of the lack of organic matt er upon the condition 

of the trees in the comparatively short time since the ex­

periments were started. In some cases the poor condition of 

the trees was apparent on clean cultivated plots which had 

only been about three years without organic matter. The tree 

condition as a whole was even worse where nitrogen was applied 

without a cover-crop or other source of organic matter tha~ on 

crops receiving neither fertiliser or cover-crop". 

The general recommendation for Californian con­

ditions is that at least half of the nitrogen should be suppliec 

in t~e form of bulky organic materials and that, while these 

cannot satisfactorily be entirely replaced by cover-crops, 

the amount of other organic material required is considerably 

reduced when cover-crops are grown. 

An analysis made by W. P. Kelley indicates that on 

the Rubidoux plots of the Citrus Experiment Station a Winter 

green manure crop and about ten tons of manure p er acre 

annually have just kept the organic content of the soil equal 

to that of virgin soil. The plots so treated have produced 

more fruit than plots which have received thirteen tons of 
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manure without the Winter cover-crop. 

Particularly during the early stages of establishment 

of the young citrus grove, it appears very desirable to use 

every effort to incorporate as much organic matter as possible 

into the soil. It is probably best to employ a rotation of 

varieties for cover-crop purposes since such rotation tends 

to avoid some of the cumulative injury from aphis, mildew 

and other diseases because of the different habits and sus­

ceptibility of the several crops. With mature groves it 

frequently becomes a matter of considerable difficulty to 

secure a successful growth of cover-crops among the trees, 

but the practice should be continued as long as is practicable • 

• 
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CHAPTER XVII. YERTILISING AND ITS EFFECT ON YIELDS. 

A. Analysis on Data Collected; (I) 
Nitrogenous Fertilising (II) Phosnhatic 
Fertilising (III) Potassic Fertilising. 
B. The Tauranga E~periment. 
C. Overseas experience. 
D.General Discussion; (I) Rooting habit 
of citrus in relation to Fertilising 
(II) Downward Movement of Fertiliser in the 
Soil. 
E. Suggested Fertiliser Programme. 
F. Liming. 

The successful orchardists of the citrus industry have 

fully realised the importance of adequate fertilising in order 

to secure high yields, but as was pointed out at an e4rlier 

stage some of the younger plantings are not receiving sufficient 

fertiliser to secure early production . 

The recent trials completed for a five-year period at 

Tauranga have entirely vindicated the opinion that heavy com­

plete fertilising is necessary to secure high yields and these 

results have been confirmed during the survey. 

A. ANALYSIS OF DATA COLLECTED. 

(I) Nitrogenous Fertilising. 

In Table XXIX the amount of nitrogen applied per tree 

in lemon groves visited during the survey is shown in relation 

to the production per tree. 

TABLE XXIX. 
Shewing Amount of Nitrogen applied 
per Tree in Lemon Groves visited in the various dis­

tricts its Relation to Production. 

No. of Growers in group, classed according to Districts. 

Nitrogen applied 
£er Tree - ih lbs. 
Under 0 .50 lbs. ~ 

0.50 - I.49 lbs. 

I ,50 .... 2.5 lbs. 

..... 
k 
(l) 

~ 

..... 
k 
(I) 

~ 

5 

4 

'O al 
§ oO a ,-I k 

...'l4 k (l) 
0 @ .c: 
;j +> 
c:i: 8 0 

- 2 2 

7 3 2 

4 3 

& Not included in analysis of yield. 

,-I 
al 

+> 
0 

8 

9 

I6 

7 

Relative Average 
Production per 
Tree: 

Actual 
Yield 

11 0orrected 11 

for age . 
IOO IOO 

475 I69 

.600 I9I 
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It will be noted that fertilising with nitrogen 

tends to be heaviest in the Auckland district and that the 

production per tree i s in proportion to the amount of nitro­

gen applied as fertiliser. It was felt that possibly the 

above groupings merely segregated the orchards into groups 

according to t heir respective ages since in general the rate 

of fertilising tends to be in proportion to the age of the 

trees. The rate of application of fertiliser was therefoEe 

multiplied by the age correction factor g iven on nage 83 

and the groves were subsequently re-grouped with the results 

shown in Table XXX 

TABLE XXX. 

Shewing Relative Average Production per Tree 
(Lemons) when the amount of Ni trogen applied 
has been 11 Corrected 11 by the "Age Factor". 

Nitrogen applied per 
11 Mature Tree" - lbs.: 

Under 2 .O lbs. 

2.0 lbs. and over 

No. of Growers in 
Group. 

9 

8 

Relative Average 
Production per Tree: 
Actual: "Corrected". 

IOO 

107 

for age 

IOO 

+24 

The results in favour of the application of nitrogenous 

fertiliser are then less markedly in favour of heavy applic­

ations, but still show a considerable increase in production 

for the larger amounts applied. 

Vaile (37:1924) found a marked correlation between pro­

duction and nitrogen applied in his survey of orchard practice1 

in Southern California (see Fig. XI) and the general exper­

ience overseas has been that nitrogen is the principal element 

required in citrus fertilising, little or no result being 

obtained from applications of pho sryhate or potash. Vaile 

concludes that under California conditions it seems probable 

th~t the most productive use of nitrogen for citrus orchards 

has reached somewhere between 300 and 350 lbs. per acre 



• 
rll 

rd 
r-i 
Q) 
.,; 
~ 

a, 
I> .,; 
µ 
a, 

r-i 
(]) 
p:; 

125 

100 

75 

F IGU RE Xl . 

Nitrogen App lied and Relative Yields. 

With Curve of Diminishing Returns, (After Vaile 37 :1924) . 

- - - - - - - - - - --

t+ t h-- t ' t- + ) 

- t- ,-.+-
I I t i I - I I ....,. H- - I . -

' 
0 

-
j -l-... - +- ? ...... ........... 

_,_ -- ~-

_,_,_ 

I i--:-+ --
-+ -+ ---- 0 +... ~--- Htt±::- rt ·~1 ~ -t-- W-H- _,__ 

_,_ -
Avera ge YiAln n-P ti 11 f!rnv P. i::1 

-,-,._ 

-
" +- ,._ 

+- -_,__ 

:t _,_ 
-+ 

l- I 

A 

I -t- I-+ 

' 
.. 

- - - - -,-

-tt 
.... 

-- - ___._~1T- - - _,_ -- --- --i- H- ~ -
- - - - -

100 150 200 250 300 

Nitrogen App lied in Pounds pe r Acre. 

,--t--
+--

I 

r 

t Ii 

II 

Ii 
II 
11 

II 

350 

The circles represent 
avera ge yields for each f erti 1-
iser class. The curve 
repr e s ents the yield to be expe , 
,te d in resp onse to the law of 
diminishing returns, from 
additional applic a tions of 
nitrogen. 



(143). 

annually, i.e. ap~roximately equivalent to 15 cwt. of 

sulphate of ammonia. 

Should such be the case, in New Zealand it appears 

that none of the growers visited have yet reached the limit 

of most urofitable applications in the use of nitrogenous 

fertilisers. While it has been shown that those growers 

applying the largest amounts of nitrogen per tree are also 

securing the greatest production per tree, this is being 

secured only by t he use of increasing amounts of nitrogen 

per bushel of fruit. 

Thus in the three groups considered in Table XXIX t he 

number of pounds of nitrogen applied per bushel ( 11 corrected") 

yields) produced are 0.007, 0.016 and 0.03 respectively, 

while if the actual yield is ta.ken the amounts applied become 

0.03, 0.2 and 0.4 respectively. 

The extent to which it may ~rove profitable to in­

crease production by increasing applications of nitrogen is 

largely a matter of relative prices as between fertiliser coste 

and the value of the added product and no information can be 

derived on this point from the data available . 

Oversea.s experience suggests that a considerable 

proportion of this ~itrogen should be applied in the form of 

bulky organic manures but no experimental work has been done 

in New Zealand to confirm overseas results in respect of the 

type of nitrogenous fertiliser likely to give the most sat~­

factory results. 

(II) Phosphatic fertilising. 

The survey disclosed that while most growers regularly 

applied phosphate very few were entirely satisfied that it 

gave measurable results in terms of production or quality of 

the fruit. 

In Table XXXI the amount of phosuhate applied per 

tree in the lemon groves visited iB tabulated together with 
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its relation to production per tree. 

T A B L E XXXI. 

Amount of Phosphate (P205) applied_per T:ee . 
in Lemon Groves visited in the various districts 
and its Relation to Production per Tree. 

No. of Growers in Group classed according to district. 
- - - - - - - -

•r-1 

61 'O ~ 

~ ! § ~ 
·r-1 ~ ~ Q) 

~ .0 ~ ~ 
Phosphate Applied ~ ~ 8 0 
lbs. P205 per Tree: 

& 
Less I.O lbs. 

I.O - -2.0 lbs. 

Over 2 .0 lbs. 

8 2 4 3 I7 

I 5 3 I IO 

3 3 6 

& Not included in analysis of yield. 

Relative Avera.ge Pro­
duction per Tree. 

Actual: 
Yie l d 

IOO 

103 

130 

11 Corrected 11 

for Age 

IOO 

II2 

II9 

While the loss in production with the application 

of smaller amounts of phosphate does not appear to be so 

serious as is indicated for nitrogen, the indications are 

that the yield is definitely correlated with the rate of 

phosphatic fertilisation and the correlation exists whether 

the actual amount of fertiliser applied be ta.ken or whether 

it is "corrected" by the aoplication of the age factor and 

orchards subsequently re-grouped is shown in Table XXXII. 

T A B L E XXXII. 

Relative Average Production per Tree of Lemons 
when the amount of P2o5 has been "corrected" by 
the "Age Factor". 

P205 applied 
per 11 mature 11 

tree - lbs.: 

Under 2.0 lbs. 

2.0 lbs. and over 

Relative Production 
No . of Growers in Group per Tree: 

8 

9 

.Actual 11 Corrected 11 

Yields 

IOO 

164 

for age 

IOO 

144 
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In either case the group applying 2 lbs. or over of 

phosphoric acid (P2o5) per tree gives a markedly higher 

yield than those applying a smaller amount. 

These results are a gain in line with the experiments 

conducted at Tauranga and this is rather interesting in view 

of the fact that overseas experience has generally indicated 

no response to the application of phosphate. 

Chapman (6: !934) speaking of Californian conditions 

remarks that 11 the use of phosphate, or phosphorus containing 

materials, in nine different field trials for periods of from 

five to twenty years has in no case resulted in significant 

increases in fruit though the phosphate applied definitely 

penetrated into the rooting zone~ Similar results have been 

obtained in all overseas trials which have come to the writer's 

notice. 

Potash: 

The grouping of the lemon groves visited into those 

using potash and those not using potash showed that a prepon­

derance of growers were not applying potash in any form as a 

fertiliser but a grouping of the groves (Table XXXIII) showed 

that t hose using potash had a higher average yield per tree than 

those not using potash, although the difference was less 

significant than in the case of either phosphate or nitrogen. 

Amount . 
Not using 

Using K20 

T A B L E XXXIII. 

Lemon Production per Tree in Relation to 
Rate of Application of K20. 

No. of Growers in Group classed according to 
district. 

K20 

..... 
F-1 
Q) 

~ 

? 

4 

7 

4 

A 

7 

F-1 
Q) 

,cl 
.µ 
0 

3 

I 

~ 
.µ 
0 

E-i 

21 

I9 

Relative Average 
Production per 
Tree: 

Actual 
Yi ld e 

IOO 

I09 

11 Corrected 11 

f or BQ'e . 

IOO 

I08 
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It would appear therefore th at under New Zealand 

conditions a 11 complete 11 fertiliser is required in order to 

secure maximum production, and that in order of importance 

the three fertiliser constituents should be - nitrog en, 

phosphoric acid and potash. The data unfortunately give no 

indicatiop of the form in which these elements should be 

supplied and it is necessary to consider overseas experience 

in this respect. 

B. THE TAURANGA EXPERIMENTS. 

Under the auspices of the Horticulture Division 

(IO: I9J5) a series of manurial experiment al plots w~ laid 

down on 26th. September, I930, in the orchard of Messrs. 

Mayf ield Bros. Bethleham, Tauranga. 

The object 11 was to determine the effect of the following 

treatments upon yield, quality of fruit and tree growth:-

I. No manure. 
2. Superphosphate 6 cwt. 
3. 11 11 11 plus Sulphate of ammoni a 

6 cwt. 

4. " II 

5. JI II 

II II 

II II 

S/a 6 cwt. plus 
S/Potash 4 cwt. 

S/Potash 4 cwt. 

These treatments were replicated six times in the 

form of a "Latin square 11
, with check rows between so allow­

ing of careful statistical analysis of the results. Records 

have also been kept of the p ercentag~s of tree ripe, silver 

and green fruit picked from each treatment, and also the 

grading results. 
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T A B L E XXIV. 

Average Production of Lemons per Tree on 
Fertiliser Trial Plots at Tauranga over the 
5-year period - 26.9.I930 to I8.I2.I934 and 
relative yields. 

Average Relative 

Treatment. 

No Manure 

Sup erpho snh ate 

Superphosphate plus Sulphate cf 
Ammonia. 

Superphosphate plus Sulphate of 
Ammonia plus Sulphate of 
Potash 

Su.perphosnhate plus Sulphate of 
Potash 

Weight of Yields: 
Lemons Pro­
duced: 

647.4 lbs. IOO 

793.9 

895.4 

933.8 

II 

II 

II 

II 

I22 

r38 

I44 

I32 

11 The differences recorded during the first t hree 

yearly periods are not statistically significant but in the 

last period the treatments which included S/A. gave signific­

antly higher yields than other treatments. In the winter of 

I934 the whole block was affected by frotts, the fruit and 

young growth being damaged. Prior to the frosts the trees 

which had received nitrogen had made much better growth than 

those without nitrogen and appeared to be less seriously in­

jured. It seems therefore that the differences in yield in 

the last period may have been accentuated by frost injury 11 • 

11 The trees of the 'NO MANU~' plots are now obviously 

poorer in condit i on (size, density, colour of foliage and 

debilitated lateral growth) t han the balance of the plots com­

prising the experiment. Many of the trees in treatments 2 & 

5 (which ha·ve not received S/ A.) are slightly better in con­

dition than the trees in the 1 NO MANURE' plots but are all 

inferior to the average of the trees in pbts in 3 & 411 • 
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It will be noted from the Table that each fertiliser 

treatment has given a significant i ncrease over the 'no manure' 

plot, the remarkable feature being the marked response to the 

application of superphos~hate and also t o sulphate of potash . 

These are two treatments whico in overseas trials have rarely, 

if ever, given significant increase in yields of crop. 

C. OVERSEAS EXPERIENCE. 

The Rubidoux pl ots at the Riverside Citrus Experiment 

Station, California, are probably one of the oldest establish­

ed fertiliser trials on citrus trees, having been planted in 

April, r907. The experiment consists of 20 plots each plot 

containing six Washington navel' orange trees, six Valencia 

orange trees, six Eurek a lemon trees and six Lisbon lemon 

trees, all of which were p lanted 20 feet apar t in squares 

giving I08 trees to the acre. The various treatments used 

were :-

Nitrate of soda, blood, bone and sulphate of pot r st 
No f ertaliser. 
Dried blood. 
Sulphate of potash. 
St earned bone. 
Stable manure. 
Nitrate of soda, blood, and bone. 
Ni tr ate of soda. 
Muriate of potash. 
Sup erpho spha t e. 
Steamed bone and sulphate of Dotash. 
Superphosphate and blood to equal nitrogen in bone 
plots. 
Stable manure and rock phosnhate. 
Nitrate of soda, blood, superphosphate and 
sulphate of potash. 
Stable manure, rock phosphate and leguminous cover­
crop. 

The yields over the period I9I2 /1920 are shown in 

Table XXXV. 
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T A B L E XXXV. 

Rubidoux Trials. 

Summary of Yi eld·s by Groups of Plots. 
Average Annual Yield per tree in Three­
Year-Periods (After Vaile 36: 1922). 
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Vaile (36:r922) in reviewing the results of the 

Rubidoux plots stated - 11 Under t he conditions of these trials 

there can be no question but that : 

I. Nitrogen is the main limiting plant food 
element. 

2. The use of nitrogen in the form of nitrate 
of soda, and to a less degree in the form 
of dried blood, without the use of bulky 
Organic manure of some sort, is conducive 
to t he development of mottle leaf in citrus 
Following the continued use of liberal 
quantities of these materials under the con­
ditions of the experiment, mottling developed 
to a point where ce~tain of the trees were 
rendered entirely useless from the prdduction 
standpoint. 

3. Plots to which no nitrogen was applied fail­
ed, after a few years, ·to produce any crop 
of consequence. Phosphoric acid and potash, 

without nitrogen, produced no tree or fruit 
· conditions different from those found on the 

unfertilised plots. 

4. Ther e is no clear evidence that phosphoric 
acid or potash, used in · conj.unction with 
nitrogen, has bettered the amount or the 
quality of the yield. 

5. Bulky organic manures ha -re supplied the re­
quired nitrogen and at the same time have 
limited the occurence of mottling as com­
pared with the commercially fertilised plot s . 
This is particularly noticeable with Valen­
ci as and Lisbons for in these varieties the 
manured plots have produced about 50 per 
cent more fruit than the dried blood or com­
plete fertiliser grouns. 

6. Winter green-manure crops, in conjunction with 
the use of stable manure, have given better 
results in increased crop yields and improved 
tr ee conditions than have come from the use 
of stable manure with constant clean cultiv­
ation. 

Later experiments have served to confirm the original 
results achieved on t he Rubidoux plots and the value of bulky 
organic material as a source of nitrogen has been repeatedly 
demonstrated. Webber (42:r925) speaking in reference to the 
Rubidoux plot trials at Riverside remarks "Artificial f ertilis­
ers alone were found to be comparatively useless, while organic 
nitrogenous fertilisers were slight ly better b~t still unsatis­
factory. It was only on the plots to which bulky organic 
fertilisers were applied that the trees have remained bulky and 
produced good crop s of fruit throughout the IS-year period over 
which the trial has been in progress, while the plots receiving 
stable manure and also leguminous cover-crop s during the Winter 
have given regularly the best trees and the best crops". 
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In attempting to apply t h ese results to New Zealand 

conditions it should, however, be appreciated that the de­

composition of organic matter in the soil proceeds much more 

rapidly under the relatively arid conditions of Californi a 

than is the case in New Zealand, and it is possible that the 

necessity for the application of heavy quantities of organic 

matter may not be so urgent in this country as overseas. 

D. GENERAL DISCUSSION. 

(~) Rooting habits of Citrus in Relation to Fertility. 

In discussing the various aspects of fertilising it is 

necessary to consider many aspects of the problem, e.g., it is 

important to know something of the rooting habits of the citrus 

tree, and while this has been investigated under Californian 

conditions, no information is available locally, although such 

a knowledge would be valuable in timing fertiliser applications, 

date of ploughing, transplanting , etc. It is a1so neceEsary to 

have a knowledge of the downwaxd movement of fertilisers after 

their application to the soil since it is possible that much of 

t he phosphate and potash applied may be 11 fixed 11 in the surface 

layer of the soil and not reach the active rooting zone of the 

trees. The method of application also requires study. Should 

the manure be broadc ast over the are a , or should it be sown 

mainly under the spread of the tree, or should t he application 

of fertiliser to this area be avoided? These are all points 

requiring investig ation under local conditions. However, a 

discussion at this point of results overseas may serve to 

direct attention t0 several major factors to be considered. 

Waynick and Walker (38:1930) in a study of the root­

ing habits of citrus trees on sour orange root stock made the 

following observations (I) the growth of roots in the subsoil 

prece~ded the growth in t he upper foot of soil by nearly 28 

days in the Spring (2) in no case did the time of growth of 
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root and top overlap (root growth preceding that of tops) 

until after the F2 11 growth cycle through which the two 

seemed to coincide if the growth cycle is the fourth of a 

season. They fou~d that in general,active root growth prec­

eded top growth by at least three weeks in the Spring and 

give some details of the factors influencing the growth of 

new root fibre on citrus trees. They found also that 90% 

of the active rooting area could be accounted for in the 

upper 22 inches of soil . (this might vary on other root stocks). 

In view of the early development of root growth in the 

Spring, it becomes problematical whether late Spring applic­

ations of fertiliser are ordinarily available in the rooting 

zone by the time growth commences and would suggest that the 

Spring fertiliser application should precede growth of the 

tops by at least a month and also suggests that deep tillage, 

assuming that it is necessaxy, should be done just before the 

active growth cycle so that the replacement of rootlets may 

be more rapid
1
smc~ if the growth cycle of the roots are not 

considered in following such a practice, it may be several 
clamaged. 

months before aAfeeder system is replaced. There are many 

other questions which a more intensive study of root develop­

ment in relation to soil type and root stock might serve to 

elucidate. 

With large trees Waynick (39:1931) suggests that 

as much as 35% to 40% of the rooting area may be under the 

spread of the tree itself. If maximum utilisation of 

fertiliser is to take place, it therefore appears desirable 

~hat the area under the spread of the tree should be liberally 

dressed since this is the area of greatest rooting concen­

tration. The only argument wnich can be raised against this 

method of application is that it induces greater weed growth 

under the trees where hand tillage may be necessaxy. 

(II) Downv. arcdl. ovement of Fertiliser in t he Soil. 
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While nitrates are easily washed down in the 

soil and so quickly reach the rooting zone, in the case 

of phosphate and potash these elements are fixed by the 
of 

soil and by the usual method/surface broadca st will prob-

ably remain in the upper 6 to IO inches of the soil column. 

Waynick (39: I93I) says - 11 I would venture the 

opimion that 75% of the phosphoric acid and pot ash applied 

in citrus groves becomes ineffective for the reason that 

it fails to reach the active rooting zone 11 • 

While this fixation may not be so complete in 

sandy soils (e.g. Tauranga), it is possible that it has 

an important influence on the question of fertilising in 

the Auckland and Keri Keri districts and wouldsuggest 

some other method of application than broadcast. Trials 

are being made whereby these substances are injected into 

the soil in soluble fo r m by means of a "gun", but as yet 

no results of these experiments are to hand . 

There is little question but that repeated applic­

ationsof these fertilisers to a soil will in time accom­

plish their penetration in sufficient quantity into the 

rooting zone but the question of their more efficient 

application is one that requ:bes investigation. It is 
OVG.r 

possible that broadcasting / the soil immediat ely prior 

to the Spring ploughing might be advantageous. 

The use of bulky organic material as a source 

of nitrogen should be followed wherever practicable. In 

the few groves visited where this policy was fo l lowed 

exceptionally favourable tree growth was occurring and 

production was high. 
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E. SUGGESTED FERTILISER PROGRAMME. 

Taking as a basis an application of 2.5 lbs. of 

nitrogen, 2 lbs. of phosphoric acid (PO) and I lb. of 

potash (K O) as presenting a sati sf actiri rate of dressing 
2 

for a mature tree, the following programme suggests itself 

are being suitable, with modification for New Zealand con-

ditions, -

N p 0 K 0 
2 2 

AU@§t Sulphate of ammonia-6 lbs. 
I.2I 

Blood and bone 5 II 0.32 0.57 
Sulphate of potash 2 II I.O 

November 
Sulphate of ammonia3 II .6 

March Blood and bone 6 II .39 • 69 
Sup erphosphate II • 8 

TOTAL 26 lbs. 2.52 2.06 I.O 

The August application should probably be made prior 

to the Spring ploughing and at least one month before the 

commencement of top growth, while the November application 

should be made just prior to flowering. The March applic­

ation should, if possible, precede the Autumn rains, the 

super being sown, in part at least, with a cover-crou. 

Other materials may be substituted in place-of those 

suggested if they serve as a cheaper source of supply of 

the nutrient concerned, e.g. fish manure may replace blood 

and bone. For younger tree s the amounts will be propor­

tionately less, but there seems no valid reason why the 

proportions of the vari ous elements should be materially 

different. 

However, it should be .expressed that every ci true 

grower should consider his farm methods as experimental 

and use system in planning and onerating them so that he 

may observe results and after deducing conclu · 1 sions a ter 
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his management methods accordingly. Such a study amds 

interest to the work, stimulates an intelligent interest 

and makes a successful orchardist. It is not possible for 

any instructor to give detailed recommendations in respect 

of every orchard, no matter how firm may be the experimental 

basis of his advice. 

F. LIMING. 

Approximately 30% of the growers visited during the 

survey had applied lime to their orchards within the last 

three years, but the general policy followed was spasmodic, 

and few growers were definitely sure that they had observed 

beneficial results. However, it appeared fairly certain that 

under Keri Keri conditions heavy liming was essential to 

secure satisfactory utilisation of phosphates. This soil is 

extremely acid (pH~ 4.87), and has a very low lime status 

with the probability that applied phosphates are r_endered 

unavailable to plants by forming insoluble compounds with 

t he iron or aluminium in the soil. To rectify this position 

an initial dressing of at least two tons per acre is prob­

ably necessary, and the lime status should be sustained by 

annual dressi~gs of smaller amounts . T~e position in other 

citrus districts is more problematical, but a carefully 

conducted trial at Tauranga with four replications and check 

rows suggests that liming increases yields . 

The plots were laid down in I930, and have all re­

ceived an annuaidressing of complete fertiliser composed 

of Superpho sphate 6 cwt. ) 
Sulphate of 

6 ) Ammonia II per acre. 
Sulphate of potash 

) 3 II 

The limed plots have received i n addition an application 

of two tons per acre of carbonate of lime applied at the 

commencement of the experiment. Sufficient lime has also 



been applied to ALL plots to rectify the acidifying 

effect of sulphate of ammonia. About I20 lbs. of car­

bonate of lime is required t o rectify the acidity caused 

by an application of one cwt. of ammonia . This has caused 

considerable confusion among growers as to the significance 

of the experiments and it would undoubtedly have been much 

better had some other source of nitrog en been used in the 

experiment so that the use of lime to counteract the 

acidifying effect of sulphate of ammonia would not have 

been necessary. The value of the experiment is not, as 

has been suggested by some growers, destroyed by t he fact 

t hat lime has been applied to the 'no lime' plots. 

Since the commencement of the experiment in 1930, 

the tot al average production of the 20 trees in each 

treatment up to February, I934, is given in !able XXXVI,-

T A B L E XXXVI. 

Effects on Yield of Applying Lime to Lemon 
Trees receiving complete fertilisation 

at Tauranga. 

Yield (avera.Q'e 20 Treen) Relative Yield: 

Unlimed 

Limed 

697.6 

769.0 

IOO. 

IIO. 

It appears from this experiment that one applic­

ation of lime given in 1930 has increased production by 

IO% over a four-year period, but the differences are not 

statistic ally significant. The question of liming is 

therefore still an oDen one. 
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DISEASES OF CHIEF ECONOMIC IMPORTANCE. 

A. Bark Diseases (I) Economic importance 
(II) Contributory Factors and Suggested 
Remedies (III) Treatment. 
B. Citrus Brown Rot. 
C. Verrucosis. 

As in other branches of fruit production, the citrus 

grower. is faced with the necessity of combating various 

fungus diseases which cause damage to the tree and reduce 

production or affect the quality of the fruit produced. 

The number of diseases is not so large as in many other 

groups of fruit, but is of sufficient importanOeto attract 

serious attention. 

Some locations aee conducive to certain diseases 

and should be avoided since it is extremely difficult-to 

overcome fundamental drawbacks of soil, drainage or climate, 

and too frequently these are given little or no consideration 

when selecting a location. 

Many diseases are brought on by negligence or poor 

management, while others are associated with methods of 

cultivation and fertilising. Here as elsewhere the maxim 

holds good "Prevention is better than cure 11 • 

It is not intended at this juncture to discuss the 

life histories or identification of the various diseases 

concerned since these are fully dealt with in many public­

ations. 

A.BARK DISEASES. 

(I) Economic Importance. 

The survey disclosed that a major factor oper­

ating against efficient production was the serious extent 

to which Bark diseases were limiting production and reducing 

the useful life of citrus trees. The influence of age 

on the production of normal citrus trees has been shown in 

Table XXIV and it is obvious that if trees cannot normally 



be grown to the age of maximum production a tremendous 

economic waste is occurring. Of the 25 full-be~ing (over 

ten years) orchards included in the survey, 52% were more 

or less seriously affected with Bark disease~ In some cases 

orchards of only five years of age were noticed severely 

affected and the cumulative loss occurring from this source 

must be considerable. 

(II) Contributory Factors and Suggested Remedis. 

The contributory factors appear to be (I) injury of 

the crown roots or stem by tillage implements or<perators 

during cultivation operations or p~cking. The practice of 

using nailed boots when picking citrus fruits should be dis­

couraged since· abrasions caused to the bark permit entry of 

the causitive organisms. It is frequently recommemed 

overseas to paint the trunk of the tree with Brodeaux paste 

in order to minimise the danger of infection, and this metho< 

might be tried under New Zealand conditions. (2) the piling 

of rubbish for mulching purnoses or of organic manures about 

the trunks of trees is strongly condemned. When a mulch is 

placed round a tree, it should be kept at least I2 11 to I5" 

distant from the trunk. The moist conditions which ensue 

with banking of material about the trunk cause softening of 

the bark and render conditions suitable for the entry of 

fungus. (3) Stria::t attention should be paid : to drainage so 

that no stagnant water is allowed among the trees. The 

water t able should never rise above 30 11 below the soil 

surface. Even temporary water-logging such as may occur 

during heavy rain may cause difficulties in this respect. 

(4) When ordering trees from the nursery, specify that they 

shall be budded at least nine inches above the ground. This 

reduces the danger of infection at ground level. (5) in 

planting care should be taken to see that the tree is plant-

ed i n the orchard at the same level as it was growing in 
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the nurseJy. On no account should it be planted deeper. 

(6) New plantings should, where nossible, be made on res­

istant root stocks, the order of resistance being approx­

imately as follows : sour orange, Citronelle, Trifoliate 

orange and sweet orange (I8: I926) (7) A great deal of 

the damage caused could be avoided by early treatment and 

it is suggested that growers should carefully inspect all 

trees at least twice a year in order to detect infections 

at an early stage. If promptly treated, trees will . fre­

quently recover. (8) Since the active organisms are in 

most cases favoured by damp conditions, the soil under 

t he spread of the tree should, as far as practicable, 

be kept well-worked so that a layer of loose dry soil is 

maintained on t he surface at all times; this is, of course, 

not po ssible during wet weather but every effort should 

be made to keep the soil well stirred and dry. 

(III) Treatment. 

Although a rumber of causitive organisms are 

responsible for a varie ty of root diseases, the treatment 

is ver y similar in all cases, and will be treated here 

together. The treatment consists in removing as far as 

possible the detrimental conditions to which reference 

has just been made, and particular attention should be 

paid to all facto.rs conducive to the health of the trees. 

The diseased area should be carefully scraped with a 

sharp chisel extending some distance out into the healthy 

bark. Burn the material removed. The scraped area should 

be dressed with a suitable disinfectant and it is prin­

cipally at this point that the main divergence of opinion 

occurs as to the most suitable material to use. The 

following dressings were recommended by growers 

Lime sulphur (full strength) 
Coal tar 
Bordeaux paste 
Corrosive subl· 

imat e Solution (I in 
I,009 ) 
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Stockholm tar 
Red Oxide of iron 

It is not possible from grower experience to state 

that any one of these appears to be more efficient than any 

other. 

After trees have been tre ated, it appears that it may 

be worth while for growers to consider the asvisability of 

11 inarching 11 one or more vigorous young root stocks to sunuort 

the tree while the diseased axea heals over. The method has 

been tried out experimentallyin New Zealand and operated 

successfully - (see Plates XIX and XX). It appears, however, 

that in order to be successful, the II inarch ing 11 must take 
may 

place at an early stage or the top/become debilit ated before 

remedial measures are applied. For full particulars of the 

method of inarching reference should be made to U~S. DEPART­

ment of Agriculture, Bulletin No. I369, or University of 

California, circular No. 273. 

If the injury is extensive and treatment delayed, 

a moderate thinning of the top is probably desirable. This 

should be accomplished by a thinning process r a ther than by 

11 heading 11 • Where the injury is extensive and trees are 

decidedly weak, skeletonising may be necess ary if they are 

t o be saved, but it is questionable wheth er trees in such a 

condition are worth saving , even if possible. It would pro­

bably be quicker to remove the affected tree and replant. 

B. CITRUS BROWN ROT (Phythiacystic citrophthora 

This disease is one of the most prevalent affecting 

citrus i n New Zealand particularly in neglected orchards. 

It attacks all varieties of citrus and was first recognized 

in New Zealand in I9I2. In severe cases it may cause loss 

of the whole crop with defoliation of the tree or it may 

cause gummosis on the trunk and l arger branches. The disease 

can only flourish under damp conditions and fruit bodie s are 

produced only when excessive moisture is present. 
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PI.ATE l. (left). A 
young rootstock successfully 
inarched into a swe e t orange 
tree damaged by foot-rot . 

PLAT~ xx. (rmght) Two 
inarches placed above an area 
of bark damaged by foot-rot. 
This method of combatting 
the ravages of bark diseases 
seems worthy of wider triai 
in New Zealand. 
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Infection t akes place by splashing of spores on to low 

branches or up the trunk of the tree. Fortunately the 

disease is easily controlled by the anplication of Bordeaux 

spray throughout the Winter months. It was at one time re­

commended that all branches should be cut at least one 

meter f rom the ground and that a cover-crop should be grown 

under the trees to prevent splashing, but t he treatment whic: 

appears to be meeting with most success among orchardists 

is that of keeping the area under the tree clean and stirred 

throughout the Winter months and keeping the trees covered. 

with Bordeaux spray (}5:50), the first application eeing 

made in May and a further application in July. Particular 

attention should be paid to covering the under side of the 

leaves and all of the main branche s and trunks to a height 

of at least six feet above ground level. If this is done, it 

is not necessary for the branches to be lifted off the 

the ground. 

C. VERRUOOSIS (Sporotrichum Oitri). 

This disease is fairly widespread throughout the 

orchards visited although in one or t wo isolated localities 

for some reason not apparent it is not sufficiently severe 

to warrant spraying except at irregular intervals. The 

disease aff ects/the leaves, less frequently later a.ls and 

fruit, in the latter case causing large scabbed areas which 

distort the fruit and greatly reduce its commercial value. 

Fruit are affected in the young stage, being most susceptible 

immediately after petal fall. Fortunately contro 1 is com­

paratively easy, prowided a thorough spray programme is 

adhered to. Bordeaux spray should be applied at blossom 

fall of the main crop and again at the Autumn flowering, 

but in cleaning up a heavily infected orchard, more frequent 

spraying may be necessary at the commencement. 

--



(I62). 

The above list of diseases is by no means ex­

haustive but appears to the writer to cover the major 

diseases of economic importance on citrus in the groves 

visited. No attempt. has been made to analyse control 

methods and their relative efficiency etc. since it was 

felt that such fell outside the scope of this survey in 

its present form. 
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INSECT PESTS OF ECONOMIC IMPORTANCE. 

A. Scale Insects. 
B. Black Aphis. 
O. Thrips. 
D. Grasshoppers. 
E. Broer. 
F. Tortrix. 

The injury caused by insect pests may be divided 

into two groups (I) those causing loss of vitality in the 

tree with consequent reduction in its production (2) those 

causing blemishes or disfiguration of the fruit so lower­

ing its grade or rendering it unsaleable. In many cases, 

of course, one insect may be- responsible for injury of 

both types, but it serves as a rough classification. 

A. SCALE INSECTS. 

The chief scale insects of importance attacking 

citrus fruit in New Zealancr are the red scale, the 

black scale and the cottony cushion scale. These insects 

live by sucking the juices of the tree, either on branches 

leaves or fruit and if the infestation is severe they may 

cause general fiebility of the tree. Infestation is ssuall· 

heaviest during warm dry seasons and every effort should 

be made to prevent their spread by early treatment. It 

is contrary to regulation for fruit to be marketed which 

is affected with scale insects and, prior to marketing, 

any fruit so affected must be thoroughly washed to remove 

the scale. This greatly increases the cost of handling. 

and fre quently impairs the keeping quality of the fruit. 

The question of their adequate contTol is therefore one 

of consider~ble importance and rigid inspection of old 

and neglected orchards is necessary to destroy sources 

of infection from which infestations may spread. 



B. BLACK APHIS. 

During warm dry weather young succulent growth is 

frequently attacked by myriads of small black aphids. 

These sap the juices from the young growth causing deform­

ation of the leaves and stunting of the shoots. However, 

they usually disappear with the anproach of cooler weather 

and in many cases no attempt is made to control them, but in 

young groves where it is desirable to build up a strudy frame­

work as rapidly as possible, it is probably wise to spray with 

nicotine sulphate (I:600). 

C. THRIPS. 

Thrips are responsible for a peculiar type of blemish 

found on the surface of many citrus fruits and may damage 

a large proportion of the crop . The scars are smooth brown­

ish or grayish sunken areas and they may be either in streaks, 

blotches or circles. Usually, particularly round the stem 

end of the fruit, such markings frequently result in what 

should otherwise be extra fancy fruit being graded down to 

fancy or choice, and hence their control is of considerable 

importance in securing finest grade fruit. 

D. GRASSHOPPERS OR KATYDIDS. 

These are often responsible for considerable injury 

to citrus trees. The foliage and tender twigs are eaten 

and the young fruit is by no means immune. Pieces are bitten 

out of the side of the young fruit and as it increases in 

size large dep ressed scurfy spots are formed. These render 

the fruit unsaleable or reduce its grade; while some of the 

young fruit drop off when injured. The injury occurring may 

be considerably reduced by keep ing an orchard clean of weed 

growth throughout the Summer months. 
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E. BORER. 

Various species of beetles lay their eggs on 

citrus trees the laJt.vae subsequently boring into the 

limbs or trunks of the tree and occ asionally doing con­

siderable damage by weakening branches so that they break 

under the weight of fruit or are snapped off by wind. In 

healthy, vigorous orchards the pest is rarely serious but 

may cause severe damage in semi-neglected groves. A con­

siderable improvement in the : degree of infestation can 

be achieved by careful attention to orchard eani ta.tion, the 

destruction of all prunings, cutting off limbs in pruning 

so that they will quickly callus over and protecting all 

wounds made with some prepare.ti on such as paint, or graft­

ing wax and tar. 

F. TORTRIX. 

The Tortrix leaf-roller caterpillar or false codlin 

mouth is responsible for considerable annual loss of fruit 

in citrus groves. It causes damage by forming a shelter 

by fastening an adjacent leaf to a fruit and subsequently 

burrowing into the rind of the fruit. The fruit frequently 

gives off a gummy exudation and rip ens p rematurely. In 

some seasons the loss from this cause may be considerable. 
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GENERAL MANAGEMENT FACTORS. 

A. Introductory. 
~- Orchard Records. (I) What Records 

to keep (a) Orchard records (b) 
Accounts.(II) Analysis of Records. 
C. Average Production. 

A. INTRODUCTORY. 

From what has been said in the preceding section, 

it becomes very apparent that as in other branches of indust 

ry, management involves the bringing together of a consider­

able number of factors. Then, too, the object of manage­

ment is to secure the greatest net return on the investment, 

while in the preceding discussion we have considered chiefl) 

the matter- of obtaining the greatest productivity. The 

successful manager is therefore the man who is able to so 

collate his management factors that he secures maximum pro­

duction with maximum efficiency; he must consider his man­

agement policy in the light, not only of the increase in 

production which may accrue,but also in the light of in­

creasing costs and these in turn have to be considered with 

a knowledge of probable prices for the crop to be nroduced. 

The successful citrus orchardist must therefore 

combine technical knowledge in many branches of science 

with.sound business principles and considerable foresight 

and judgment in attempting to shape his policy along 

sound lines, and one of the greatest aids he can secure 

to assist in the analysis of his management meth&ds is 

the adoption of a sound method of farm records . 

B. ORCHARD RECORDS. 

(I) What records to keep. 

If the orchardist is to intelligently control his 

busines s, he must be able to guide his future operations 



in the light of previous experience. I n order that the con­

clusions he reaches may oe reliable , it is essential that 

he shou.ld have an accurate r ecord of the methods adopted 

in the past and for this pur0ose some system of orchard 

records and of orchard costs should be kept in such a form 

that it can be analysed to give the required data. A 

certain proportion of groweis do at the oresent time keep 

recora s, bµt these are :frequently kept in such a way that 

they can provide little assistance to the grower in regard 

to management policy. 

No matter how thorpugh may be the investigations 

conducted a t a central experimental sta ~ion it remalil.ns for 

the individual owner to demonstrate whether these re­

commendations are applicable to his own particular orchard 

arud much s tudy and experimenting must always be done by the 

i ndividual grower at least in the solution of local problems 

It is hopeless to expect the Government investigator to be 

able to tell farmers just what to do in every case; all 

they can hope to do is to give the principles involved in 

a case so far as they are known and the farmer must make 

the application. In order that that application may be made 

on a sound basis, it is essential ths,t the farmer should 

have a record of the presllilt condition and past treatment 

of his grove. 

The features which are desirable in a system of 

orchard records a r .e , -

tr) To ~rovide accurate information in regard to 
past treatment of each individual tree, or at 
least of each individual block of trees 

(II) To provide a written record of operations for 
future guidance. 

( III)To determine ways of increasing profits. 

(IV) To determine the details of farm investment, 
receiots, expenses and net income. 

(V) To analyse marketing conditions and ex penses . 
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(VI) The system must be within the reach of the 
farmer in respect of its complexity and the 
time and labour required to practise it. 
The individual need of data and the individual 
time and ability will determine the extensivenese 
of the records. 

(a) Orchard Records. 

The following system is suggested for growers who are 

wholly dependent upon citrus as a source of farm income, 

but the system is equally appicable as one section of a cost 

accounting system on a 11 mixed 11 farm . The records which 

should be kept are (a) an orchard record book (See Appendix 

IV) preferably of a loose leaf type, which should contain 

a map of the orchard showing the position of each individual 

tree, the position of drains or pipe lines in the orchard, 

shelter belts, sheds, etc. (b) either an individual record 

of each tree showing the stock, variety, date of planti~g 

and particulars as to disease infections, etc., and if 

possible a record of the annual production . If time and 

labour will not permi t such detailed records, then the 

orchard should be divided into blocks of similar type, 

trees and such details should be noted for the individual 

blocks, and (c) a complete record of the orchard ooerations 

performed on each section of the orchard should be recorded 

in chronological order. 

It is the considered opinion of the writer that an 

effort should be made to keep individual tree records if 

growers hope to get maximum efficiency in their orchards. 

A. D. Shamel has shown the tremendous vaxiations which occur 

between trees under Californian conditions and there is no 

reason to believe that even the better class New Zealand 

orchards are any more unfirom. Just i n the same way as 

herd testing has raised the average level of production of 

the New Zealand dairy cow so the writer believes that the 

keeping of individual tree records would mater ially increase 
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the efficiency of every grove and add interest to the work 

and direction to the management policy. There are no doubt 

labour difficulties to be overcome in certain cases, but the 

application of the method appears to present no insurmount­

able difficulties, At least in so far as the selection of 

bud wood for propagation pur .')oses is concerned, it is felt 

to be essential that these buds should have a performance 

record backing and if by no other means it is felt that the 

work should be sponsored and organised with the aid of 
s 

Government assitance, but this is a matter where the growers 

should act co-operatively since they themselves are vitally 

concerned in the production of only the best high producing 

trees. 

If the orchardist so desires the orchard record book 

may include a record of the number of orchard cases p icked 

and a record of their subsequent grading at the curing house 

or any other details in re spectof the c rop , climate, or 

other features about which he ~esires information. 

{b) Ledger Accounts. 

The precise form of ledger account adopted will depend 

largely on the size of the crop being marketed, but it is 

suggested that separate accounts should be kept for each 

variety of fruit marketed and these accounts may be sub­

divided if the fruit is marketed through several different 

channels. It is suggested that a columner led ger account 

such as shown in Appendix IV should be used giving the 

follo wing details - date of despatch, auctioneer to whom 

consigned, number of cases, gross price received, commiss­

ion, freight, car t age, receiving and deltvering, net price 

received. 
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The method adopted by some growers of merely 

recording the net price received from the auctioneer or 

broker is not considered to be satisfactory in so far as 

it fails to take account of several heavy items of expend­

iture and fails to provide information that will permit of 

future choice in the method of marketing . 

At the end of the year each column in the va.rious 

accounts may be totalled and transferred to their respective 

accounts, i.e. General Freight Account will consist of a 

series of totals transferred from the Lemon Account, Sweet 

Orange Account, Grapefruit Account, etc. Such a methodhas 

the added advantage of making an analysis of costs comparat­

ively simple and saves much tiresome analysis of detail. 

A full sample of accounts is shown in .Jppendix IV. 

It should also be noted that the purchase of young 

trees for an extension of planting or the purchase of new 

machinery (not for replacement of existing machinery) are 

not expenses for the current year, but should be charged 

to Capital Account. 

(II) Analysis of Records 

The keeping of records of such a type has little 

significance unless these are analysed to provide inform­

ation to the grower and assist him in securing greater 

profits from the enterprise. The method of keeping ledger 

accounts outlined above appear to provide a system by 

which the material required for analysis is most easily 

obtained and permits of the working out of average costs 

of market ing per case when fruit are marketed through 

variaus channels, while average costs per case and per 

tree for fertiliser spr ays, etc. may be worked out~ 
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A Depreciation Account has been included since 

it has become apparent in the analysis of data that the 

purchse ofmuch expensive machinery for use on a small 

area may make depreciation, even at conservative rates, 

a se- ious charge per tree and it is felt that the inclus­

ion of this account may serve to check unwise expenditure 

on expensive equipmBnt. It is not intended to suggest that 

labour saving devices may not be a profitable investment 

on large areas,but there is little doubt that where the 

area is small they may prove a heavy overhead charge on 

the undertaking. 

In order that the fullest inf orma.tion may be 

available from an analysis of costs and returns, it is 

probably best to make out an analysed Expenses Account and 

Returns Account on a 11 per case 11 basis showing costs and 

returns over a number of years in columner fashion. This 

will give an indication of va.riations occurring from year 

to year and whether any management policy such as, say, 

an increase in the amount of r ertiliser used has been re­

flected in increased production . 

Labour is one of the heaviest ch~ges per case and 

requires c areful management in order that it may not 

assume undue proportions. Making allowance for family labo, 

labour expenses per case on bearing orchards have va.ried 

from I6½~. to well over 3/- per case; while in younger 

groves the costs have been proportionately higher per ca.se 

While the uer tree costs are more constant, the variation 

has still been remarkably wide varying from approximately 

4/- per tree to over 8/- per tree. 

It has not been possible to get accurate analysis 

of the proportion of time spent on productiom and on mar­

keting and labour char ges have therefore been kept as a 

separa.te item, but it appears that efficient labour utilis­

ation is one of the maj f t or ac ors in securing economic 
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production,and it would probably prove illuminating for 

the avera~e grower to work out his labour costs per case 

and per tree making allowance for family labour at a 

standard r e,te ( s ay £IOO per male labour unit per year). 

The criterion of efficient orchard management must 

in the long run be taken on a basis of cost of production 

per buen.e 1 of fruit or net returns per tree or per case. 

This feature will be more fully discussed under theheading 

of 11 Oosts and Returns", but the point it is desired to 

express is t hat the individual orchardist s .c1oul d so analyse 

his expenses and returns th c.t he may consider his manage­

ment policy in the light of past experience and pursue a 

constructive policy in future years. 

C. AVERAGE PRODUCTION. 

The retmrns of the 42 groves used in t I'-e preceding 

analyses and shewn in Table XXIII and i n Appendix IIIare 

analysed in Table XXXV below to shew the ·average production 

per tree and per acre of IOO trees. 

Variety 

T A B L E XXXV. 

Shewing the average production of t he bearing 
trees in the groves included i n the analysis 
of production factors and the proportion of 
bearing to not-bearing trees i n the several 

va..rieties. 

NO. OF TREES PRODUCTION. 
Not per per 

B B earing eari:nr o a s e s T t 1 Bu h 1 tree acre. 

Lemon 7,953 7,575 15,528 31,638 3.98 398 
N. Z .Graj3efrui t 2,056 I,330 3,386 7,332 3.56 356 
Sweet Oranges 968 2,47r 3,439 I,377 I.42 142 

In considering these averages it must be remembered 

that these represent better than avera~e groves and were 

the whole of the bearing trees in the DominiQn to be con­

sidered it is wrobable that the average would be consider­

ably lower than that given above. However, crops v 8..ry 
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considerably from year "Lo yes.r and a series of crops must 

be considered in a.rri ving 2.t any reliable estimate of 

production in the Dominion. 

Mr. O'Brien in his survey of the Grapefruit in­

dustry found an average uroduction per mci.ture tree of 4.5 

bushel cases this being ta.ken over I995 treeic which in I933 

produced 9063 bushels. The annual variation in crop there­

fore appears to be consider,:0.ble and conclusions based on 

one year alone must be accepted with considerable reserve. 

In the averages shewn in Table XXV it is also necess· 

ary to state that a small production occurs from trees 

classed as 11 not bearing 11 and these tend to a small degree 

to swell the average of the_ bearing trees, aince it was 

not possible to separa.te production from the two age 

groups. 



PART VI. 

CHAPTER XXI. 

( I7 4). 

MARKETING THE CROP. 

PREPARATION FOR MARKET. 

A. lemons; (I) Picking (II) Curing 
(III) Grading Regulations (IV) By­
Products. 
B. N. z. Grapefruit (I) General 
(II) Regulations. 
C. Sweet Oranges. 
D.Methods in Use Overseas. (I) Californian 
methods (II) Application to Local Conditions 
E. Suggested Improvements in N. Z. Methods . 

A. LEMONS. 

(I) Packing. 

Lemons being a fruit which is purchased chiefly for 

its acid and juice content, it is not essential that it should 

mature on the tree prior to its use. It is customary to re­

move lemons from the tree when they attain the most satis­

factory size for marketing, i.e. I80/2I6 to the bushel, irres­

pective of whether they have coloured or not. The pickers 

are provided with metal rings of the correct diameter (2} 11 

approximately) and every lemon which fails to pass through 

the ring is removed from the tree during picking,while smaller 

fruit which have become 11 tree ripe 11 without attaining the 

requisite size are also picked. 

Picking is done with the aid of clinners o~ secateurs, 

special types having been designed particularly for this pur­

pose. These usually have blunt ends to the blades and minimise 

the danger of injury to the fruit by contact during picking. 

The fruit is usually removed by a double cut, one to sever 

it from the fruit lateral and the fruit 11 button 11 • It is essen­

tial that this second cut should be made carefully and leave 

no projecting points which m~y cause damage to adjacent fruit 

in the orchard boxes. 

Owing to the necessity for care in handling and 
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for picking fruit of only the correct diameter, lemon 

picking is a slow and expensive process. The number of 

cases which an expert picker can gather in a day depends 

very largely on the amount of fruit on the trees; in the 

Spring when the crop is heavy an expert picker can probably 

gather 20 oases a day but during the Summer period when the 

fruit are more scattered I2 cases per day would be an ex­

cellent result. In isolated oases picking is done by con­

tract at the rate of 5d. to 6d. per case, but such a method 

is likely to be unsatisfactory since it is improbable that 

pickers under this method will take the same care as those 

on day labour. 

One grower adopts the policy of providing each 

picker with a series of numbered labels of which one is 

placed in each case as it is p icked in the orchard. Should 

the p ,icking be unsatisfactory, as indicated by the condition 

of the fruit on arrival at the curing house, it is then 

possible to trace back to the careless workman . Such a 

scheme has much to commend it. 

As a rule, however, growers nick the fruit them­

selves or use permanent labour, the main exception to this 

being the Tauranga district where quite a proportion is done 

by Maoris employed by the day, the usual rate being 3/- to 

4/- per day. It is probably advantageous if the grower can 

do his own picking since this normally results in greater 

attention being pa:i&i to careful handling and a certain 

amount of shortening back and removal of worn out lateral 

growth may be accomplished at the same time. 

Owing to the scattered nature of growers in most 

districts, it has not become feasible to establish picking 

gangs as is the case in California where the packing house 

has a body of pickers who pick for growers at regular 

intervals at standard rates. 
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It is important at this juncture to stress the 

necessity for careful handling and picking at sufficiently 

close intervals to ensure that the size of fruit gathered 

fall within narrow limits. The commercial value of the fruit 

when marketed depends to a considerable extent on its suit­

ability for the retail trade and a premium is secured for 

fruit of the desired size. The grower therefore who picks 

at irregular intervals may have a large part of his fruit 

graded as 11 household 11 or "factory " rather than as "extra 

fancy", and since the average difference in price between 

extra fancy and factory fruit is in the vicinity of 12/-

per c.ase ( 1934), the grower has it in his own hands to con­

siderably increase his marketing returns by careful attention 

to picking. 

After picking, the grower may elect to market his 

fruit himself or be may forward it to one of the curing houses 

(II) Curing. 

Curing consists essentially of a process oI partial 

but controlled dehydration of the rind wi th a consequent in­

crease i n the percentage of juice contained in the fruit while 

the danger of injury during transport is reduced. Under 

ideal conditions, humidity and temperature would be controlled 

so t hat the process could be effected with p recision, but 

under commercial conditions in New Zealand such oontrol is 

not attempted to any marked extent except in so far as 

variations can be secured by closer packing of the trays so 

diminishing air circulation and raising the relative humidity. 

The practices adopted vary somewhat, but consist 

essentially in outline as follows. One the arrival of the 

fruit at the curing house a form is filled in and posted to 

the grower acknowledging ~s receipt, showing number of cases 

etc. (see Appendix V). The fruit is then graded into tree 

riue, green and factoryJ or the factory grade may be taken 
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grades are received is approximately as follows 

SUMMER 

Autumn 

Winter 

Spring 

.aa,.T__;:A;;__.._B __ L __ E ___ ~xxv I • 

Shewing approximate Proportions in which 
Fruit are received at one of the Curing 
Houses during the Season. 

% OF SALEABLE FRUIT. 
Coloured & Green & FA_OTORY: 
Tree-ripe Colour 

50 

60 

40 

60 

50 

40 

60 

40 

each Season. 

I5 
20 

The percentage of factory lemons shown includes 

rough and juice lemons as well as lemons specially grown 

for peel. The main period of supply of factory lemons is 

August, September, October and the lowest period February 

and May , since in these months trees are usually carefully 

picked for good prices and the fruit at this time is slow 

of maturing . During the period June/July, the lemons grow 

slowly and if the weather is frosty they tend to colour 

undersize. 

The tree ripe fruit may be washed in warm water 

in order to clean it, but this practice is variable. Some 

shreds have discontinued the practice of washing prior to 

curing , as they consider that it spreads the spores of 

moulds and causes greater loss during curing. Other shreds 

wash in a solution containing 2½% borax or some other pre­

paration to assist in cleansing and preventing decay. Wash­

ing in a fungicidal solution will not, however, prevent a 

damaged lemon from decaying. After washing
1
the fruit are 

placed on lath trays holding approximately half a bushel 

of fruit. The trays are then stacked and held until the 

curing process is completed. With tree ripe fruit it is not 
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usual to hold for any length of time since the fruit has 

not the keeping qualities of the green or silver lemons. 

The green fruit may be graded according to degree 

of colour and coloured by placing in a gas tight room to 

which a small proportion of ethylene gas is admitted. The 

ethylene has a reducing action on the chloroplasts in the 

lemon rind causing the fruit to colour. The gas may be 

obtained in a pure form in steel cylinders or may be manuf­

actured as required, while in some cases it _is produced by 

incomplete combustion of paraffin in a stove. T"i:1e time 

required for colouring varies somewhat with the condition 

of the fruit, the season, the temperature employed and the 

concentration of gas employed while at Tauranga a 

sweating process is employed. After colouring the fruit 

are washed and treated similarly to the tree riue fruit. 

They are, however, superior in kee~ing quality. 

After curing is completed the fruit may be washed 

again (this varies considerably) graded, sized and packed 

in standard export bushel cases, the II extra f ancy 11 and 

"fancy" grades being wrapped in tissue paper, though this 

is not the usual practice with the lower grades. Fruit 

of larger size than will pack I40 to the bushel case is 

usuall-y graded "factory" while a proportion of small, rough 

and mis-shapen fruit is also graded out and used for the 

manufacture of juices. These fruits are usually treated by 

a separate firm or organisation, but in the case of the 

Tauranga Association a by-product plant has been established 

in connection with the curing shed. The sizes usµally 

packed are I50, I62, I80, I98, 2I6, 234 and 250 per standard 

bushel case, sizing usually being done by hand. 

A considerable shrinkage occurs during the curing 

process. The average shrinkage from well filled bushel cases 

(orchard packed) to cured packed cases is usually in the 

vicinity of 20% to 24%. This shrinkage is made up of three 
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components (I) packing shrinkage probably averages about 

IO%, but will vary according to the tightness of the 

orchard case packed, (2) curing shrinkage due to the actual 

curing process, approximately IO%, (3) decay; probably 3% 

is a fair average, but the loss from this factor is very 

variable depending on care in picking and somewhat with 

maturity of fruit and season of the year. Fruit is rarely 

held for longer than two months or the loss by shrinkage 

becomes too great . When held in expectation of higher 

prices, shrinkage may offset the rise in price unless 

considerable judgment is exercised. Recent experiments 

suggest (35: I934), however, that lemons may be held 

successfully incool store, but the process has not yet 

been widely adopted commercially. 

(III) Grading Regulations. 

Up to the present time there are no regulat ions 

standardising the grading and sizing of lemons for market, 

but a scheme has been worked out' by the Hort iculture 

Division and approved by the growers and it is hoped that 

standardised market grades may become effective in the 

near future. A draft copy of the proposed grades is shown 

in Appendix VI a. 

The chief difficulty under the regulations appears 

to be the determination of the point at which a lemon is 

11 cured 11 • If the regulations are to prove _effective, they 

must be such that an Inspector can determine immediately 

whether or not the package is true to label and conforms 

with the regulations, otherwise their enforcement pre­

sents considerable difficulties. 

In the draft regulations II cured, means any 

variety of lemon of approved size, cut from the tree when 

mature, green, silver or coaoured in appearance, coloured 
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in an approved manner and conditioned until an appropriate 

refinement in thickness of skin shall be obtained 11 • 

This appears to present considerable difficulties in 

its interpretation by an Inspector and it might be advisable 

to consider the adoption of the American method, by which 

the only specification is in respect of juice content. 

The 11 Sunkist 11 regulations (Appendix VI b) specify 

that all lemons packed under that brand II Shall have a minimum 

juice con t ent of 25% by volume, which is approximately the 
+ 

equivalent of 2.75 gallons per packed standard lemon box.+ 

The determination is made as follows Y The volume of a 

representative sample of at least I2 lemons from the packing 

bin, to be measured by water displacement into a graduatea. 

The juice is then extracted by reaming, screened by pressing 

through cheese cloth and its volume measured in the graduate 11 

11 The percent of juice by volume is found simply by dividing 

the juice volume by the fruit volume and multiplying by I00 11 • 

Under the draft regulations appended, it is suggested that 

t he juice content shall be not less than 20% by weight, but 

the method of determination is not specified . 

It seems unwise that the Government Regulations 

should advertise the fact that New Zealand lemons are not 

comparable in juice content with imported lines and it is 

suggested that it would be advisable to alter this rule to 

25% of juice by volume and permit a degree of tolerance, 

which can be stated in the Regulations. 

It is desirable that these regulations for the 

compulsory grading of New Zealand lemons should, when 

gazetted, be as complete as possible and not require immed­

iate alteration, so that although the delay which has occu­

rred may seem unnecessary to some packers, it has nrobably 

been a wise precaution and permitted of their careful . 
T contains approximately 72 lbs . ... 
.11. Gradue.t e: measuring cylinder. 
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consideration prior to publication. Some method of 

standardising grades is essential on the New Zealand 

market and the sooner the industry can place a. standard­

ised product before the public the sooner it will command 

a satisfactory price. 

The position, in the past,has been made more 

difficult by the number of small growers who have marketed 

haphazardly in the Auction Rooms and destroyed the confid­

ence of the buying public . Much of the fruit has been low 

in quality , deficient in juice content and lacking in 

keeping quality, with the consequence thct the prices 

realised for better quality lines have suffered . 

Standardisation is essential to successful marketing of 

any produce on the modern market and lower gra.de fruit 

must be removed from the Auction tables if the industry 

is to be plabed on a sound basis. 

(iv) By-products . 

A considerable proportion of over-size and/or 

badly blemished fruit is annually disposed of to prop­

rietary firms dealing tn the manufacture of lemon by­

products. It has not been possible to estimate accura.tely 

the total amount consumed in this way, but probably not 

less than 25% of the fruit consigned to the curing es­

tablishments eventually find its way into by-products. 

One proprietary firm alone handles I50 tons of lemons 
t per annum for the manufacute of lemon peel and lemon squash. 

In spite of these large amounts supplied by the local tr ade, 

lemon peel is still i mported in brine for manufacture in 

thi s country, laxgely owing to the fact that the New Zealanc 

Growers, through lack of co-operation inmarketing~ are not 

ina position to guarantee a regular supply to these firms. 

The Tauranga Associa.tion have established a By­

Product Plant and during the 1934 seasonprocessed 22,713 

pounds of lemons for peel and rr,628 pounds for juice. 
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B. NEW ZEALAND GRAPE FRUIT • 

(I) General. 

New Zealand Grape Fruit have two main sources of 

As Grape Fruit for dessert purposes; 
For the ma.king of Marmalade . 

They are frequently utilised for marmalade ma.king 

before reaching maturity, since at this stage they are con­

sidered to II j el 11 better, while for dessert purposes they 

should not be utilised until later in the Season, when the 

ratio of soluble solids (Sugar) to acid has increased. This 

is usually subsequent to the month of July and the season 

may extend as late as Christmas. 

Marketing methods in either case are similar, unless 

the fruit is for supply to a Factory. The fruit are picked 

by hand on reaching the desired stage of maturity . In some 

cases the fruit are clipped from the tree with special 

secateurs, but this practice is by no means universal. 

The fruit are placed after picking in field boxes and sub­

saquently conveyed to a convenient shed or Grading Store, 

usually in or near the grove and sized and packed by the 

grower prepara.tory to sending to ma.rket . 

In some cases the grading and packing is done by 

a Central Co-oper~tive or Proprietaxy Shed but this is not 

cone to the same extent as with lemons. 

The total output from the various pack ing organis­

ations is estimated at approximately 7,000 ca.see, which 

would represent a smaller proportion of the total crop 

than in the case of lemons. 

After picking, the fruit is usually sized and in 

the larger organisations may be separated into II extra 

f ancy 11 , 11 fancy 11 and II good"gra,des according to the percen-

tage of blemish etc. on the fruits. 

However,- the total proportion, which is. graded, 

outside of those mentioned above, is u. robably 
very small. 



In some ca.ses, the better grades are wrapDed in tissue 

paper, or they may be marketed without wrapping. 

No proces sing of the fruit is usual in the case 

of GX?,pe Fruit for dessert purposes, but in the case of 

those destined for the marmalade trade; a cert ain propor­

tion of the early pickings are sometimes coloured artific­

ially by the aid of ethylene gas. There is considerable 

variatio.n in the packs used, the pack varying from 55s. to 

IBO to the standard case. The most popular sizes ranging 

from 96 to I26 to the standard bushel. 

(II) Regulations. 

Draft Regulations have been issued covering the 

grading and packing of Grape Fruit for the local market 

(see Appendix VIc) by which it is hoped to standardise the 

p acks and grades and render the fruit more acceptable 

to the retail trade. Such standardisation is overdue and 

should result in a marked improvement in the marketing of 

Grape Fruit in the Auction Rooms. 

C. SWEET ORANGES. 

The marketing of sweet oranges is in all respects 

similar to that used for Grape Fruit. The sizes vary from 

I20, or larger, to 260 to the standard bushel case, while 

grading of the fruit is raxely undertaken. However,with 

increasing supplies from Keri Keri group settlement 

scheme, it will be necessary tn the near future to arrive 

at some understanding in regard to t he grades and sizes 

that are to be made in marketing and draft Regulations 

have been prepared by the Horticulture Division (Appendix 

VId). 

In regard to these draft regulations the 

suggestion is made that size should not enter into a grad­

ing standard which is designed primarily to indicate the 

quality of the fruit, while size is indicated by the count. 



Such a compromise has not been found necessary under 

conditions overseas and its inclusion in our regulations 

is believed to be unnecessary. 

Also the inclusion of a variety of size relationships 

in regard to variety appears as though it may delay the 

adoption of a few good standard varieties of oran~es for 

our New Zealand trade since it appears to give offical 

recognition to a large number of minor varieties. It is 

understood that the Australian authorities have simplified 

their regulations by recognizing only three main grouns of 

sweet oranges; viz. Navels, Valencias and Mediterranean 

$weet. Owing to the small proportion of such varieties 

as Golden Nugget, Groverley Navel, etc. planted in New 

Zealand and the fact that Shamel's bud selection work in 

California suggests that under conditions there most of the 

named bud sports from Washington Navel are inferior in 

one or more respects to the original strain, it seems a 

doubtful policy in a young industry to recognize such 

strains, and it is suggested that the names placed on orange 

cases should be limited to the three selected for use in 

Australia and that the question of size as a determiner of 

grade be deleted. 

D. METHODS IN USE OVERSEAS. 

In many of the larger ex.porting countries , such 

as California, America, Australia and South Africa, much 

attention h as been paid to the processing of all types 

of Citrus fruits prior to sale and expensive machinery has 

been installed in central packing and processing plants to 

ensure uniformity of the product and good keeping quality. 

Our industry here, has, in the past, been too 

scattered and has lacked the requisite organisation for the 

establishment of large central co-o-o erative .curing sheds, 

but if the industry is to be organised to capture a larger 
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part, or the whole, of the local demand, then the better 

presentation of our products t o the public will have to 

receive serious consideration, and it may ?e interesting 

at this point to review the methods in use in California. 

and elsewhere. 

(I) Methods in use in California - oranges. 

The following account of the method of orocessi ng 

for oranges is taken from Pamphlet No. 7 of the Council for 

Scientific and Industrial Research of ~ustralia (27:r928). 

All the fruit is cut and the pickers wear . canvas 

gloves. At all stages the fruit is handled with the utmost 

care. On arrival at the packing house the filled boxes are 

placed on an endless belt, which ca.rrie s them to a washer, 

where the cases are automatically tilted and the fruit 

emptied down an inclined plane into the washing tank. This 

tank contains a series of revolving brushes, over which the 

fruit has to pass. The water has soap powder dissolved in 

it. The fruit then passes from its soaking tank through 

another series of brushes, over which pure water is con­

stantly sp rayed. This completes the wash ing operation. 

The fruit is passed into a tank containing a solution 

of borax and boric acid in the proportion of one part of 

the former and two parts of the latter, in a 4½ to 5 per cent 

solution. The temperature of the solution is maintained at 

95 to IOO degrees F, by means of a gas heater. A slowly 

rotating series of paddles causes the fruit to travel for­

ward and be immersed for t 11e period required , viz . 5 minutes. 

The fruit is then delivered to an ascending platform, at 

the top of which it meets a small spray of water which 

washes off any excess of Borax. The strength of the solution 

is deter,nined by a hydrometer, and the concentration is main­

t ained by the addition of more borax and boric acid as 

required. 
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The fruit is dried by passing it slowly through 

a drier, where air has drawn over it by a series of fans. 

This operation takes I5 minutes. After these operations 

the fruit presents a clean bright appearance, much 

superior to the natural appearance when picked from the 

tree. The skin shows a polish that much enhances the 

value. 

The fruit is then passed to the grading belt where 

girls hand grade for quality. Various belts convey it 

to the sizing machines. 

In the higher grade the oranges are passed through 

electrical marking machines which imprint the name 

11 Sunkist II on each orange. This mark refers to quality only 

and not to the size of the fruit. 

The fruit is sized by machines and subsequently 

packed by girls who are paid 3d. per box for normal sizes 

but 6d. per box for the small sizes (2 to 2½ 11 in diameter). 

To give every girl the same chance the positions are 

changed every half hour so that no girl is handicapped 

by being always on the same size. 

The packers place the full case on a travelling 

belt, where it passes to anautomatic nailer, which nails 

the two ends. A metal strip is nailed over the middle 

of the lid by hand and the case is then loaded directly 

into the railway car or placed in a precooler. 

· In many cases the above procedure has been 

varied somewhat by the adoption of the 11 Brogdex 11 process; 

t uis consists of 2 parts: (I) the Borax or Brogdite 

treatment effected in a somewhat different manner from 

the method previously describ'ed; and (2 ) the pa.raff in 

or Brogdex treatment, whereby the fruit is given an 

exceedingly thin coat of melted or dissolved paraffin 

wax. It is claimed that this restores the natural oil 

removed during the wash and borax operations t , preven i::i 



evaporation, and that it is sufficient to slow down 

the rate of respiration of the fruit but not sufficient 

to close the pores entirely . It also affords protection 

to any cuts on the skin of the Orange. 

More fully the procedure is as follows 

(I} The fruit is first passed through a soaking tank con­

taining a 4 per cent solution of borax. No boric acid 

is used. The temperature is maintained at about II5 degrees 

F. The fruit is completely immersed by a series of slowly 

revolving paddles as described previously, and the time of 

soaking is about 3½ minutes. (2) The fruit is then passed 

to the washer, where it is brushed in another borax solution 

of the same strength, to which soap powder is added when 

necessary. (3) The fruit passes through the drier. 
-

(4) Tne fruit passes under a thin spray or mist of paraffin 

wax supplied from a small electrically heated tank. A 

series of revolving brushes removes excess of paraffin 

so that a thin invisible coating, only, remains. 

( 5) The fruit is carried by time-killing, elevators in 

order that the fruit may dry, to the grading table, after 

which the operations are as previously described~ 

Colouring by Ethylene: the use of ethylene 

is standard practice in a ll American citrus packing houses 

for oranges received too green for ordinary packing and 

for colouring lemons quickly when the market is favourable. 

The managers of the houses, however, are not enthusiastic 

over the process and only use it when it is really necessary. 

They s~ate that the fruit is softened by t he treatment. 

Other exporting countries have copied Californian 

methods and have little to add to that outlined above. 

In regard to the Brltiex treatment,tbis isreceivir.g 

fairly extensive use in California and many overseas 

packing houses and is used for all citrus exported by the 

Jamaica Citrus Producers' Associ ation,who claim (private 
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communication) that it assists the keeping qualities 

and assures against shrinkage of the fruit during 

transit. The machinery for such a proce s s is expensive 

in the initial cost and on the output of most New Zealand 

org•anisations would represent a heavy overhead charge. 

The Brodex Company intimate (27:1928) that they 

are willing to execute a license contract for the use of 

t heir process and equipment on a royalty basis; the 

licensee to pay a royalty or license fee of 5~ cents 

per box, for each U.S . standard box packed or its 

equi val en t . 

The U. S. Standard box for oranges and lemons con­

tains 72 pounds of fruit and the royalty could be figured 

on that basis, if the size of cases used and the weight 

of their contents diff er from the U.S. standard. 

The licensee would be required to pay the cost 

of construction , crating, freight, insurance and duty 

f.o.b. point of shipment, as well as t ne salary and 

expenses of a representative of the company who •would 

go to your country and take charge of the installation 

and f a.miliarize the license-e I s employees with the 

machinery and methods of installation. 

Our smallest type of machine is that which we 

instal in packing houses, having the capacity of 2 

car loads of approximately 925 boxes per day (approx­

imately !600 bushels) and the cost of that equipment 

crated ~but not including freight, insurance, consular 

charges or duty, woul d be approximately 4,650 dollars 

(approximately £I200). The additional equipment necessary 

to complete such a standard packing house unit would 

cost approximately 2875 dollars (approximately £730). 

While prices may have fallen somewhat since I928, it 

appears that including insurance and all other charges, 

the total landed cost of the smaller size unit available 
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would not be less than £2,000. Such a unit, however, 

would be capable of processing the whole of the present 

New Zealand output of sweet oranges and grape fruit in 

under a month. It becomes extremely questionable, th ere-

f ore, whether present types of equipment available can 

be adapted to meet the small output of citrus in New 

Zealand, without undiy increasing marketing costs, and 

serves to stress the point that if New Zealand is to meet 
overseas competition on an eQual basis on the local market, 

attention must be paid to the develonment of central 

co-operative packing and processing plants. This would 

facilitate the time when it may be f easible to introduce 

up-to-date methods of processing, and i s a furth er argument 

for the localisation of the industry, at a point where 

conditions are at an optimum. 

E. SUGGESTED IMPROVEMENTS. 

(I) All fruit should be cut, and not pulled 

from the tree; 
(2) Gloves should be used wherever the fruit is 

handled, whether in picking grading or packing. 

(3) In the case of lemons, greater attention should 

be paid to picking the fruit at the most desirable size fox 

the retail trade, and by judicious management an effort 

should be made to have all fruit come to the desired size, 

either green or silver (not tree rine or coloured). 

(4) Sweet oranges and grape fruit marketed for 

dessert purposes should not be p icked until they are well 

mature. 
(5) Standardised grading and marketing is essential! 

to secure the confidence of the buying public. 

(6) Every effort should be made to remove from 

t ne Auction Rooms poorly graded, low quality fruit; it 

frequently spoils the sale of superior lines and causes 

dissatisfactionamong purchasers. 
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(7) The packing and process ing of citrus fruits 

should, wherever possible, be entrusted to a central 

depot, preferably co-operative in ownership . Where t wo 

or more such organisations may be c atering for one dis­

trict, they mould, if possible, be amalg amated since it 

is only by large scale operations t hat the most up-to-date 

labour saving machinery can be efficiently utilised. 

(8) From overseas exp erience it would appear that 

the Brodex proces s s hould be investigated and, as soon 

as output warrants , should be adopted for all fruit being 

sent to southern markets. 



CHAPTER XXII. SELLING. 

A. Sale by Auction. 
B. Direct trade. (I) To retailers. 
(II) To consumder. 
C. Organised selling. (I) California 
Fruit Growers( Exchange (II) N.Z. 
Fruit Federation ( a ) Objects 
(b) Dominion Marketing Scheme. 
(III) Benefits of Cooperative 
Marketing . 

There are three main channels through which fruit 

are sold subsequent to pack ing and preparing for market : 

(I) Through the fruit and produce Auctioneers. 

(2) By direct trade to fruiterers, grocers, chain stores etc. 

(3) By orders from private individuals - usually case lots. 

It is not possible to give definite figures regarding the 

proporti r ns sold by ea.ch method but the Auction trade un­

doubtedly markets the largest proportion of the fruit sold. 

A. SALE BY AUCTION. 

The biggest single factor that has caused growers 

and shippers to sell fruit at auctions,is the concentration 

of buying power of an entire market at one time upon a single 

commodity, so that through competitive bidding the price 

level is raised to the highest point possible at which the 

buyers believe the commodity will move . Prices are kn0WD. to 

everybody, which not only establishes a definite market 

in the whole surrounding trade territory,but likewise es­

tablishes confidence and encourages the trade to buy. 

At Auction the h ighest price is always paid for the 

best fruit, and brands of good fruit that are sold in a 

market regularly command a premium over unknown brands, 

though unfortunately the presence of large quantities of 

poorly graded, badly sized fruit frequently has a depressing 

effect on the selling price obtained for the better lines. 

The auction is a short cut in a large congested market 

permitting quick and economical distribution of large quan­

tities of perishables, daily with a minimu~n oft 
" urnovi::>1" hu 
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middle-men and a minimum of handling. The fruit could be 

sold by the private sale method in these big markets but 

it costs more money because it requires more salesmen and 

more handling . It takes more time, and most important, it 

is impos sible to concentrate buyin§; power. 

One of the chief weaknesses of the auction system 

in vogue in New Zealand is the duplicating of facilities 

in the establishment of nu~erous small auctions in every 

centre. This to some extent nullifies the concentration 

of buying power; increases handling charges and lowers the 

efficiency of the operating units. A reduction in numbers 

of Auctioneers, even i n t he larger centres, would uroba.bly 

result in lower costs of handling and higher prices. 

B, DIRECT TRADE. 

(I) To Retailers. 

A considerable amount of fruit is disposed of 

by the packing organis ations and by private gor wers in a 
Cl 

direct trade to fruiterers, groj ers,chain stores, e t c. in 

the smaller centres. Tnese are usually i n small lots and 

the extent of t h e practice may be gauged by the f a.ct that 

the Tauranga Association supplied fruit on d i rect order 

to 49 stations throughout the North Island during the last 

3 monthly period of r934. 

A considerable tre.de is also done in the larger 

centres in single case orders direct to the smaller fruiters. 

While this method is expensive fr om the point of view of · 

correspondence charges, it eleiminates the charges associated 

wit h t he auction met hod and is probably a more stable market 

so far as price is concerned, though price is largely 

govenned by the ruling rate for similar lines sold at 

auction. 
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(II) To consumer. 

The direct trade to privat e individuals whereby 

the consumer makes direct contact vi i t h the grow er, has 

been consider ably developed during the last few yeare, 

principally owing to the flat rate cha~ges of the Railway 

Depsrtment on single case lots of fresh New Zealand grown 

fruit being sent for domestic use only. This tr ade is of 

considerable benefit to both parties, since it retrults in 

the consumer obtaining fruit at a much lower price level 

and eliminates the middle-man ' s profit . 

Citrus fruit are not periehable in the ordinary 

sense and can gener ally be sa.fely held for a period up to 

one month wi thout serious loss from decay. They are, there­

fore, unusually suitable for the development of this type 

of trade, since the average family can quite well consume 

one bushel during the period of a month. 

0. ORGANISED SELLING. 

(I) California Fruit Growers 1 Exchange . 

In California the sale of citrus fruits has 

beenundert aken by a Growers' Co-operat_ive organisation, 

known as the California Fruit Growers ' Exchange. The in­

fluence of this organisation on the citrus industry of 

America can scarcely be over-estimated . 11 The production 

has been increased from a 3 million case crop to one of 

24 million and yet this crop is distributed and sold in 

an orderly and satisfactory way, at a selling cost far 

below that ordinarily obtaining. The Exchange has organ­

ised and developed the industry; it ha s standardised the 

packs and ma.de the II Sunkist 11 brand famous. It has ad­

vertised citrus fruits and gr eatly increased the average 

consumption. By united effort it has lowered the freight 
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rates and the cost of growers supplies. It has followed 

and guided the agriculture legislation of the State along 

safe and helpful lines. It has fostered agricultural re­

search and is responsible for the development of a scientific 

knowledge of the industry. It is a great and powerful force 

behind every good movement and ensures stability and con-

fidence in the industry. In no other way could these things 

have been achieved than through co-operative organisation". 

(42:1925). 

(II) N.Z. Fruit Federation. 

(a) Objects. 

If the citrus industry in New Zealand is to develop 

along sound lines, some similar organisation must be built 

up inthis country and an approach to a similar type of or­

ganisation is already in existence in the New Zealand Fruit 

Growers' Federation Ltd., which is incorporated under the 

Industrial and Provident Societies Act, 1908, and its 

Amendments. 

The objects of the Federation are stEted as follows: 

(a) To engage in any business dealing with the fruit in­

dustry or in any enterprise calculated to advertise, extend 

or otherwise advance the interests of those it represents; 

(b) To act in any capacity for the Fruit Control Board, set 

up under the Fruit Control Act, r924; (c) To edit any 

literature relating t~ fruit or fruit diseases; (d) ~o 

carry on any business as merchartts buy and sell anything . 
that may be of use to fruit growers ; (e) To promote, foster 

and protect the fruit industry throughout the Dominion 

and to establish a close~ bond of unity and co-operation 

amongst all those engaged in the production of any kind of 

fruit; (f) The Federation (as repre11rent ing the truit growere 

of the Dominion) receives as revenue, the amount collected 

yearly as orchaxd tax under the Orchard Tax Act, I9I6. 



(b) "Dominion ·ark 11 Scheme. 

As one section of its activities, the Federation 

has attempted to unify and standardise the marketing of 

all kind of fruit on the local market by the inauguration 

of a "Dominion [ark 11 scheme, i.e. a registered brand owned 

by the Federation,which may be affixed by members to fruit 

of II extra fancy" and 11fancy 11 grades, complying with the 

standards set up by the Federation. Grades of fruit lower 

than II extra fancy" or 11 f ancy 11 may not be sold under the 

11 Dominion Mark " brand but are handled by the Federation 

under the packer 's own brand. Every line bearing the 

"Dominion Mark" is inspected by the agent of the Federation 

in the town where the sale takes place and they are assiste· 

in this by the officers of the Department of Agriculture. 

To cover the cost of marketing the Federation charge the 

sum of 2-½ per cent commission, in addition to a charge for 

the label of ½d. cost, and Id. advertising levy. 

The Federation does not attempt in any way to 

replace the fruit auctions, but aims at regulating the 

amounts arriving at eac11 market, in accordance with the 

demand, and hope by a standi;;.r.disation of packs and increas­

ed uniformity of grading to build up a demand for a better 

qmali ty g.rticle at a more uniform price. The response 

to date has been excellent. During 1934 the Federation 

handled approximately 23,500 cases of lemons and 5,000 

cases of New Zealand Grape Fruit. 

In view of the fact that the "Dominion Mark" 

scheme has been in operation only for a very short oeriod, 

this must be considered as a highly satisfactory beginning. 

The addition of Govermment Regulations resoecting 

grading of citrus fruit will greatly facilitate the 

adoption of the "Dominion 1frrk 11 scheme. The organ· sat ion 
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. deserves wider support and should oe handling the whole 

of the citrus fruit shipped south of Auckland Province. 

(III) Benefits of Cooperative Marketing . 

Freight rates and general marketing costs are so 

heavy that the individual shipper cannot afford the risk 

of receiving low prices for fruit shipped to southern 

markets, and it is only by the wide spread support of some 

organisation, such as the Federation, to whom is entrusted 

the distribution of all fruit shipped, that gluts may be 

avoided. 

Also, by united action, the growers place themselves 

in a position to secure bett er treatment in respect of 

fre.ights, auction charges, etc. The individual grower acting 

alone is powerless to exercise any control over the sale of 

his product or better his market conditions. He is helpless 

in the hands of carriers, distributors and dealers and must 

take what they hand out to him whether it is satisfactory or 

not. Concerted action and unified co-operative effort is 

essential to any im9rovement in the marketing of citrus in 

the Dominion. Such an organisation is also in a position 

to collect marketing information in respect of the demands 

of particular markets with preferences for particular si z es, 

or for supplies at particular times of the year: - a service 

that is entirely beyond the scope of the private individual 

or the small organisation. 

Practically no information is available at the 

present time in reg ard to the consumption of citrus fruits 

in the various markets, or the potential demand should prices 

be lowered to a more reasonable level from the point of view 

of the conEumer. Such information is basic to the develop­

ment of a stable market for an increasing supply of citrus 

fruits. 




