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M*'8 - + '  INTRODUCTION 
' 

C Early  i n  l$ik south +an Co-operative Ci t rus  Exchange Ltd. i n  
, .' 

L i s t i o n  w i t h  the &artment o f  Agr i cu l tu ra l  and Technical Services 

embarked on t h  hase o f  the South African C i t rus  Improvement uc 
h Programme 3 Oraca, 1916). broadly the aim o f  the 

- Progranqie i s  improve the standard o f  c i t r u s  t rees being sold t o  

comnercial rs :  This i s  expected t o  cont r ibute  meaningful ly 
1 I 

r e  o f  the  c i t r u s  indust ry  being structured on a s tab le  

The Programne deals w i t h  a l l  aspects of c i t r u s  nursery t ree production 

from the  regu la t ion o f  approved sources o f  propagation mater ia l  t o  the 

many problems which attend the production o f  healthy seedlings and 

budlings i n  the  nursery. The l a t t e r  has become o f  special importance 

t o  nurserymen owing t o  a recent industry-wide swing t o  a new range -- - o f  

rootstock cu l t i va rs .  Some o f  these c u l t i v a r s  are considered t o  be 
- PftfiC4 be t t e r  adapted t o  the s o i l  and c l ima t i c  condi t ions o f  ce r t a i n  produc- 

t i o n  areas than the t r a d i t i o n a l l y  used rough lemon rootstock. One 

such cu l  t i v a r  i s  Citrus latZculata (Blanco) cv. Empress 

Empress mandarin i s  a h igh ly  polyembryonic South African 

sele-ction o f  the  Austra l ian Emperor mandarin (Hodgson, 

f i r s t  i t  was recognized so le l y  as a promising loose-skinned f resh  

f r u i t ,  r esu l t i ng  i n  i t s  extensive exp lo i ta t ion  i n  the cool c i t r u s  pro- 

duct ion areas o f  the Transvaal, e. However, i t s  poten- 

t i a l  as a rootstock was not iced b6Mar lo th  i n  199'who l a t e r  advised 

t h a t  it should be l i s t e d  as a (Marloth & Basson, 
J 

1961j. Thereafter several growers i n h o d w e d  t he  new rootstock as i s  



evidenced by scattered p lant ings o f  t rees o f  Empress mandarin present 

today i n  many par ts  o f  the fransvaal. However, i t  i s  l i k e l y  t h a t  i t s  

exp lo i ta t ion  would hav been f a r  more widespread were i t  no t  f o r  the  
,Pt,,< 7\ 
2% - ' 0 II 

d i f f i c u l t i e s  i t  presented t o  nurserymen. Not on ly  d i d  the seed prove 
/. - 

d i f f i c u l t  and slow t o  germinate, but Empress mandarin seedl ing g-owth '~ . 

was always slower than the v igoro s rough lemon t o  which nursermen ' 

LJ' 
were accustomed (Oberholzer, 1969). 

J "1 
Since the work o f  Marloth & Basson (1961) i t  has become evident  t h a t  

whi le Empress mandarin may no t  serve as a be t t e r  rep lan t  stock i n  o l d  

c i t r u s  s o l l s  It i s  decidedly more t o l e ran t  t o  Phytophthora-induced 

\I gummosis than rough lemon (Esselen, 1976). A c lose r e l a t i v e  o f  

Empress mandarin, t he  tkese character is-  

t i c s  (Klotz, B i t te rs ,  Thus Empress mandarin 

appears a useful a l t e rna t i ve  t o  rough lemon i n  s i tua t ions  where 

vigorous scion growth i s  desired but  where so i l ,  c l ima t i c  and c u l t u r a l  

condit ions favour the  development o f  gummosis. 

Several explanations f o r  the customary poor germip'ation o f  Empress 
,1'17C 1 

mandarin seeds have been o f fe red  by nurseryk:filt h a i  been claimed 

f o r  example, t h a t  seeds extracted from i m a t u r e  f r u i t  geminate  f as te r  

and more uni formly than seeds from mature f r u i t .  It has also been 

suggested t h a t  Empress mandarin seed rpsponds wel l  t o  being soaked i n  

i t s  own j u i c e  f o r  several days before plant ing. Although these two 

.theories were based on observation alone they seemed worthy o f  f u r t h e r  1 
invest igat ion,  as both impl ied the  possible involvement o f  endogenous 

b 

growth regu la t ing substances i n  the cont ro l  o f  the  seed's germinabi l i ty .  

It became obvious therefore t h a t  any study i n t o  t he  germination 

requirements and character is t ics  o f  Empress mandarin seed should be 

accompanied by an invest igat ion i n t o  the changes o f  g i b b e r e l l i c  ac id  



- V 
concentrations tak ing place during seed maturation. 

During the study i t  became apparent t h a t  h igh germination ra tes  o f  

Empress mandarin seed could be achieved qu i t e  easi ly .  Thus a t t en t i on  

i; 
became focussed upon another Empress mandarin problem, t h a t  o f  i t s  

slow and uneven seedling growth. The work reported on here there fore  

encompasses a deta i led study o f  the germination requirements o f  

Empress mandarin seed and an analysis o f  i t s  seedling growth charac- 

t e r i s t i c s  i n  comparison w i t h  those o f  two other important c i t r u s  root -  

stock cu l t ivars ,  v iz .  C $ t m ~  

hn&ms k~ifoZ&&a (L.) Raf. - 



CHAPTER I 

SOME GERMINATION CHARACTERISTICS OF CITRUS 

REIPICULATA (BLANCO) , CV EMPRESS MANDARIN 

SEED 

1 .l. INTRODUCTION 

It i s  known t h a t  many factors,  both appl ied o r  inherent, exer t  an i n -  

f luence on the germinab i l i ty  o f  c i t r u s  seeds i n  general Q)iowever, 

the  spec i f i c  s e n s i t i v i t y  o f  Empress mandarin t o  such fac to rs  has been 

suggested by the e r r a t i c  nature o f  i t s  seed gemination, a phenomenon 

which has t roubled many c i t r u s  nurserymen i n  the past and threatened 

i t s  f u t u re  use as a rootstock cu l t ivar [?>n view o f  Empress mandarin's 

increasing popu la r i t y  as a c i t r u s  rootstock, i t  was decided t h a t  an 

attempt should be made t o  discover some o f  the fac to rs  most respon- 

s i b l e  f o r  the unsat is fac tory  germination tendencies o f  i t s  seed and 

thereby t o  cast more l i g h t  on the general germination charac te r i s t i cs  

o f  Empress mandarin seeds. 

As w i t h  &@st angiaspa.mk, t h e  i d t i a l  developmen~cil: stages o f  a C12;rus 

s@d w i s t  of 't,k f o . m t i o n  of the raaraatuPe 6vw'le wf'th I t s  cent ra l  mass 

o f  nutritive crel?s (nucellus), tk embryo qae within' t h e  nucel lus, aild 
J 

I two ' n ~ g m e n t s  ~ w r o ~ . d i n ~ t h e  nu-I 1" ( h t  &. W&.$ @6&' AfM54 
I 

I 'er t i ' l i~zg%i .on 04" the egg cell, i n  the embryo $ 6 . ~ ~  t.here P6ill:aw-s a pcs~lod 
w h  

:ks dur4qgrrhSch grea t l y  o.niarg.e$ by c e l T .  ,+.us 
1. 

clh5siot-i qd t he  endospe.gn DurPqg this per iod the  

ftr3t :signs a f  mu' l t i i le  eRlbiyb d6velQntent. bec* gpparenq i n  the 

n,wel tus  o f  ,p6Ty@mbryonic w1t;ixars. fit geminatir&n these Wltipfe  

i i u ~ q l l a r  erah:ry@s giw r i f e  ta Smne nucell&r seedl ings which, uri?ike t h ~  

single ~ ~ seedl ing derfved fm the gametic getteaie can- 

s:tiXIrt:fan$ i d ~ n 0 i c a l  to the mother tree., 



5 

Germination has been defined as the resumptiorl i n  growth o f  the  embryo 

resu l t i ng  i n  the  rupture o f  the seed coats and the emergence o f  the  
r/ 

young p lan t  (Leopold, 1964). C i t rus  sedd o f  a l l  comnercial ly used 

any spec i f i c  dormancy-breaking treatment, although spec i f i c  germina- 

t i o n  requirements have t o  be met before seed quiescence i s  overcome 
r/ 

&men, 1963; P l a t t  & Opitz, 1973). 

At  the  s t a r t  o f  c i t r u s  s e d  germination the hypogynous cotyledons 

absorb water and swell, wh i le  the t i p  o f  the r a d i c l e  elongat s and 3 
emerges through the micropylar end o f  t he  tes ta  (Schneider, 1968). 

The metabolic react ions which p r e c a a n d  accompany these morphologi- 

ca l  changes are  t r iggered and guided by the  presence o f  spec i f i c  en- 

r/ 

Vartous pre-germination seed treatments a c t  upon these promotor-i nh5- 

b t t o r  l eve ls  and by so doing exer t  an in f luence over germination 

charac te r i s t i cs  o f  t he  seed. For example, the  p o s s i b i l i t y  t h a t  

e i t h e r  the  ju ice,  pulp o r  seed coats o f  ce r t a i n  c i t r u s  c u l t i v a r s  con- 
/-- 

v' 

Other pre-gemination treatments which have been found t o  in f luence 

1968; -knqomery & at. , 1966; Said, 19701, the cont ro l  o f  micro- 
J 



f 6 
v v' 1/ 

1948; Fu, 1951; Ryan & Frol ich, 1961; Chacko & Singh, 1968; 
J / 

Button, Bornman & 'Hackland, 1971 ; Anon., 1973), temperature (Camp, 
J J v 

Mowry & Loucks, 1933; Chapot, 1955; Horanic & Gardner, 1958; 
v' 

Yelenosky, 1967) and the  presence of,foreign o r  unnatural substances 
V h fl 

i n  the germination medium Patt, 1953; Singh, Shanker & G O S ~  1965; 
" J A 

Gerdemann, 1973; Milne, 1973). 

Since l i t t l e  research work has so f a r  been car r ied ou t  on the response 

, o f  Empress mandarin seed t o  such fac tors  i t  was decided t h a t  a ser ies 

o f  experiments should be conducted i n  an attempt t o  provide the foun- 

dat ion upon which t o  base f u r t he r  studies i n t o  i t s  behaviour under 

spec i f i c  condit ions. 

1 2 GENERAL METHODS AMD VATERI ALS 

1.2.1. Select ion o f  p l a n t  mater ia l  

A l l  seeds used i n  these t r i a l s  were extracted frm f r u i t  harvested on 

the estate o f  H.L. Ha l l  & Sons, Nelspruit ,  from several heal thy uni-  

form seedling Empress mandarin t rees i n  a c u l t i v a r  block. I n  some 

7 cases the f r u i t  was harvest 
\ 4- 

1 bh3 experiments were conducted and i t therefo e became standard procedure 

f o r  a seed v i a b i l i t y  t e s t  t o  be conducte d on each batch o f  seeds p r i o r  

t o  the experiment being 

1.2.1 .I. Determination 

t e s t  seed v i a b i l i t y .  One simply enta i led the  germination response o f  

a sample o f  seeds t o  condit ions favourable f o r  geminat ion.  The sec- 

ond involved the  use o f  2,3,5 t r ipheny l  - t e t r a z o l i  ch lo r ide  (T T C) as 

a s t a i n  ind icator .  This chemical, being an i nd i ca to r  o f  ac t i ve  



resp i ra tory  processes, turns from colourless t o  p ink i n  the presence 

o f  l i v i n g  t i ssue  (Porter,,"Durrell & Romn, 1+ Roistacher & Naue;, 
J Y 

1961; E l ias  & Singh, 1967; Chacko & Singh, 1968; Nauer e t  aZ., 

1968) . 

ted  and wel l - r insed Empress mandarin and Poncims -&ifoZiata seeds. 

Four hundred seeds o f  each c u l t i v a r  were d iv ided i n t o  2 g roupso f  200 

seeds. One group o f  200 seeds o f  each c u l t i v a r  was div ided i n t o  10 

l o t s  o f  20 seeds. Each batch o f  20 seeds was c u t  l ong i t ud i na l l y  and 

o f  10 P e t r i  dishes and l e f t  f o r  4 hours i n  the  dark. The other groups 

o f  200 seeds were subjected t o  a standard v i a b i l i t y  t e s t  by being 

t reated w i th  8 hydroxyquinolene sulphate, placed 20 t o  a P e t r i  d ish  and 

incubated o n  moist f i l t e r  paper a t  28%. Germination percentages were 

assessed 20 days l a t e r .  

Results, which are  given i n  tabu lar  form i n  Appendix Table 1 ind ica te  

t h a t  whi le the TTC method was f a r  more rap id  and accordingly more use- 

the  r e l i a b l e  bu t  timeconsuming germination method over the range o f  

Singh (1968), who determined t h a t  the  TTC method gave ra t ings  o f  about 

11 per cent. h igher than the actual germination percentages obtained. 

% 

I n  s p i t e  o f  th i s ,  and i n  view o f  i t s  r ap i d i t y ,  i t  was decided t h a t  the 

TTC method would provide a s u f f i c i e n t l y  accurate p i c t u re  o f  seed 

v i a b i l i t y  f o r  the  ser ies of t r i a l s  to  fo l low. Since only batches o f  

seed w i t h  an average v i a b i l i t y  less  than about 70 per cent. would be 

unsat is factory f o r  general t r i a l  purposes i t wz.s decided t h a t  any batch 

.ij. 
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o f  seed which gave over 80 per cent. v i a b i l i t y  by the TTC method could 

be used w i t h  safety. The TTC t e s t  was accordingly conducted on a 

sample o f  100 seeds before each t r i a l  was i n i t i a t e d .  

1.2.2. Germination media 

1.2.2.1. S o i l  and organic media. Previous workers have shown t h a t  

unless vast d i f ferences i n  s o i l  type exist ,  germination i s  not  much 

Y v 
af fec ted (Perlburger & Reichert, 19 8; Barton, 1943; Childs & 

J / v J 
H r n c a i r ~ ,  1948; Elze, 1949; Patt, 1949; Burns & Coggins, 1969). 

Because normal germination occurs i n  any moisture retent ive,  we l l -  

aerated and well-drained medium i t  was decided t o  use a s t e r i l i z e d  m i i -  

t u re  o f  1:l: l  sand, peat moss and vermicu l i te  f o r  t r i a l s  where germina- 

t i o n  would be measured by the  emergence o f  the  ep icoty l  through the 

s o i l  surface. At  plant ing, care was taken t h a t  a l l  seeds were J 

or iented the same way, i n  s p i t e  o f  the f ind ings o f  Marlangeon (1973), 

t h a t  the p lan t ing  pos i t i on  o f  seeds i s  o f  l i t t l e  p rac t i ca l  importance 

t o  seedling gvwth .  Following the  recomnendations o f  Per1 burger & 

Reichert (19 'f 8), seeds were planted t o  a depth o f  20 t o  25mn below 

surface i n  f l a t s  225 x 155mn i n  area and 60nn deep. 
T- 

were planted per f l a t .  A f t e r  plant ing, s o i l  moisture was reta ined by 

l i g h t  d a i l y  appl icat ions o f  was taken no t  

t he  s o i l  since Perlburger & Reichert (1938), and Kaufman'(1969) had 

shown t h a t  although seeds germinate most r ap i d l y  when water i s  f r e e l y  

avai lable, germination can be impaired where excessive water appl ica- 

t i ons  i n t e r f e r e  w i th  oxygen a v a i l a b i l i t y .  

1.2.2.2. A r t i f i c i a l  media. P e t r i  dishes contain ing a s ing le  l aye r  o f  

moist f i l t e r  paper were used. Seeds were r insed and s t e r i l i z e d  i n  10 

per cent hypochlor i te so lu t ion  and l a i d  ten t o  a P e t r i  dish. 
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Sat is fac tory  moisture leve ls  were maintained by the  regu lar  appl ica-  

t i o n  o f  small amounts (5mR) o f  tap water t o  the  dishes whenever t h i s  

 was necessmy. Germination was considered complete when emerging 

.&+" rad ic les  had reached a length  o f  approximately Snm. A t  t h i s  po i n t  

emergence o f  the plumule had sometimes j u s t  commenced. It was not 

considered necessary t o  wa i t  u n t i l  t he  complete emergence o f  a l l  

seedling par ts  i n  order t o  measure germination; the degree o f  

v i t a l i t y  o f  the  seed was evident by the  time taken f o r  the r a d i c l e  t o  

reach a 5mm length. 

1.3. EXPERIMENTS, RESULTS AND DISCUSSIONS 

By a ser ies o f  s i  germination experiments, an attempt was made t o  

determine which fac tors  are  p r ima r i l y  responsible f o r  the e r r a t i c  

germination tendencies o f  Empress mandarin seed and thereby t o  provide 

a gu ide l ine f o r  the  more successful cu l t u re  o f  t h i s  c u l t i v a r .  An 

attempt was made t o  f o l l ow  some o f  the fac tors  thought t o  have a bear- 

i ng  on the  g e m i n a b i l i t y  o f  the seed f romi ts  ea r l y  development, 

through the various means o f  s t o r i ng  i t and f i n a l l y  t o  whatever pre- 

germination treatments may enhance seed germination. 

1.3.1. The e f f e c t  o f  pre-extract ion treatments on the  geminat ion o f  
Empress mandarin seed 

EXPERIMENT 1 The inf luence o f  f r u i t  harvest date 

In t roduct ion Claims by some nurserymen t h a t  Empress mandarin seeds 

germinate f as te r  and more un i fo ,mly  when extracted from immatirre f r u i t ,  

coupled w i th  the  suspicion t ha t  h igh g i bbe re l l i c  ac id  leve ls  i n  imna- 

t t ~ r e  seeds may prompt f as te r  germination, were primary motives f o r  t h i s  

3 



experiment. The f indings o f  Elze (1949) t h a t  gemina t ion  i n  c i t r u s  

t' can be impaired by ' fac to rs  present in the  f r u i t  j u i c e  l a i d  f u r t h e r  em- 

phasis on the p o s s i b i l i t y  t h a t  the  longer the seeds are under the i n -  

f luence o f  the  j u i ce  the lower the  germinab i l i ty  i s  l i k e l y  t o  be. . 
I 

t( . e ~ q 3  
Procedure Commencing a t  the beginning o f  February 1974, approxi- 

mately 4 months a f t e r  f r u i t  set, representat ive samples o f  20 Empress 

mandarin f r u i t s  were harvested a t  approximately two weekly in te rva ls .  

Seeds were immediately extracted, s t e r i l i s e d  i n  a 10 per cent hypo- 

* $6 c h l o r i t e  so lu t ion  and planted i n  each o f  10 P e t r i  dishes as described 

k bb under General Methods. Gemination counts o f  each batch were con- 

ducted fou r  weeks l a t e r .  At every second harvest approximately 109 

seed was se t  aside i n  the f reezer f o r  g i bbe re l l i c  ac i d  determinations. 

The f r u i t  reached ed ib le  matu r i t y  i n  mid-June but  f r u i t  samples were 

taken u n t i l  mid-July. 

t h a t  geminat ion ra tes  o f  imnature seed extracted dur ing February and 

ea r l y  March were low, increasing t o  a maximum by mid-May. This co- 

inc ided w i th  colour break and the onset o f  f r u i t  matur i ty .  

Poor germination o f  the imnature seeds was manifest i n  two ways: 

(a) by the  f a i l u re  o f  the r a d i c l e  t o  emerge from seeds which appeared 

normal apart  from t h e i r  immaturity, and (b) as a r e s u l t  o f  r o t t i n g  

caused b y  fungal and bac te r ia l  invasion. A f te r  mid-May, small bu t  
i -., .- .... -. . . .. , ,! : i n s i g n i f i c a n t  changes i n  germination percentage occurred w i t h  a "- 

j n i f i c a n t  drop t o  81 per c e n t  being measured i n  seeds harvested i n  mid- 

;' \ July a t  which t ime f r u i t  drop had cmenced.  This reduct ion war due 

/ mainly t o  the onset of waste and not  apparently duetochanges i n  the 

I 'i inherent germinabi l i ty .  



TABLE 1.1 Changes i n  the germination percentage o f  seed extracted from 

Empress mandarin f r u i t  harvested progressively during t he  1974 

transformed data) 

S.S.D. P 0,05 : 11,27 CV = 20,01g 

P = 0,Ol : 14,95 

Means i n  the row not  fol lowed by the  same l e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  

a t  P = 0,01 and P = 0,05. 

these resu l t s  i t  became c lea r  t h a t  f r u i t  should no t  be harvested 

before t he  onset o f  colour break ( a t  Ne lspru i t  i n  A p r i l )  i f  good 

Empress mandarin seed germination i s  desired, but  t ha t  the seeds are 

mature enough t o  germinate we l l  9 weeks before the  f r u i t  reaches ed ib le  

matur i ty  i n  mid-June. Results a1 so showed t h a t  fac to rs  encouraging 

the in ter ference o f  microorganisms could p lay  a r o l e  i n  reducing seed 

germinab i l i ty  and t h a t  a t  ce r t a i n  times of f r u i t  maturi ty, the  seed was 

more predisposed t o  waste suscep t ib i l i t y .  I t  also focussed a t t en t i on  

on the probable importance o f  microorganism con t ro l  i n  the per iod be- 

tween the  harvest o f  the f r u i t  and the p lan t ing  of t he  seed. This 

aspect i s  fu r the r  invest igated i n  Experiment 5. 



EXPERIMENT 2 Comparisons between the  e f f e c t  o f  s to r ing  seed i n  o r  

out .o f  f r u i t  under d i f f e r e n t  temperature condi t ions and 

chemical treatments 

In t roduct ion Because as suggested by the r e s u l t s  o f  Experiment 1 t he  

f r esh l y  extracted seeds o f  Empress mandarin are prone t o  fungal i n -  

vasion, the storage o f  such seed should be preceded by treatments aimed - 
a t  keeping waste development t o  a minimum. I n  p rac t i ce  cimumstances 

sometimes a r i se  which make i t d i f f i c u l t  f o r  nurserymen t o  execute such 

treatments, and f o r  convenience t he  storage o f  seed w i t h i n  the f r u i t  

o f f e r s  a p r  te rna t i ve  prov id ing seed v i a b i l i t y  i s  not impaired. 

a t  comparing the  v i a b i l i t y  o f  seed stored i n  the 
4 

f r u i t  under w i t h  t h a t  o f  extracted 74%. 

L ----- 

s p l i t  i n t o  two groups. Seed was extracted from the  one group and the 

i n t a c t  i n  the  second. About 200 extracted seeds were 

washed, surface s t e r i l i s e d  i n  10 per cent  hypochlor i te and 

a f t e r  being surface dried, were placed i n  a p l a s t i c  bag and we l l  shaken 

up w i t h  1 g"benomylf' (methyl 1-(butyl-carbamoy1)-2-benzimidazol e carba- 

mate), a compound shown i n  p i l o t  t r i a l s  t o  cont ro l  a wide range o f  seed 

fungi.  Another s i m i l a r  batch o f  200 seeds was washed, but  received no 

chemical treatment before being sealed i n  a p l a s t i c  bag. A 

, the  i n t a c t  f r u i t  was dipped i n  an ag i ta ted so lu t ion  o f  

\k9 5 O& ppn (normal packhoure treatment i s  1 500 ppm), bwicidef '(sodium 

orthophenyl phenate) a t  2 per cent. (normally appl ied a t  0,15 t o  2 per 

cent.), 2,4-D a t  500 ppm, and 50 per cent water soluble ' t i t rash incwax 

(Pelser, 1975). These f r u i t  together w i th  an equal n u d e r  o f  untreated 

t f r u i t  and the  two sealed p l a s t i c  bags containjng extracted seeds were 

placed i n  a co ld  room a t  a constant temperature o f  5'~. An i den t i ca l  



r ep l i ca te  o f  f r u i t  and seeds was p ced i n  a room a t  ambient (? 23'~) 

temperature. A f t e r  storage f o  79 y s  samples o f  200 seeds were ran- d 
dmly selected from those kept i n  p l a s t i c  bags under t he  2 d i f f e r e n t  

storage temperatures. These together w i th  batches o f  200 seeds ex- 

t rac ted from the  t reated and untreated f r u i t s  stored a t  the  two tempe- 

Results and Discussion In Table 1.2 r esu l t s  are  presented o f  t he  

mean germination percentages obtained from seeds subjected t o  the 

various pregermination treatments. # 
TABLE 1.2 Mean mandarin seed 

a f t e r  extrae- 

were subjected 

treatments 

and untreated 

L.S.D.s f o r  main e f f ec t s  and treatment i n te rac t ions  P = 0,05 : 2,05 

P = 0,Ol : 2,72 

S ign i f i can t  d i f ferences (P = 0,01) between the  means due t o  main 

3 



treatment e f f ec t s  are ind icated by the l e t t e r s  alongside the re levant  

means. The alphabetic order o f  the l e t t e r s  corresponds t o  the order 

of greatness o f  the means. 

(a) Main effects: (P = 0,Ol) were found t o  

e x i s t  between a l l  t ents means. O f  a l l  treatments, the  low 

storage i n  maintaining a h igh 

leve l  o f  seed germinab i l i ty  during the storage period. A s ig-  

n i f i c a n t l y  be t te r  (P = 0,Ol) germination percentage was obtained 

from seed stored i n  the f r u i t  than a f t e r  i t s  ex t rac t ion from the 

f r u i t .  Untreated seed, o r  seed stored i n  untreated f r u i t  gave 

a low mean germination percentage (50,5) bu t  not  as low as t h a t  

o f  seed stored a t  ambient temperature (45,l). 

(b) Interact ions:  Treated seeds stored a t  5 ' ~  germinated as wel l  as 

the seeds o f  t reated f r u i t  stored a t  5'~. However, where f r u i t  

o r  extracted seeds were not  t reated p r i o r  t o  storage a t  5 ' ~  the  

germination percentage o f  the  extracted seeds was s i g n i f i c a n t l y  

lower (P = 0,Ol) than t h a t  o f  the seeds which had been stored i n  

the f r u i t .  

Where seeds and f r u i t  were t reated and then stored a t  ambient 

. temperatures the germination o f  seeds stored i n  the f r u i t  was 

s i g n i f i c a n t l y  higher (P = 0.01) than t h a t  o f  extracted seeds. No 

s i g n i f i c a n t  d i f ferences were found, however, between the  germina- 

t i o n  percentage o f  untreated seed and the seed from untreated 

f r u i t  which had been stored a t  ambient temperature. 

Extracted seed stored a t  5 ' ~  gave s i gn i f i can t l y  lower (P = 0.01) 

mean germination percentages than seed stored i n  the f r u i t  a t  the 



same temperature. S im i l a r l y  seed from f r u i t  stored a t  ambient 

temperature germinated s i g n i f i c a n t l y  be t t e r  (P = 0.01) than ex- 

t rac ted s d stored a t  t h a t  temperature. , M 
L WIL 1 w- 0 4  C*&lLh * 

/- 
/ 

.'-'From a p rac t i ca l  viewpoint a c u l t i v a r  w i t h  f r u i t  as waste prone as 

Empress mandarin should not be stored f o r  extended periods a t  ambient 

temperatures even i f  chemical treatments are appl ied t o  curb the  

development o f  f r u i t  decay. The storage o f  seed i n  the  f r u i t  should 

only be undertaken where adequate co ld  storage f a c i l i t i e s  are avai lable,  

i n  which case good germination rates could be a t ta ined even when the 

f r u i t  i s  not  chemically treated. Excel l e n t  Empress mandarin seed 

storage resu l t s  can be achieved by chemically t r e a t i n g  extracted 

and maintaining the  seed a t  a 5 ' ~  storage temperature. Even under 

these conditions, however, the extended v i a b i l i t y  o f  the seed would 

depend on other fac tors  such as the  loss  o f  moisture from the seed 

dur ing the  storage period. 

1.3.2 Some fac tors  a f f ec t i ng  the v i a b i l i t y  o f  extracted seed during 
storage 

EXPERIMENT 3 The e f f e c t  o f  seed desiccation 

In t roduct ion During the storage o f  seed, nurserymen sometimes al low 

the  feed t o  dry out. While t h i s  has the e f f e c t  o f  re tard ing waste 

development, i t  has been shown t o  g rea t l y  reduce seed v i a b i l i t y  i n  a 
v -. I/ 

wide raqge o f  c i t r u s  c u l t i v a r s  (Barton, 1943; Chi lds & Hrncair, 1948; 
Y 

Fu, 1951; Button, Bornman & Hackland, 167.1). 'To date no such tes ts  

Procedure lwo independent t r i a l s  were 

I 





Days after planting 

FIG. 1.1 The e f f e c t  of Empress mandarin seed desiccat ion f o r  

various times before p lant ing on the r a t e  o f  i t s  germination 



,No attempt was made t o  seed moisture content 

dur ing storage and Nevertheless, 
I 

t h e  experiment o f  many other 

p l a n t  species o f  Empress 

handarin i s  

storage. This can be achieved by s to r ing  the moist  seed i n  sealed 

containers. Under such condit ions however, a wide va r i e t y  o f  

organisms f l o u r i s h  and these may g rea t l y  reduce seed v i a b i l i t y  as 

a1 ready shown. 1l  ]kt 

Further work aimed a t  invest igat ing the e f f e c t  o f  rap id  and slow 

desiccat ion o f  Empress mandarin seed under low temperature storage 

condit ions should be undertaken. This may reveal t h a t  prov id ing 
7 

storage temperatures remain low, Empress mandarin seed could undergo 

considerable desiccation before seed v i a b i l i t y  beccines impaired. I n  

pract ice, however, the simplest method o f  re ta in ing  Empress mandarin 

seed v i a b i l i t y  dur ing storage i s  required, viz., the storage i n  

sealed containers immediately a f t e r  ex t rac t ion  from the  f r u i t .  

EXPERIMENT 4 The e f f e c t  o f  thorough seed r i n s i n g  , 
a 

In t roduct ion The presence o f  the  s t i c k y A u t r i t i v e  mucilage around ex- 

t rac ted c i t r u s  seed const i tu tes  a t h r  t t o  the continued v i a b i l i t y  o f  /' 
the seed owing a t  leasb i n  p a r t  t i t s  apparent a t t rac t iveness t o  a 9 wide range o f  micro-organisms. It has been the experience o f  t he  

author t h a t  t h i s  j e l l y - l i k e  substance i s  harder t o  remove from Empress 

mandarin seed than from Troyer ci trange, i%ncirus tr<f~Zia$a or  rough 

lemon seeds. I t  seemed possible therefore, t ha t  t h i s  f ac to r  may be 

important i n  somehow reducing the v i a b i l i t y  o f  seeds planted wi thout  

f i r s t  having t h i s  mucilage removed. 



Procedure Empress m a n d a r i ~ ~ w a s  
-1 \ seeds immediately a f t e r  extraction from mature fru%s+ Preliminary 

\\---.,.---- - 
work had shown tha t  the  mucilage could be effective1 removed by a 4 

1 
minute rinsing i n  tap  water under normal pressure (1 50 kPa) . Accor- 

7 
dingly this method was used in the experiment. 

Treatments: Batch 1 : Unwashed untreated control 

Batch 2 : rinsed f o r  4 minutes b u t  no fur ther  
treatment 

Batch 3 : rinsed fo r  4 minutes and soaked in 
agi ta ted 5 000 ppm benonyl fo r  5 
minutes, then surface dried 

Batch 4 : rinsed fo r  inkled 7~ .- 7 

After treatment seeds were planted 10 t o  a Petr i  dish each treatment 

being replicated 10 times. Seeds were incubated a t  3 0 ' ~  and germina- 

t ion was assessed by inspection 28 days a f t e r  planting. 

4 1 / 4  ? 
Results and Discussion Details concerning the s ignif icant ly  low ra te  P 
of germination (52 per cent .)  of the untreated control and the s ig-  

n i f icant ly  depressed germination of seeds t reated with Trigosan (76 

per cent .)  in comparison to  those e i t he r  well-rinsed o r  rinsed and 

t reated w i t h  benomyl (94 and 92 per cent. respectively) a r e  presented 

i n  Table 1.3. The poor germination of control seeds 

buted t o  the presence of seed-invading fungi in the 

Trigasan-tr ated seeds showed very l i t t l e  fungal 

~4 1 il &-- b* 
Of importance i n  t h i s  experiment w3s the finding t ha t  seeds subjected 

t o  thorough rinsing germinated much be t te r  than unrinsed seeds and that  

the treatment of seeds w i t h  benomyl is not necessary providing, as  was ---- - - ---- - __,_.._ _____, 3 ,- -.,-- 
the  case i n  this  experiment, seeds a re  planted d i r s c t l y  a f t e r  extraction 

and rinsing and a r e  not stored for any length of time. Use of "Trigosan" 



TABLE 1.3 The e f f e c t  o f  seed r i n s i n g  and chemical t reatments upon t h e  

l o s s  o f  Empress mandarin seed v i a b i l i t y  du r i ng  s torage 

. 
(percentage germina t i c n )  

Treatment 
4 Min. Rinse Rinse + Benomyl Rir.se + Tr igosan Contro l  

Means 94 92 76 52 

a a b c 

Duncan's M u l t i p l e  Range Test 

S.S.D. P = 0,01 : 9.0 

Means i n  the  row n o t  f o l l owed  by t h e  same l e t t e r  a r e  s i g n i f i c a n t l y  

d i f f e r e n t  a t  P = 0,Ol. 

The h i g h  germinat ion percentagfif  r i n s e d  seed apparen t l y  r e s u l t e d  from 

/ t h e  removal o f  the  fung i . -a t t rac t ing  mucilage. However i t  i s  con- - 
ceivab le  t h a t  t h e  wate r  r i n s i n g  cou ld  a l s o  have served t o  remove gcr-  

m i n a t i o n - i n h i b i t i n g  substances from the  seed coa t .  Th is  i s  f u r t h e r  

i nves t i ga ted  i n  Experiment 7. Another aspect worthy o f  f u r t h c r  inves- 

t i g a t i o n  was t h e  e f f e c t  o f  va r ious  chcmical fung ic ides  I c o n  :he r e t c n -  

t i o n  o f  seed v i a b i l i t y  du r i ng  storage. 

EXPERIMENT 5 The e f f e c t  o f  c t c - i c a l  t reatment  

I n t r o d u c t i o n  Ex t rac ted  seed may d e t e r i o r a t e  as  a r e s u l t  o f  the  

d e s t r u c t i v e  e f f e c t s  o f  a  v a r i e t y  o f  a i r b o r n e  and seed c o a t  fungi  o r  

o t h e r  organisms which, i f  they do n o t  cause l o s s  of seed v i a b i l i t y ,  



2 1 

may be responsible f o r  albinism i n  seed1 ings by producing metabolites 

which i n h i b i  ch lorophy l l  ynthesis i n  germinating seedlings (T ger & d' f Cameron, 1 57; Durbin, 1959; Ryan, Greenblatt & Delaminy, 1 l 61). - 
Various fungicides have been tested t o  e l iminate such fung i  inc lud ing 

the inorganic sa l t s  o f  heavy metals, heavy metal carbamate fungicides 

and ce r t a i n  non-metall ic organic compounds ( Per1 burger R Reichert, 
J w J 

1938; Childs & Hrncair, 19 &/yan & Stein, 1958; Said 1 Ryan. 1961; 

Ryan & Frol ich,  1961; Moore, 1961). A r i s ing  from such research the - 
chemicals most widely used i n  Ca l i fo rn ia  are 50 per cent. tetramethyl- 

thiuram disulphide (Arasan) and 8-hydroxyquinolene sulohate ( P l a t t  & 

f' "itG;h p-s, p l b ~  \ k ' l  LT . I . I 
/ 

I n  South Af r ica  l i t t l e  a t ten t ion  has been pa id  i n  the past t o  the 

screening o f  fungicides f o r  seed storage purposes. A heavy metal .. 
compound, phenyl mecuric acetate (~ri~osa;) has however, come i n t o  

common use and therefore the need t o  compare t h i s  w i t h  other tested 

and untested chemicals was f e l t  j u s t i f i e d .  This was espec ia l ly  so i n  

view o f  resu l t s  obtained i n  the previous experiment and two p i l o t  

t r i a l s  where the germination percentage ofs '~r igosa&treated Empress 

mandarin seed was found t o  be lower than t ha t  o f  Empress mandarin seed 

1 ?  treated w i th  other chemicals. Because the workers previously c i t e d  b * 
/ 

had establ ished the most su i tab le  concentrations t o  use f o r  adequate 

cont ro l  no a t t en t i on  was pa id  t o  fu r the r  invest igat ions o f  t h i s  kind. 

Procedure Eight  hundred f resh ly  extracted and wel l - r insed Empress 

mandarin seeds were s p l i t  i n t o  four batches o f  200 seeds. One batch 

was dipped f o r  two minutes i n  5 000 ppm ag i ta ted benomyl, the second 

soaked i n  a 10 per cent. so lu t ion o f  8-hydroxyquinolene sulphate f o r  

$ minutes, the t h i r d  batch shaken w i t h  39 'Crigosan powder and the 
.J 

Fourth l e f t  as an untreated cont ro l .  ~ r a s a n  was not ava i lab le  f o r  

f !  



-. - I I 

22 

batch were 

allowed t o  

- 

I 
I - 

conducted. The balance were germinated i n  the  same way a f te f  89 Pays 

3 'b , 
storage. 

Results and o f  su i tab le  chemical treatments t o  

r 

I 

1 

I 
I 

cont ro l  decay i n  stored Empress mandarin seed proved essential .  

i L 

There was l i t t l e  t o  choose between ~enomyl and 8-hydroxyquinolene sul-  
-\ 

phate a f t e r  e i t he r  storage period whereas, the germination of Trigosan- 
L 

treated seeds was s i g n i f i c a n t l y  depressed a f te r  89 days storage. 

r _-' 

J A ~  C3 ,rr7 

Af te r  35 days storage the germinab i l i ty  o f  untreated seeds had dropped 

s i g n i f i c a n t l y  t o  74 per cent. and a f te r  89 days t o  53 per cent. 

TABLE 1.4 E f f ec t  o f  three chemical treatments on the  germination 

percentage o f  Empress mandarin seeds a f t e r  35 and 89 

days o f  storage a t  5 ' ~  (angular transformed data) 

I I I I 

Means 92,3a 91,5a 63,6b j 63.5b l y l  b ~ + l d , d r  
Shi*q. kb* 

L.S.D.'s f o r  treatment means: P = 0,05 = 7,10 C.V. = 9,0% 

Means i n  any v e r t i c a l  o r  hor izontal  column not  fol lowed by the same 

Mean Length o f  Storage 
(days) 

l e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  a t  P = 0,Ol. 

I I I I 

Mean Germination Percentages 

Chemical Treatments 

Control HQ Benomyl Trigosan 



Reduction i n  the v i a b i l i t y  o f  cont ro l  seeds was mainly due t o  the 

development o f  waste i n  these seeds whereas non-viable'h-igosanL 

t reated seeds were seldom infected. This suggests t h a t  the depres- 
.. 

s ive e f f e c t  o f  phenyl mercuric acetate ( ~ r i ~ o s a n ' j  on Empress mandarin 

seed v i a b i l i t y  i s  caused by some chemical i n t e rac t i on  w i t h  

metabolic processes, possib ly i n h i b i t i o n  o f  enzyme a c t i v i t y .  

Extracted seeds w i l l  r e t a i n  best v i a b i l i t y  over long storage periods 

i f  t reated w i th  e i t h e r  benomyl o r  8-hydroxyquinol ene sul  phate. .. 
~ r i ~ o s a i i s  l esse f fec t i veandshou ldbeavo ided .  Whenavailable, 

Arasan should be tested against'benomyle'and 8-hydroxyquinolene sul-  

p [ o ~ ~ '  Lr,d c , 4 ,I 

EXPERIMENT 6 The e f f e c t  o f  s to r ing  seeds i n  t h e i r  own j u i c e  

J' 

In t roduct ion The importance o f  s to r ing  Empressmandarin seed ip an 

environment which discourages desiccation o f  the seed has b e d d e a l t  

wi th.  The improved germinat ionof  seeds f r e e o f  a l l  f r u i t m u c i l a g e  / 
has a lso been demonstrated. I n  the l a t t e r  case, i t  was ncluded f 
t h a t  the  mucilage i n d i r e c t l y  depressed germination by at&act ing seed- - 
invading fungi.  The p o s s i b i l i t y  also ex is ts  however t h a t  the  mucilage 

contains a germination i n h i b i t o r  and t h a t  germination i s  f a c i l i t a t e d  by b*C(:'/ removal o f  the  i n h i b i t o r .  This theory c o n f l i c t s  w i t h  the  b e l i e f  o f  
.I '- 

some.nurserynien t h a t  the  storage o f  Empress mandarin seed i n  the j u i c e  

O f  the f r u i t  may i n  f a c t  improve germination. The need f o r  an experi-  

ment t o  resolve t h i s  question was considered j u s t i f i e d .  

The p rac t i ca l  usefulness t o  c i t r u s  nurserymen o f  hold ing seed f o r  short  

periods i n  the pulp and j u i c e  of the f r u i t  from which the seeds had been 

extracted, provided f u r t he r  mot ivat ion fo r  the experiment. A t r i a l  was 
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thus designed t o  t e s t  the e f f e c t  on seed germination o f  cool and 

ambient temperature storage o f  Empress mandarin seed i n  i t s  own ju i ce .  

Procedure On 14th July, 1975 seeds were extracted imm i a t e l y  a f t e r  9d 
harvest from about 100 sound Empress mandarin 

the  j u i c e  from the extracted f r u i t  was 
LJ  

placed i n t o  each o f  e ight  50mL beakers containing t h i s  ju ice .  Four 

o f  these beakers were kept a t  ~ O C ,  t he  remaining f ou r  a t  ambient tem- 

peratures (k 23'~). A cont ro l  treatment cons is t ing o f  60 washed 

seeds were planted imnediately a f t e r  extract ion,  20 t o  a Pe t r i  d ish  

and incubated a t  30'~. A t  twoday in terva ls ,  60 seeds from a beaker 

which had been kept a t  ambient temperature and a beaker kept a t  5 ' ~  

were we l l  rinsed, s t e r i l i z e d  i n  hypochlor i te and planted out 20 t o  a 

P e t r i  d ish  and incubated as above. A comparison was thus made between 

the geminat ion rates o f  seeds stored i n  t h e i r  own f r u i t  j u i c e  f o r  0, 

2, 4, 6 and 8 days a t  ambient temperature and a t  5'~. 

Results and Discussion The s t a t i s t i c a l  analysis conducted on the 

geminat ion percentages obtained i s  presented i n  Table 1.5. 

TABLE 1.5 Mean gemina t ion  percentages o f  Empress mandarin seed a f t e r  

storage from 0-8 days i n  i t s  o w  ju i ce .  Means are calculated 

from 5 geminat ion counts conducted dur ing the per iod 11-19 
days a f t e r  p lan t ing  

Storage 
femperatures 

Ambient (f 23'~) 

Means 

L.S.D. ' s  

Storage time i n  j u i c e  (days) I I 

81,5 64,O 51,8 50,4 57,l 

81,5 64.4 64,O 54,l 55.7 63.9a 

81.5a 64,2b 57,9c 62,3 

f o r  storage t ime means P 

Means i n  the row not  fol lowed by the same l e t t e r  

1 
I 

d i f f e r e n t  a t  P = 0,05. 



It i s  evident t ha t  each subsequent increase i n  storage time up u n t i l  

s i x  days caused a f u r t he r  s i gn i f i can t  decrease i n  germination percen- 

tage. No decrease i n  germination percentage was recorded f o r  seeds 

stored f o r  e igh t  days compared t o  seed stored f o r  s i x  days. No d i f -  

ference i n  germination percentage was 

and those stored a t  ambient temperature. / 

Further de ta i l s  concerning the rates o f  germination are presented i n  

Appendix Table 2. Seeds stored f o r  two days i n  j u i c e  took f i v e  days 

longer t o  reach 100 per cent. germination than the  contro l .  Where 

seeds were stored i n  j u i c e  f o r  e igh t  days 10,4 per cent. l o s t  t h e i r  

v i a b i l i t y .  Nurserymen would thus be i l l -adv ised  t o  s tore  seeds i n  1 
/ 

1.3.3 The in f luence o f  pre-germination seed treatments on Empress 

mandarin seed germination 

EXPERIMENT 7 E f f e c t  o f  water leachinp 

In t roduct ion The h igh germination percentage obtained i n  Experiment 

4 f o r  seeds we l l  r insed (4  minutes) before p lan t ing  l ed  t o  speculat ion 

t h a t  germination may be f u r t he r  improved by extension o f  the water r i n -  

s ing period so as t o  cons t i tu te  an actual water leaching o f  the seed. 

It was argued t ha t  i f  any endogenous i n h i b i t o r s  present i n  the seed coat 

were responsible f o r  reducing germination rates, these may be removed by 

such treatment. r 4,- 1& p( ..r J%~C 5 

- 

Procedure ~ x t r a k e d  seeds were div ided i n t o  td groups, one being 

leached f o r  24 hours i n  * running k? ap water; the second being washed i n  

running water fo&inutes (contro l ) .  I t  was decided t h a t  leaching 



f o r  periods under 24 hours would only be tested i f  resu l t s  obtained 

by the  24 hour per iod proved promising. 

I n  Ju l y  1974 seeds were planted 30 t o  a f l a t ,  5 such f l a t s  const i tu -  

t i n g  a water leach treatment. Germination was checked approximately 

every two days a f t e r  the f i r s t  ep ico ty l  broke t he  surface 19 days a f t e r  

plant ing. I 

. - 
Results and Discussion f a s t e r  r a t e  o f  aermination 

achieved by seed leached i s  shown by Fig. 1.2a. O f  im- 

portance i s  the f a c t  t h a t  a f t e r  57 days no d i f fe rence ex is ted between 

the t o t a l  number o f  seeds germinated under the two treatments and 

therefore t he  e f f e c t  o f  extended water leaching upon gemina t ion  was 

confined t o  the  r a t e  o f  germination only. It i s  possible t h a t  the  

geminat ion o f  leached seeds was accelerated by the 24 hour per iod 

dur ing which i m b i b i - t i o n m a b l ~  to proceed. However, c i t r u s  seed may 
T 

no t  always depend upon imb ib i t i on  as the i n i t i a !  phase o f  germination 

because v iab le  seeds usua l ly  contain h igh moisture contents. 

The f i r s t  ep icoty l  emerged 19 days a f t e r  p lan t ing  and between the  36th 

and 44th day a f t e r  p lan t ing  16 per cent. more 24-hour leached seeds had 

germinated than cont ro l  seeds. While t h i s  may sound substantial ,  and 

whi le  s t a t i s t i c a l  analysis shows t h a t  h i gh l y  s i g n i f i c a n t  d i f ferences 

ex is ted between the mean germination obtained by the two treatments 

(Appendix Table 3) the  f a c t  t h a t  water leaching i n  no way improved the 

f i n a l  germination percentage l i m i t s  i t s  use as a comnercial pract ice. 

Results o f  t h i s  experiment suggest that ,  i n  the l i g h t  o f  the  time taken 

fo r  the leaching and the requirement o f  add i t i ona l  f a c i l i t i e s  i n  order 

t o  ca r ry  i t  out, i t  i s  not  worthy o f  f u r t he r  considerat ion f o r  improving 

Empress mandarin seed germination. 

S.' .. - 
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FIG. 1.2 E f f e c t  o f  a 24 hour water leach  and GA seed soak t reatments  on 

t h e  germinat ion r a t e  o f  Empress mandarin seeds 



EXPERIMENT 8 The inf luence o f  g i bbe re l l i c  a y d s e e d  soaks 
/ 

v 
In t roduct ion Both Burns & Coggins Achituv & Mendel (1973) 

w found t ha t  the soaking o f  c i t r u s  seeds i n  g i bbe re l l i c  ac id  increased 

the number o f  germinating seeds and the r a t e  o f  germination i n  several 

rootstock cu l t i va r s .  The inf luence o f  such treatments on Empress 

mandarin was considered important i n  view o f  the p o s s i b i l i t y  t h a t  i f  

, low concentrations o f  f ree  g ibbere l l i ns  e x i s t  i n  mature seed t h i s  may 

be responsible f o r  retarded germination ra tes  o r  even cont r ibute  t o  

reduced seed v i a b i l i t y .  

Procedure Varying concentrations o f  GAj were used as 24 hour Empress 

mandarin seed soa4 treatments. , 

The t r i a l  was l a i d  blocks design w i t h  GA3 ---- 
7'. 

being appl ied fC0,-50, 250, 1 000 and 5 000 p@. Each treatment con- 
/' 

pet-geminat ion tGY, rep l i ca ted  5 times. 

Results and Discussion The response o f  Empress mandarin seeds t o  GAg 

seed soaks i s  shown i n  Fig. 1.2b, where i t can be seen t h a t  seeds 

t reated w i t h  a l l  l eve ls  o f  GAj from 50 t o  5 000 ppm geminated f as te r  

than the untreated cont ro l .  The 1 000 ppn curve has been excluded t o  

improve the c l a r i t y  o f t h e f i g u r e  bu t  coincides c lose ly  w i t h  the other 

GA3 'curves. 

It was evident t h a t  a t  ce r ta in  stages many more GA3 seeds had germinated 

than untreated seeds. For example, 40 days a f t e r  p lant ing on ly  32 per 

cent. o f  the  cont ro l  seeds had geminated canpared t o  57 per cent. o f  

those t reated w i t h  5 000 ppn GA3. Results o f  the s t a t i s t i c a l  analysis 

bf the  experiment which are presented i n  Appendix Table 4 show t h a t  8s 
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from 38 days a f t e r  plant ing, a l l  GA3 t reated seed germinated s ig-  

n i f i c a n t l y  f as te r  '(at P = 0,Ol) than the cont ro l .  The 1 000 ppm 

treatment induced s i g n i f i c a n t l y  slower germination than the 5 000 ppn 

treatment ( a t  P = 0,05) although t h i s  was not the case f o r  e i t h e r  the 

50 ppm o r  250 ppm treatments. 

A t  the conclusion o f  the  experiment 61 days a f t e r  p lan t ing  ( r esu l t s  

shown i n  Fig. 1.2b) only 3 per cent. more GA3 t reated seeds had germina- 

ted than con t ro l  seeds. This shows t h a t  whi le the GA3 soaks hastened 

germination and therefore may reduce the t ime between seed p lant ing and 

budding, they had l i t t l e  e f f e c t  on the number o f  seeds which ac tua l l y  

germinated. Since more d i f f i c u l t y  i s  experienced by nurserymen i n  

ge t t i ng  Empress mandarin seed t o  germinate than obtain ing a more rap id  

germination, GAj  soaks seem o f  l i t t l e  p rac t i ca l  value. The 

st imulatory e f f e c t  o f  GA3 upon germination r a t e  may, however, prove t o  

be o f  use i n  the  cool production areas where germination i s  normally - 
slow, and may i n  time lead t o  a greater  i n t e res t  i n  Em ress mandarin 

being shown by nurserymen i n  these areas. 

I I I 

@rkccft ghjb[.yeJ ,, l h d t > s f , -  1 3 

Seeds t reated w i th  GA3 were observed t o  produce t a l l e r  seedlings w i t h  

longer internodes than untreated contro ls.  This may prove an impor- 
t 
! t a n t  means o f  inducing seedlings t o  reach budding height  more r ap id l y  

bu t  d i d  not form pa r t  o f  the present study. &?i{6v A ~ L C L  .L 
7 & ( , 4 1 ; ~ 3  . 

EXPERIMENT 9 The inf luence o f  seed coat removal 

In t roduct ion Ci t rus  embryos are enclosed by two seed coats. The 

tegumen, o r  inner coat i s  a t h i n  de l i ca te  membrane composed o f  remnants 

o f  the endosperm, nucel lus and the  t r ue  inner wal l  ca l l ed  the inner i n -  

9 L 

tegument. I t s  charac te r i s t i c  browny-red t o  purp le  colour i s  derived 



from several layers o f  c e l l s  i n  the  chalaza adjacent t a  the nucel lus. 

The outer  seed coat i s  canposed p r ima r i l y  o f  the outer epidermis o f  

the ovular  wal l ,  and during the f i n a l  stages o f  seed maturat ion the 

epidermal c e l l s  form l i g n i f i e d  secondary wal ls  which are  o f ten  
J 

wrinkled (Schneider,l968). 

The seed coat may re ta rd  germination by harbouring growth i n h i b i t o r s  

(discussed ea r l i e r ) ,  by phys ica l l y  obstruct ing the emerging seed1 i n g  

dur ing geminat ion o r  by preventing t he  movement o f  water o r  oxygen t o  
J 

the seed (Zabala & Guardfola, 1974). To determine these e f f ec t s  on 

Empress mandarin seed an experiment was conducted i n  which the  germf- 

nat ion r a t e  o f  seeds w i t h  both seed coats removed was compared t o  t h a t  

o f  i n t a c t  seeds. This t r i a l  was run i n  conjunction w i t h  a f u r t he r  i n -  

vest igat ion i n t o  the in f luence o f  g i bbe re l l i c  a c i d  soaks upon gennirra- 

Procedure extracted from immature f r u i t  harvested o&h 

Both seed coats were 

r e w e d d @ e e d s  but  l e f t  i n t a c t  i n  a second batch o f  80 seeds. 

Boa batches o f  excised and normal seeds were sllbdivided i n t o  4 groups 

Q~ o f  20 seeds and t reated as fol lows: 

Treatment (a) 24 hour soak i n  50 ppm 133 

(bl  " a I, 500 P P  GA3 

(c) I' I' a 5 DO0 ppn GfL3 

(d)  " " ste.r i le  m t e r  

Seeds were planted 10 t o  a P e t r i  d ish  and germinated a t  30'~. The 

experiment was terminated a f t e r  36 days. 



I n  order t o  t e s t  the  presence o r  absenceof seed coats upon the r a t e  o f  

water uptake, a f u r t he r  small t r i a i  was conducted. Outor seed coats 

were removed from 50 seeds and l e f t  i n t a c t  on 50 seeds a l l  o f  which 

had been allowed t o  d ry  out i n  the shade a t  21°c f o r  53 hours a f t e r  ex- - 
tb.e PUSS- 3s- d&-I nrA 

t rac t ion.  A f t e r  Jskg,,w~+~I, both batches o f  50 seeds were soaked 

i n  water f o r  21 hours, surface dried, then again. 

Results and Discussion The high degree o f  polyembryony i n  Empress 

mandarin was imnediately evident when seeds were germinated wi thout  

seed coats. I n  malny instances as the seeds absorbed water they f e l l  

apart  i n t o  t h e i r  several separate embryos, which made gemina t ion  

counts d i f f i c u l t  t o  conduct accurately. I n  some cases where poly- 

embryony was excessive (4-5), germination was sometimes delayed perhaps 

because none o f  the embryos were la rge enough t o  sustain immediate 

r ad i c l e  development. I n  s p i t e  o f  th is ,  r esu l t s  as presented i n  Table 

1.6a showed t h a t  the germination r a t e  o f  excised embryos was very much 

more rap id  than t h a t  o f  i n t a c t  seeds. I n  most cases a l l  excised seeds 

had a1 ready germinated before normal seeds even commenced germi nat ing . 

I As found i n  Experiment 8, seed soaks i n  ce r ta in  concentrat icns o f  GA3 

'0 % speeded up geminat ion.  Best ~ r u l  tr f o r  i n t a c t  seeds were obtained a t  

c(.*b:4sO0 ppm GAS whi le excised embryos responded well t o  both 500 and 5 000 
t 

1 ppm. Excised seeds reacted more not iceably t o  the  Q4 treatment than 

d i d  -normal seeds. This suggested t ha t  the seed coat may contain 

gemina t ion  i n h i b i t o r s  such uptake by t h e  seed of 

water ( i n  t h i s  case dissolved y v 

As shown by Table 1.6b seeds w i t h  t h e i r  outer  seed coats removed i n -  
-5 

creased i n  Havg&. by 71 per cent. dur ing the 21 hour imb ib i t i on  per iod 

whereas the f i gu re  f o r  i n t a c t  seeds was 33 per cent. This suggests 



TABLE 1.6(a) Inf luence o f  seed coat removal and GA3 seed 

soaks upon 

mandarin seed 

Treatments I (No. out  o f f i ~ h e n i n a t e d )  I 
Reps. Days a f t e r  p lan t ing  

Excised 
embryos 5 7 13 15 17 21 27 32 36 

o n t r o  I I 2 3 7 7 8 ) ?  
2 3 8 9 9 . .  

Normal 
embryos 

1 - - 
Control 1 - - 3 6  

2 - - I - - -  4 5 8  

1 - - - - -  
500 ppm 3 9 - -  

2 - I - - -  2 1 0  - - 

TABLE 1.6(b) Changes i n  mass o f  50 seeds w i t h  and wi thout  

seed coats a f t e r  a 21 hour water soak 

I Seed coats removed I Seed coats i n t a c t  I 
Mass o f  dry  seed(g) 4,30 4,90 
Mass o f  moist seed 7,35 6,55 

I Percentage mass 
increase I 



t h a t  seed coats may re ta rd  germination by  r e s t r i c t i n g  water uptake by - 
the seed. This together w i th  the res t ra in ing  e f f e c t  v f  the seed coat 

upon emergence o f  the r a d i c l e  seems, i n  the  l i g h t  o f  water leach ex- 

periments previously discussed, t o  p r ima r i l y  account f o r  the slower 

germination ra tes  o f  i n t a c t  seeds. However, i t  does no t  discount the 

p o s s i b i l i t y  t h a t  the  water soak leaches ou t  g e n i n a t i o n  i n h i b i t o r s  nor 

t h a t  seed coats may be responsible f o r  r e s t r i c t i n g  the  uptake o f  

oxygen during ea r l y  stages o f  germination. 

The removal o f  seed coats i s  too timeconsuming t o  be o f  p rac t i ca l  use, 

bu t  some s c a r i f i c a t i o n  treatment aimed a t  ruptur ing the outer  tes ta  

may prove worthwhile. ~4 A x 4  k k d  * 

1.3.4 The inf luence o f  condit ions during germination u w n  Empress 

mandarin seed g e n i n a t i o n  

Many fac tors  are known t o  inf luence the r a t e  and percentage gemina t ion  

o f  v iab le  c i t r u s  seeds. These inc lude the type o f  g e n i n a t i o n  medium, 

p lant ing depth, moisture regimes and, probably o f  greatest  importance. 

temperature. Since the inf luence o f  the former fac to rs  are o f  general 

app l i ca t ion  t o  most c u l t i v a r s  used as rootstocks f o r  c i t r us ,  the resu l t s  

o f  previous work done i n  t h i s  f i e l d  ( c i t e d  i n  the in t roduct ion t o  t h i s  

chapter) probably hold equal lywel l  f o r  Empress mandarin. However, the  

inf luence o f  temperature, which v i t a l l y  inf luences the r a t e  o f  a l l  

metabolic react ions and t o  which d i f f e r e n t  c u l t i v a r s  vary i n  t h e i r  res-  

ponse, was a f ac to r  thought worthy o f  f u r t he r  invest igat ion.  

EXPERIMENT 10 The inf luence o f  temperature 

In t roduct ion L i t t l e  has been w r i t t e n  about idea l  temperatures f o r  



c i t r u s  seed germination though i t i s  general ly  accepted t ha t  germina- 
v 

t i o n  w i l l  no t  occur below 1 3 ' ~  (Webber, 194Sa), whi le the optimum 
4 

l i e s  somewhere between 27" and 3 2 ' ~  ( P l a t t  & Opitz, 1973). It i s  

important t o  know the response o f  seed germination t o  d i f ferent  

temperatures because i f  planted too ea r l y  before the s o i l  i s  w a n  

enough seeds may ro t ,  whereas seed planted too l a t e  may no t  respond 

we l l  t o  the high s o i l  temperatures. 

Two separate t r i a l s  were conducted t o  determine the e f f e c t  o f  tempera- 

t u re  on Empress mandarin seed germination. The f i r s t  const i tu ted 

p a r t  o f  a l a rge r  experiment, which also concerns the inf luence of 

temperature on seedl ing growth and i s  more f u l l y  discussed i n  Chapter 

111. The second was a stra ight forward germinati  n t r i a l .  - 9 
Procedure (a) On 31st  July, 1973, 50 seeds were planted i n  each o f  

9 f la ts .  Three f l a t s  were placed i n  each o f  three separate constant 
3 

temperature glasshouses se t  a t  20, 25 and 30°C.35<eeds were kept A 
moist  w i th  water o f  the same 

which they had been planted. 

(b) Five P e t r i  dishes each containing 20 seeds were placed 

i n  constant temperature incubators se t  a t  15O, 18O, 21°, 24O, 30°, 

and 36'~. 

I n  both t r i a l s  germination was recorded every second day. 

Results and Discussion Where seeds were planted i n  f l a t s ,  ep ico ty l  

emergence a t  3 0 ' ~  was very muchmore rap id  than a t  e i t h e r  2 5 ' ~  o r  20'~. 

For example, 26 days a f t e r  p lan t ing  over 70 per cent. o f  the seeds 

planted i n  t he  3a0c chamber had produced emergent epicoty ls,  whi le the 



corresponding f igures i n  the 2 5 ' ~  and $ 0 ' ~  chambers were 35 and 30 

per cent. respectively. A feature o f  the f i r s t  t r i a l  was t h a t  no 

s i gn i f i can t  differences i n  the  r a t e  o f  ie rminat ion o f  Empress rrandarin 

seeds a t  20' and 2 5 ' ~  occurred (seeFig. 1.3a and Appendix Table 5a). , 

I n  the second t r i a l  where a f a r  wider range o f  temperatures w 

tested i t  was evident from Fig. 1.3b and Appendix Table 5b $at ger- 

mination ra tes  dur ing the f i r s t  12 days 

f i n a l  germination percentages were lower 

The reason f o r  t h i s  was p r ima r i l y  an increased incidence o f  fungal 

invasion i n  sp i t e  o f  the  seeds having been t rea ted  w i t h  B-hydroxy- 

quinolene sulphate p r i o r  t o  p lan t ing  out. A f t e r  4 days, 10 per cent. 

o f  the seeds a t  3 6 ' ~  had germinated compared t o  only 5 per cent. o f  

those a t  30'~. It may be speculated therefore t h a t  whi le the op- 

timum temperature o f  Empress mandarin seed germination i s  probably not 

lower than 36OC, i t  i s  l i k e l y  t h a t  a number o f  seeds, espec ia l ly  those 

predisposed t o  develop waste (due t o  such fac to rs  as length o f  and 

condi t ions dur ing storage, matur i ty  o f  the seed, presence o f  disease 

organisms w i t h i n  the  seed coat, s t e r i l i t y  o f  the  germination medium, 

etc.) w i l l  do so a t  these high germination temperatures, thereby re- 

ducing the overa l l  number o f  seeds which f i n a l l y  germinate. 

At  1 5 ' ~  germination percentage was low and germination was extremely 

s l o w  However, germination increased appreciably as temperatures 

rose through lBOc, 21°c and 24'~. Under circumstances where rap id  

germination rates are important i n  producing seedlings o f  budding 

height  by the onset o f  winter, i t  i s  evident from Fig. 1.3b t ha t  over 

3 weeks can be saved i f  germination temperatures can be held a t  S O ~ C  

o r  24 '~  ra ther  than a t  21°c o r  lower. This provides mot ivat ion f o r  

germination i n  s o i l  given bottom heat o r  under a p l a s t i c  canopy. 
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The former i s  expensive and has l i t t l e  inf luence on ra tes  o f  photo- 

synthesis o f  the developing seedling The use o f  p l a s t i c  canopies -b" 
as described by Ha l l  and Besemer (1972), however, i s  a p rac t i ca l  way 

o f  increasing temperatures i n  seed bed s o i l s  t o  boost geminat ion 

ra tes  and a lso t o  maintain rap id  seedling growth. This was high- 
7 

l i gh ted  by the resu l t s  o f  a small t r i a l  i n  which Empress mandarin seed 

. i  was planted both under canopy and alongside i n  an exposed pos i t i on  o f  I *,-a 
, & the same seed bed a t  Ukulinga Research Station, Pietermaritzburg i n  

mid-September, 1973. Although temperature d i f ferences were not 

recorded, 87 per cent. o f  the seed under canopy had germinated 32 
I 

only  43 per cent. c f  the  exposed seed had 

I 
h& a 6% erp 6 +- .' 

. i* 
I 

L? 

I 

I 
I 

I 
, 

L 

6 . 4  GENERAL DISCUSSION CONCLLLSI o N J 

.It was possible, as a r e s u l t  o f  the t r i a l s  described i n  t h i s  chapter, 

t o  obta in  a c l ea r  i c t u r e  o f  the fac tors  most responsible f o r  the  
i. _q 

e r r a t i c  germination tendencies o f  Empress mandarin seed. A surpr i -  

s ing discovery, qu i t e  ea r l y  on i n  t h i s  work, was t h a t  the  poor repu- 

t a t i o n  Empress mandarin has developed among many nurserymen i s  not  wel l  

founded and r e f l e c t s  more the lack o f  a t t en t i on  paid by nurserymen t o  

basic seed extract ion,  storage and pre-geminat ion treatments than t o  

any heredi tary pecu l i a r i t y  on the p a r t  o f  the seed. The lack o f  

a t t en t i on  by some nurserymen t o  these fac tors  may be p a r t i a l l y  the 

r e s u l t  o f  t h e i r  long associat ion w i t h  rootstock c u l t i v a r s  such as rough 

lemon which are apparently less sens i t ive  i n  t h e i r  response t o  i n -  

0 

Experiments revealed t h a t  Empress mandarin seed can be stored success- 

f u l l y  f o r  long periods i n  the f r u i t  o r  i n  sealed p l a s t i c  bags a t  5 ' ~  



Y h i i d i n g  seed i s  no t  permitted t o  dry  out and appropriate waste ,con-, 
dud L t w l  measures are taken. I n  t h i s  regard the  use o f  be wl a t  

I/ 
5 000 ppn o r  10 per cent. 8 - h y d r o x y q u i ~ h a t e  i s  recanmended 

t 
- 

ahead o f  the  more commonly used phenyl mecuric acetate f i r igosaG. 

Storage o f  seed i n  the j u i ce  o f  the f rui t  from which it was extracted 

also o f f e r s  a p rac t i ca l  means o f  overcoming short-term (under 6 day) 

storage problems. The dest ruc t ive  e f f e c t  o f  the waste-pranoting 

organisms on seeds i n  storage was found t o  be as detrimental t o  the  

,bt;viability o f  seeds planted out  t o  germinate as t o  t h a t  o f  seeds he ld  

i n  storage. This focussed a t t en t i on  on the  importance o f  using 

adequate s t e r i l i z i n g  treatments p r i o r  t o  p lan t ing  out, even i n  cases 

3 where seeds a re  f resh ly  extracted from f r u i t  j u s t  harvested. It was 

confirmed t h a t  such s t e r i l i s i n g  treatment should always be preceded 

by a thorough r i n s i n g  o f  the seed so as t o  remve the fung i -a t t rac t ing  

mucilage from i t s  surface. Thereafter the  proven hot  water treatment 
u/ 

t o  e l imtnate Phytophthora species (Klotz, de Wolfe & Wong, 1958), f o l -  

lowed by an 8 minute soak i n  10 per cent. 8-hydroxyquinolene sulphate 

should,provide good pro tec t ion against - waste-promoting organisms. 

As w i th  the other c i t r u s  rootstock cult ivaFs, Empress mandarin i s  a lso 

very sens i t ive  t o  dry ing out. However, whereas Troyer c i t range and 

species o f  Poncims may r e t a i n  t h e i r  seed moisture for  longer owing t o  L+ 7 the natu? o f  t h e i r  seed coats and t h e i r  suspected adaptat ion t o  
y P periods o f  post-extract ion s t r a t i f i ca t i on ,  Empress mandarin i s  r a p i d l y  

a f fec ted by desiccation. This points t o  the  importance o f  moisture - 
reten t i ve  s o i l s  being used i n  seedbeds o r  a l t e r n a t i v e l y  t o  t he  use of 
/- 

mulches o r  sun pro tec t ion devices t o  prevent the  rap id  drying-out of 

seedbed so i l s .  Care should be taken no t  to p lan t  Empress 

seeds too shal lowly and a minimum depth o f  15mm i s  advocated. 



\ 
While being sens i t i ve  t o  dry ing out, Empress mandari s e a l s o  showed k- .. 
i t s e l f  t o  have an bptimum germination temperature e6 + ~ o O C ,  To . 
create condi t ions under which both h igh humidtty and . high temperatures 

can best  be sat is f ied ,  the  use o f  p l a s t i c  canopies t o  enclose seedbeds 

i s  suggested. Here, moisture i s  trapped beneath the  canopy so per- 

m i t t i n g  s o i l  moisture l eve l s  t o  remain h igh and even. A t  the  same 

t ime a bui ld-up o f  heat i s  able t o  occur t o  w i t h i n  t he  optimum range 
J 

(Hal l  & Besemer, 1972). On the strength o f  t h i s  supposition, p l as t i c  

tunnels about 75Om i n  height  have already come i n t o  successful use by 

ce r ta in  nurserymen i n  the  cooler  production areas (Rustenburg, E. Cape), 

though there i s  a great  need for  f u r t h e r  research work t o  be conducted 

i n  t h i s  spec i f i c  f i e l d .  
rn 

The modi f ica t ion o f  environment by p l a s t i c  tunnels o r  other means 

should enable nurserymen t o  produce dense batches o f  strong seedlings 

a t  a time o f  year t h a t  i s  normally unfavourable. The ac t ion  o f  the  

environment upon seed germination probably takes place through changes 

i n  spec i f i c  enzyme s stems which are regulated by growth regu la t ing s' 
substances (Amen, 1968). There seemed scope f o r  a study t o  be made - 
o f  the  r o l e  these regulators p lay an] the  extent  t o  which t h e i r  

spec i f i c  l eve ls  are l i nked  t o  seed e rm inab i l i t y  a t  d i f f e r e n t  times o f  /s 
the year and a t  d i f f e r e n t  stages,df seed matur i ty .  This i s  reported 

on i n  Chapter 11. 



CHAPTER I1 

VARIATIONS I N  ENDOGENOUS GIBBERELLIN-Lu 

SUBSTANCES IN  DEVELOPING EMPRESS MANDARIN SEEDS 

2.1 . INTRODUCTION 

Gibberel l ins are an essent ia l  pa r t  o f  the hormonal system regu la t ing 

p l an t  growth and have been found i n  the seeds o f  many higher p lan ts  
d 

J J 
d (Stowe & Yamaki, 1957; Phinney & West, 1 60; Adler, Medwick, Johl & 

M n z e l l i ,  1961 ; Weaver, 1961; Crane, #@, 1 9 h ;  Paleg, 19K5). 

Changes i n  the l eve l s  o f  g i  bberel l in-1 i ke substances dur ing t he  onto- 
d 

geny o f  seeds are a lso wel l  documented (Skene & Carr, 1961 ;, Corcoran 
J 4 

& Phinney, 1962; Hashimoto & Rappaport, 1963; Ogawa, 196ia; Ogawa, 
J J 

1963k; Baldev, Lang & Agatep, 1965; Hashimoto & Rappaport, 1966). 

Gibberel l ins are able t o  terminate r e s t  i n  the seeds o f  many species 
J V 

(Ikuma & Thimann, 1963; Lang, 1965; Weaver, lV72) and i t  has been pro- 
Y 

posed by Wareing & Saunders (1968) t h a t  t h i s  i s  achieved by two d i s t i n c t  

modes o f  action, v i z .  as a reductant f o r  re leasing l a t e n t  hydro ly t i c  en- 

zymes and as an i n i t i a t o r  of enzyme synthesis presumably v ia  RNA cont ro l .  
J 

Van Overbeek (1966), suggests t h a t  g ibbere l l i ns  perform the  dual r o l e  o f  

provid ing soluble food f o r  embryo development and weakening integument 

Gibberel l ins have been i so la ted  from various t issues i n  a wide range o f  
4 V 

c i t r u s  species ( Sumiki & Kawarada, 1961; Khalifah, 1965; Monselise & 
J 

Goldschmidt, 1 % 7 ; 3 e  Lange,1963) and the exogenous app l ica t ion o f  

g i bbe re l l i c  acid t o  c i t r u s  f r u i t  f o r  a va r i e t y  o f  reasons has become a 

popular prac t ice  i n  many countr ies (Lewis, Coggins, Labanauskas & 
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L 
Dugger, 1967; Coggins, 1969; Coggins, P l a t t  & Opitz, 1969; Gold- 

k' J 
schmidt & E i l a t i ,  160;  Turner, 1972; G i l f i l l a n ,  1976). 

I n  view o f  the above, and the inf luence pre-germination g i b b e r e l l i n  

seed soaks were found t o  have towards hastening germination o f  ce r t a i n  
J 

c i t r u s  seed c u l t i v a r s  (Burns & Coggins, 1969; Button, Bornman & Hack- 
J V' ./ 

land, 1971; Achituv & Mendel, 1973; Eshuys, 1975), i t  was decided 

t h a t  an inves t iga t ion  i n t o  the g i bbe re l l i n - l i ke  substances present i n  

Empress mandarin seed should be conducted. More spec i f i ca l l y ,  quan- 

t i t a t i v e  estimates o f  GA content a t  d i f f e r e n t  stages o f  seed maturat ion 

were considered l i k e l y  t o  shed l i g h t  onto some o f  i t s  supposedly 

e r r a t i c  germination character is t ics .  By so doing, i t  was hoped t h a t  

some l i n k  would be found between the  germinab i l i ty  o f  the seed and i t s  

content o f  GA-like substances a t  t h a t  time. 

Attempts were made t o  ex t rac t  GA-like substances by standard techniques 

and t o  estimate the amounts present by photof luorometr ic and bioassay 

methods. . I 5' 

Photof luorimetry has been e f f e c t i v e l y  used by previous workers t o  make 

quan t i ta t i ve  determinations o f  g ibbere l l i ns  i n  p lan t  t i ssue  (Elson, 
J J 

Suter, 1964; Gordon & Pankratz, 1968; Wiltbank & 
'4- 

Krezdorn, 1969; Lange, 1974) although d i f f i c u l t y  i s  general ly ex- 
- 

perienced i n  obtain ing an ex t rac t  pure enough t o  be f r ee  o f  i n t e r -  
J 

f e r i ng  substances (Coombe, 1975). 

I n t a c t  plants, p lan t  par ts  and seeds have been used i n  bioassays o f  

gibberel 1 i ns  and g ibbere l l in -1  i ke substances. Some bioassays are 

based on the a b i l i t y  o f  g ibbere l l i ns  t o  overcome light-imposed growth 
c/ 

reduction i n  stems. These inc lude the r i c e  seedling (Murakami, 1957), 



cucu e r  hypocotyl (Br ian & Henming, 1961), dwarf pea (McComb & Carr, 2 J 
1 9 6 )  and le t tuce  hypocotyl (Frankland & Wareing, 1960). I n  ce r t a i n  

single-gene dwarf mutants the p l an t  i s  unable t o  biosynthesize endo- 

genous g ibbere l l ins .  Such plants are good monitors o f  app l ied GA and 
/ 

include the dwarf maize (Neely & Phinney, 1957) and the  dwarf bean 
I /  

(Brian, Heming & Lowe, 1964). Two popular bioassays which are based 

on g ibbere l l in -s t imul  ated production o f  a1 ha-amylase i n  geminat ing ,P 
seeds are  t he  r i c e  endosperm (Ogawa, 1963a) and the bar ley endosperm 

J / 

lg61; 
Paleg, Coombe & Buttrose, 1962). According t o  Coombe 

(1975), i f  low quant i t ies  o f  GA are present the Rumex l e a f  bioassay i s  

best  t o  use, bu t  the bar ley endosperm i s  recommended above a l l  i f  

rou t ine  analysis i s  t o  be conducted. It i s  a lso a bioassay sens i t ive  
I/ 

t o  a broad range o f  ac t i ve  g ibbere l l i ns  (Coombe, Cohen & Paleg, 1967). 

On account o f  th i s ,  i t  was decided t o  use the  l a t t e r  bioassay i n  these 

determinations. The dwarf pea bioassay was a lso used, i n  p a r t  because 

o f  the loca l  a v a i l a b i l i t y  o f  the recommended ind ica to r  c u l t i v a r  selec- 

t ions.  

2.2. GENERAL METHODS AND MATERIALS 

2.2.1. Select ion and preparat ion o f  p lan t  mater ia l  

The Empress mandarin f r u i t  from which seeds were extracted, were har- 

vested a t  monthly i n t e r va l s  commencing i n  February 1974 from three 

healthy uniform trees a t  H.L. Ha l l  & Sons. Imnediately a f t e r  harvest, 

seeds were extracted from the f r u i t ,  i n  running tap 

water and stored i n  a deep freeze a t  



2.2.2. Extract ion and Separation 

For f luorometr ic  analysis the ex t rac t ion  and separation methods per- 

fected by Wiltbank (1967) were used w i th  a few minor modi f icat ions.  

At  each analysis a 59 seed sample was homogenised f o r  3 minutes i n  

acetone and water and centr i fuged a t  10 000 rpn f o r  one minute. The 

supernatant ex t rac t  was decanted and the homogenate twice more ag i ta-  

ted w i t h  lOma acetone. Acetone i n  the combined ex t rac t  was removed 

under vacuum. The aqueous ex t rac t  was a c i d i f i e d  t o  pH 2,5 w i th  25 

per cent. sulphuric ac id  and extracted three times w i th  l (hL port ions 

o f  pH7 buf fer .  The pH o f  the cloudy lower aqueous so lu t ion  was re- 
- .  

duced t 6  2,s and extracted three times w i t h  e thy l  acetate and the 
i- 

supernatan1 acet t e  f r a c t i o n  evaporated t o  dryness. e P &+ 
The acetate sample residue was redissolved i n  0,5mll e thy l  acetate and 

streaked 2un from the bottom o f  a Kieselguhr s i l i c a  gel TLC p la te .  

The p l a te  was developed using the solvent  system di- iso-propyl ether: 

ace t i c  acid, 95:5. Gibbere l l in  was detected by spraying w i th  90 per 

cent. ethanol ic  sulphuric acid, heating f o r  5 minutes a t  1 0 0 ~ ~  and 

viewing under longwave u l t r a v i o l e t  1 i g h t  (365 mu). 

The Rf o f  standard GA3 determined i n  t h i s  solvent system was found t o  

be 0,13. For determination on the photofluorometer, the chromatogram 

was .cut i n t o  s t r i p s  and the s i l i c a  gel scraped from each s t r i p  i n t o  

f r i t t e d  glass funnels where they were e lu ted w i th  2:l ch1oroform:metha- 

nol .  The eluates were d r ied  under vacuum i n  t e s t  tubes. Two mls 

Hz0 was added t o  each tube and cooled f o r  5 minutes i n  an i c e  bath. 

Ten mll c h i l l e d  H2SOs was added t o  each tube which was then placed on 

i c e  f o r  a fu r the r  10 minutes before being removed and allowed t o  remain 

overnight a t  room temperature p r i o r  t o  the  determination o f  i t s  



r e l a t i v e  fluorescence in tens i t y .  

~ i f f e r e n t  ex t rac t ion  methods were used f o r  the two bioassays. For 

the bar ley endosperm bioassay the ex t rac t ion methods described by Mon- 

se l i se  & Goldschmidt (1967) were followed. Homogenised seed was ex- 

t rac ted w i th  80 per cent. methanol and evaporated under vacuum. The 

water residue o f  crude ex t rac t  was par t i t i oned  i n t o  three other f rac-  

t ions;  a neutra l  f r a c t i o n  ( f r a c t i o n  I ) ,  a m i l d l y  ac i d i c  f r a c t i o n  

( f r ac t i on  11) and an ac i d i c  f r a c t i o n  ( f r ac t i on  111). A l l  f rac t ions  

were concentrated in v-, streaked on #hatman 3MM f i l t e r  paper and 

chromatographed i n  an ascending system using isopropano1:amnonia:water 

(80,0:0,1:19,9). An amount corresponding t o  0,5g f resh mater ia l  was 

app l ied t o  chromatographs. A f t e r  development TLC s t r i p s  were cu t  

then div ided i n t o  3 equal port ions and placed i n  incubation f lasks 

containing endosperm segments. 

J 
On the  recommendation o f  Coombe (1975) i t  was decided t h a t  an attempt 

should be made t o  determine g ibbere l l i ns  i n  the butanol f r a c t i o n  of 

seed ext rac t .  Accordingly the method described by Hashimoto & Rappa- 
v 

po r t  (1966) was used f o r  GA separation and determination using the 

dwarf pea bioassay. The seed sample was marcerated i n  methanol and 

the water phase adjusted t o  pH 7,5 w i th  N~HCOJ and extracted 3 times 

w i t h  equal volumes o f  e thy l  acetate t o  g ive the neutra l  e thy l  acetate 

f rac t ion.  The remaining water phase was adjusted t o  pH 3,O w i th  

d i l u t e  H;Po$ and shaken 3 times w i t h  e thy l  acetate t o  g ive  the  ac i d i c  

e thy l  acetate f rac t ion .  The remaining water phase was f u r t he r  extrac- 

ted w i t h  n-butanol g i v ing  ac i d i c  butanol f rac t ion .  The ac id i c  butanol 

and ac id i c  e thy l  acetate f rac t ions  were streaked on Whatman No. 3 MM 

paper and chromatographed using iso-propyl alcohol-amnonium-hydroxide- 

water 10:l: l  as the developing solvent. 



2.2.3. S e n s i t i v i t y  o f  spectrophotofluorometer t o  GA 

A l l  determinations o f  r e l a t i v e  fluorescence i n t ens i t y  (RFI) were made 

using the  F.O.C.1 . Mark I 1  spectrophotofluorometer. RFI o f  standard 

GA solut ions was determined i n  order t o  es tab l ish  the s e n s i t i v i t y  o f  

the  instrument t o  g i bbe re l l i c  ac i d  i n  the absence o f  i n t e r f e r i n g  

substances. A standard GA so lu t ion  was prepared by d isso lv ing 2mg 

GA i n  2mR e thy l  acetate. From t h i s  standard, ari aqueous so lu t ion  

containing 120 ug GA per mR was prepared. D i lu t ions  were made o f  

the aqueous so lu t ion  t o  obtain f i n a l  concentrations from 0,06ppm t o  

6ppm. One mR o f  the aqueous so lu t ion was placed i n  a t e s t  tube and 
1 

cooled f o r  5 minutes i n  an i c e  bath. For the contro l ,  orea mR o f  

d i s t i l l e d  water was placed i n  the t e s t  tube. Five mR o f  co ld  85 per 

cent. sulphuric ac id  was then added t o  each t e s t  tube and the contents 

thoroughly mixed. The t e s t  tubes remained i n  the i c e  bath f o r  10 

minutes a f t e r  mixing. A f te r  standing a t  room temperature f o r  one hour, 

RFI o f  each GA concentrat ion was determined on the spectrophotofluoro- 

meter (Fig. 2.1). 

2.2.4. Bioassay techniques 

2.2.4.1. Barley endosperm bioassay. The discovery by Paleg (1960) 

o f  the e f f ec t s  o f  GA upon amylase a c t i v i t y  and the release o f  reducing 

sugars from resp i r ing  bar ley  endosperms was fol lowed by an inves- 
/" 

t i g a t i o n  i n t o  the parameters o f  the response system by Coombe et  al. 

(1967). I t  was shown t h a t  va r ia t ions  i n  var ie t ies ,  techniques, 

addit ives, condit ions and even g ibbere l l i ns  c o n f i n e d  the s t a b i l i t y ,  

s e n s i t i v i t y  and adap tab i l i t y  o f  the hormone-induced response thereby 
v 

emphasizing i t s  u t i l i t y  as a GA bioassay. I n  1967, Chrispeels & 

Varner showed t h a t  GA does not  merely t r i q a e r  amylase synthesis bu t  i s  



FIG. 2.1 Changes i n  RFI through increasis i n  G A j  concentrations 
/ 

(standard curve) 



continuously required dur ing the per iod o f  enzyme formation. More 

recent ly ,  McNeil, ~ lbershe im,  Taiz & Jones (1975) discovered t h a t  the 

wal ls  o f  aleurone c e l l s  which are composed o f  2 major polysaccarides, 

arabinoxylan (85 per cent.) and ce l lu lose (8 per cent.), are degraded 

when the iso la ted t issue i s  t reated wi th  GA. Since the wal l  may be 

a b a r r i e r  t o  the release o f  enzymes t h i s  may suggest the mechanism by 

which GA app l ica t ion i n i t i a t e s  enzyme a c t i v i t y  and endosperm starch 

hydrolysis. 

Use i n  these SnvestigatTons was made o f  a l oca l  huskless bar ley  cu l -  
v 

tSvar, Kaalgars. The b lwssay  methods o f  Coombe et o2. (1967) were 

fol lowed w i t h  a few small var ia t ions.  To minimize contamination by 

micro-organisms which can g rea t l y  increase the l eve l  o f  reducing 

sugars found a f t e r  incubation, ce r t a i n  precautions were Yo1 1 owed. 

Barley seeds were soaked f o r  2 hours i n  5 per cent. hypochlor i te and 

then r insed i n  running tap water. It was decided t o  determine 

whether shorter  r i n s i n g  times than the 20 hours recomnended would no t  

render t he  t e s t  more sens i t i ve  by reducing the opportuni ty  f o r  endo- 

genous g ibbere l l i ns  t o  move froin t he  embryo t o  the  endosperm. Ac- 

covdingly various r i n s i n g  periods were evaluated i n  conjunctfon with 

t es t s  made t o  f i n d  optimum incubation periods. 

cu t  f n  two about C m  from the d i s t a l  

endospem. Three endosperm 

segments were placed i n  each 12mk incubation f l a s k  together w i t h  2mR 

deionised water and t he  paper chrmatography s t r i ps .  

A f t e r  i n ~ u b a t f o n  t o t a l  reducing sugars were measured by the degree o f  

colour develo nent  o f  tes  $ ions a f t e r  t h e i r  treatment w i t h  

Smogyi (1952) and Nelso reagents according t o  the procedures 
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prescribed by Paleg (1960) and s l i g h t l y  modi f ied by (e Lange (1969). 

Colour i n t e n s i t y  was determined a t  75 n a spectrophotometer. 

Sugar determinations were a lso made o f  standard GA solut ions ( instead 

o f  seed ext rac ts)  taken through the e n t i r e  procedure and o f  standard 

glucose solut ions (see Figs. 2.7a & b). These values enabled the 

concentration o f  extracted GA t o  

2.2.4.2. Dwarf pea For t h i s  bioassay developed and 

used by Br ian & Hemming 
v/  

and McComb & Carr (1958), use was made 

o f  a l oca l  dwarf pea which had already proved suc- 

cessful i n  work done The seed was soaked f o r  24 

hours i n  running tap water and sown i n  t rays  24 X 17 X 6cm containing 

a mix o f  equal par ts  comnercial peat and vermicul i te.  Gemination 

was allowed t o  proceed f o r  4 days i n  t o t a l  darkness. A f t e r  7 days 

a l l  abnormal seedlings were removed t o  provide a uniform stand. At  

9 days, 20 u& o f  the t e s t  so lu t ion  containing 0,1% Tween 20 surfactant  

was appl ied t o  the base o f  the l e a f  subtending the t h i r d  node. A t  

t h i s  t ime each p l an t  had about 3 nodes. Response was measured by the 

distance between the 3rd and 6 th  nodes 6 days l a t e r .  

2.3. EXPERIMENTS, RESULTS AND DISCUSSION 

2.J. 1. Photofluorometric Determinations, ,J . I*,  ,/AC i,J {W ,- 

7 EXPERIMENT 11 E f f ec t  o f  thorough/glassware cleansing on t he  amount 

o f  impur i t ies  i n  the f i n a l  ex t rac t  . 
Introduct ion I n i t i a l l y  the high degree o f  va r i a t i on  i n  RFI values 

o f  seed ext rac ts  and the apparent lack  o f  co r re la t ion  between GA Rfs 



determined under UV l i g h t  and those determined on the photofluorometer 

ind icated impur i t ies  i n  the  ex t rac t  which could have been derived from 

inadequate ex t rac t ion  technique o r  from contamination o f  glassware by 

f luoresc ing substances. Accordingly an invest igat ion was made i n t o  

the e f f e c t  o f  glassware impur i t ies  upon resul ts.  

Procedure (a) One blank was taken through the e n t i r e  ex t rac t ion 

procedure and chrmatographed. The chromatogram was d iv ided i n t o  9 * 

equal s t r i p s  each o f  which was eluted. A second blank was made up 

o f  chloroform:methanol eluates o f  9 clean s t r i p s  o f  s i l i c a  gel  scraped 

from an unstreaked chromatogram the same widths as those above. 

Readings on the instrument were based on a blank cons is t ing o f  2mi 

deionised water and lome 85 per cent. sulphuric acid. 

(b) A sample o f  imnature Empress mandarin seed was 

d iv ided i n  two groups. Ha l f  the seeds were both extracted and eluted 

i n  glassware washed i n  the normal way w i th  soap. The other h a l f  was 

p u r i f i e d  and e lu ted i n  glassware thoroughly washed w i th  hexane and 

methanol. 

Results and discussion (a) As indicated by Fig. 2.2, TLC s t r i p s  

sf the blank which underwent the  e n t i r e  ex t rac t fon  procedure (Fig. 

2. Za) gave higher fluorescence than TLC s t r i p s  o f  the blank der ived 

d i r e c t l y  frm the chromatOgram IF ig .  2.2b). T t  seans l i k e l y  there fore  

t h a t  when -ken through the  e n t i r e  ex t rac t ion  procedure, f luoresc ing 

substances p m s m t  i n  glassware washed i n  the normal way do contaminate 

'the ex t rac t  t o  sbme extent. 

(b) I n  Figs. 2 . 2 ~  & d the  inf luence of 

glassware washing upon RFI i s  f u r t he r  i l l u s t r a ted .  There i s  



FIG. 2.2 The e f f e c t  o f  a thorough washing o f  glassware with 
hexane and methanol (b & d) upon the RFI o f  blanks (a  & b) and 
extracts (c & d) 



fluorescence i n  almost a l l  the segments derived from ex t rac t ion  i n  

hexane/methanol-cleaned glassware. 

As a consequence o f  r esu l t s  obtained i n  t h i s  experiment care was taken 

i n  a l l  f u t u re  determinations t o  use only glassware well-washed as I 
recommended. Furthermore, because i t  was found d i f f i c u l t  t o  com- 

p l e t e l y  e l iminate impuri t ies, i t  was decided t ha t  f o r  fu tu re  determina- 

t i ons  the  instrument would be zeroed on an eluted blank which had 

undergone the whole ex t rac t ion procedure. I n  t h i s  way, RFI values 

registered on the photofluorometer would be unaffected by those im- 

p u r i t i e s  which even thorough cleansing was unable t o  el iminate. 

EXPERIMENT 12 Determination o f  gibberel 1 in -1  i ke compounds i n  

imnature Empress mandarin seed by pho to f luo rmet ry  

pA1;?-d 4 ,I (',k i,., w i  
Int roduct ion Having reduced the e f f e c t  o f  glassware contamination 

as y c h  d o s s i b l e  attempts were made t o  determine t he  RFI l eve ls  o f  

GAg-like compounds i n  imnature Empress mandarin seed. Results o f  
b 

t h i s  experiment would determine the r e l i a b i l i t y  o f  the technique f o r  

t rac ing  changes i n  the leve ls  of GA-like substances dur ing seed growth. 

Procedure Innnature Empress mandarin seed was extracted from f r u i t  

harvested i n  February 1974. A f t e r  p u r i f i c a t i o n  the GA-containing 

residue was redissolved i n  1mL e thy l  acetate. This was d iv ided i n t o  

G o  equal port ions and amounts corresponding t o  2,5g seed streaked on 

each o f  2 s i l i c a  gel TLC plates which were developed t o  12un i n  d i - iso-  

propyl ether, acet ic  ac id  95:5 and cu t  i n t o  t& s t r i p s  o f  equal 

width commencing below the o r i g i n  so t h a t  the f i r s t  s t r i p  const i tu ted 

a blank. Each s t r i p  was eluted and then the RFI1s o f  the  eluates 

determined. 
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Results and Discussion I n  Fig. 2.3a the histogram o f  averaged RFI 

values o f  the 24 s t r i p s  i s  presented. An RFI value o f  1,57 which 

according t o  the standard curve represents a concentrat ion o f  33 m pg 

GA ma-' was given i n  the same R f  zone (0,13) as the standard GA3 when 

observed under UV l i g h t .  This compares i n t e res t i ng l y  w i th  the range 

o f  60-160 m pg GA g-' f resh mass Wiltbank (1969) obtained from the 

ovaries and young f r u i t s  o f  Navel oranges, and suggests the possib i -  

l i t y  t h a t  a po r t i on  o f  the GA present i n  young developing f r u i t  up t o  

about 35mn diameter i s  located i n  the imnature seeds. This may we l l  

apply t o  Empress mandarin as wel l .  

D i f f i c u l t  t o  expla in i s  the f luorescent  a c t i v i t y  o f  substances located 

near the TLC f ron t .  The ind icat ions were t h a t  t h i s  f luorescence was 

caused by a compound o r  compounds much l i k e  GA i n  respect o f  t h e i r  

chemical s t ruc ture  bu t  not  necessari ly so i n  terms o f  b i o a c t i v i t y .  

To confirm the f luorescent  a c t i v i t y  o f  compounds i n  t h i s  zone, i t s  

exc i t a t i on  spectrum was conducted against a standard GA3 so lu t ion  o f  

6 m pg in%". The r e s u l t  i s  presented i n  Fig. 2.3b. The wavelength 

o f  optimum exc i ta t ion  o f  both compounds was found t o  be p r a c t i c a l l y  

, i den t i ca l  (462 nm), t h i s  confirming some s i m i l a r i t y  i n  t h e i r  molecular 

behaviour. Attempts t o  determine the b i o a c t i v i t y  o f  these high R f  

compounds were car r ied out  by means o f  the dwarf pea bioassay on sub- 

sequent seed extracts, t h i s  being reported under Experiment 17. 

I A d is turb ing aspect o f  t h i s  GA determination was the high degree o f  

impur i t ies  i n  the extract .  Throughout the  chromatogram, compounds 

were present which gave varying degrees o f  f luorescence and cast  doubt 

I upon the ef f icacy o f  the  p u r i f i c a t i o n  technique used. The high RFI 
I 

values corresponding w i t h  the pos i t i on  of GA3 on the TLC cannot be 

considered very accurate because o f  the i n t e r f e r i ng  substances which 



Rf. 

FIG. 2.3a RFI response o f  imnature Empress mandarin seed 

' ex t rac t  a f t e r  development i n  di-iso-propyl ether:acet ic  acid,  

95:5 solvent on a Kieselguhr s i l i c a  gel TLC p l a t e  

FIG. 2.3b Exc i ta t ion  spectrum o f  the  compounds present i n  the 

f ron ta l  zone of the TLC p l a t e  i n  Fig.  2.3a i n  comparison t o  t h a t  

o f  a standard GAg solut ion 



2.3.2. Bioassays 

EXPERIMENT 13 E f f ec t  o f  va r ia t ions  i n  r i n s i n g  and incubation times 

upon the leve l  o f  GA-like compounds detected by the  

bar ley endosperm bioassay 

In t roduct ion A f t e r  the s t e r i l i s a t i o n  o f  bar ley  seeds i n  5 per cent. 

hypochlor i te a per iod o f  seed r i n s i n g  fo l lows.  Rinsing time i s  f a i r l y  

c r i t i c a l  because i f  car r ied  out  f o r  too long, endogenous g ibbere l l i ns  

may prematurely be l o s t  by moving from the embryo t o  endosperm. On 

the other hand soaking o r  leaching f o r  too short  a time can reduce the 

s e n s i t i v i t y  o f  the tes t .  Coombe e t  aZ. (196 $ ) recommended a 20 hour 

r i n s i n g  per iod which i f  shortened could improve the e f f i c i ency  o f  the 

bioassay. 

Incubation periods are a lso c r i t i c a l .  U n t i l  hydrolases are secreted 

some 8-10 hours a f t e r  the add i t ion  o f  GA3, an aleurone membrane 



p r o l i f e r a t i o n  occurs by the ac t ion  o f  two enzymes, phosphorylchloline- 

c y t i d y l  and phorylchol ine glycer ide transferases, w i t h i n  minutes o f  
J J 

GAj administ rat ion (Yomo & Varner, 1971; Ben-Tal & Varner, 1974). 

The process o f  sugar release e f f e c t i v e l y  comnences shor t l y  a f t e r  GA 

administ rat ion which poses a question whether shorter incubation 

periods than the  hours recommended could no t  be j u s t  as e f fec t ive .  

Procedure A f t e r  being s t e r i l i s e d  f o r  2 hours i n  5 per cent. hypo- 

c h l o r i t e  the bar ley seeds were s p l i t  i n t o  three groups which were sub- 

jec ted  t o  5, 10 and 20 hour r i n s i n g  periods respect ively.  Thereafter 

standard G A j  solut ions a t  loq9,  10- lo  and a blank were administered t o  
* =  

each group o f  seeds which were incubated i n  f l asks  f o r  10, 20 and 30 

hours as shown i n  Table 2.1. 

TABLE 2.1 Experimental design t o  determine the inf luence o f  

seed r i n s i n g  and incubation periods a t  3 leve ls  

o f  GA3 upon the release o f  reducing sugars from 

Empress mandarin seed 

I Rinsing time (hours) I 

Time o f  0 0 0 
incubation 20 10-10 10-10 l o - l o  

(hours) 10 '~  l o -g  l o -g  



Results and Discussion It i s  evident from Fig. 2.4a, b & c t h a t  

the 20 hour incubation per iod produced 10 t o  20 times more sugar than 

the  10 hour period. This leads t o  the  speculation t h a t  depending on 

the r a te  and manner i n  which sugar i s  released dur ing the 10-20 hoqr 

period, there may be a time, e.g. 16 hours, a t  which the  t e s t  i s  most 

sensi t ive.  This would be so only i f  the  glucose release pat tern  o f  

GA-containing and cont ro l  solut ions gave the type o f  curves given i n  

Fig. 2.5. It i s  possible however t h a t  both curves would be - 
inf luenced i n  the  same way by incubation per iod i n  which case e i t he r  

the  10 o r  20 hour periods would be equal ly  accurate. Figs, 2.4a. b 

& c show t h a t  there i s  no advantage t o  be gained from incubating f o r  

longer than 20 hours since there i s  l i t t l e  increase i n  the concen- 

t r a t i o n  o f  reducing sugars beyond t h i s  time. The increase which i s  

observed may be due t o  the contamination o f  f l a sks  by sugar producing 

fungi.  This i s  borne out by Fig. 2 . 4 ~  where the greatest increase 

i n  sugar occurred i n  the  contro l  f lask .  It i s  a lso  o f  i n t e res t  t ha t  

there  was a lower reducing sugar l eve l  i n  f lasks containing seeds 
5 

washed f o r  & hours than those washed f o r  fjlre hours (Fig. 2.4a & b) .  

An explanation i s  o f fered t h a t  the 10 hour r i nse  removed (by leaching) 

a greater  amount o f  f r ee  sugars present i n  the endosperm than t he  5 

hour r inse.  Thus, i n  the case o f  the  5 hour r i n s e  the reducing 

sugars measured a f t e r  incubation d i d  no t  r e f l e c t  only those sugars 

released as a r e s u l t  o f  the exogenous GA. 

The increased leve ls  o f  glucose measured a f t e r  t he  20 hour r i nse  i s  

evidence t h a t  the  second stage o f  germination (Hartmann & Kester, 
u' 

1968 had commenced. Lange (1969) had shown t h a t  t o  

achieve greatest s e n s i t i v i t y  r i n s i n g  should be extended f o r  as long as 
' 0  ' 

possible. It was thus decided t h a t  for  a l l  future determinations the  

20 hour period should be s l i g h t l y  shortened t o  19 hours. 
, 
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FIG. 2.4 E f f e c t  o f  various r ins ing  and incubation times on 

the  amount o f  glucose produced by excised bar ley  endosperms 

i n  the presence o f  3 l e v e l s  o f  GA3 

#. 
/ 

/ 
/with gibberellin 

Incubation period 

FIG. 2.5 Proposed glucose re lease  patterns i n  f lasks  

containing excised bar ley endosperms wi th  and without GA 
added 



EXPERIMENT 14 Determination o f  GA-like substances i n  3 f rac t ions  
of' Empress mandarin seeds by the bar ley 

endosperm bioassay 

In t roduc t ion  According t o  Monselise & Goldschmidt (1967) GA ex- 

t rac ted  from young f lush ing lemon branchlets was found i n  greatest  

amounts i n  the ac id  e the r i c  f rac t ion .  Since it was no t  known i n  

which f r ac t i on  g i bbe re l l i n - l i ke  substances extracted from seed would 

appear and because i t would be a laborious task t o  i so l a te  and assay 

a l l  f rac t ions  i n  a l l  f u t u re  determinations t h i s  t r i a l  was deemed 

necessary. 

v' 
Procedure The ext rac t ion method o f  Monselise & Goldschmidt (1967) 

was conducted on 59 i m a t u r e  Empress mandarin seed. Each f r a c t i o n  

was tested f o r  GA-activi ty by the  bar ley endosperm bioassay. 

Results and Discussion It i s  apparent from Fig. 2.6 t h a t  although 

some a c t i v i t y  was evident i n  f rac t ions  I & 11, the greatest amount o f  

sugar was measured i n  the  R f  0,7 t o  0,8 range o f  the ac id  e the r i c  

f rac t ion .  The R f  range i n  which t h i s  a c t i v i t y  was found corresponded 

t o  t h a t  o f  standard GAS developed i n  the same system as described i n  

the General k t h o d .  

While t h i s  cannot be looked upon as a f a c t o r  confirming t h a t  the ac id  

e the r i c  f r ac t i on  contains GA3, it does show t h a t  i n  comparison t o  the  

other f ract ions,  the ac id  e the r i c  f r a c t i o n  i s  most l i k e l y  t o  y i e l d  GA- 

1 i ke compounds. 

The average amount o f  GA-like compound found i n  the  ac id  e the r i c  f rac -  

t i o n  corresponded t o  about 6 X 10-llg GA per f l a s k  (see standard 
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FIG. 2.6 Sugar release measured in flasks containing 
excised barley endosperms to which 3 fractions of 
extracted Empress mandarin seed were added 
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curves Fig. 2.7a & b) which i s  much lower than the  8 X 10'=g per l g  

f resh seed obtained' by photofluorometry and suggests t h a t  the  values 

obtained f o r  the l a t t e r  method were boosted by the  presence o f  

impur i t ies  i n  the extract .  

EXPERIMENT 15 Changes i n  the amounts o f  GA-like substances present 

i n  the  ac id  e the r i c  f r ac t i on  o f  developing Empress 

mandarin seeds by the bar ley endosperm bioassay 

In t roduct ion Having determined t h a t  the ac id  e the r i c  f r a c t i o n  pro- 

vided an index o f  g i bbe re l l i n - l i ke  substances present i n  extracted 

seed, i t  was decided t h a t  t h i s  technique should be used f o r  the  

rou t ine  analysis o f  g i bbe re l l i n - l i ke  substances i n  the maturing seed. 

It was hoped t h a t  the changes i n  GA content o f  t he  seeds would shed 

some l i g h t  on the germination charac te r i s t i cs  o f  Empress mandarin 

seed. 

Procedure Routine analysis as described e a r l i e r  was conducted on 59 

seed samples extracted from f r u i t  harvested a t  monthly in te rva ls .  

Only the ac id  e the r i c  f r a c t i o n  was tested f o r  b i o a c t i v i t y  by the 

bar ley  endosperm bioassay. Analysis was successfully compl eted on 

seed o f  f r u i t  harvested i n  March o r  Apr i l ,  and values obtained i n  the 

previous experiment were used f o r  the  immature February-harvested 

f r u i t .  A t  each analysis chromatogram s t r i p s  were cut  i n t o  3 equal 

por t ions t o  serve as rep l ica tes .  

Results and Discussion As shown by Fig. 2.8, a reduction i n  the 

concentration o f  GA-like substances occurred as the  seed matured. 

Because the  slope o f  the curve between the f i r s t  two po in ts  could not 

be accurately determined, it i s  impossible t o  know how rap id l y  the  GA 



FIG. 2.7a Relationship between absorbance and glucose 
concentration measured by the arseno-molibdate 

co lor imetr ic  determination 

FIG. 2.7b The inf luence o f  various concentrations o f  

GA3 upon the  production o f  reducing sugars by the 
bar ley endosperm t issue 





concentration dropped i n  the maturing seed. However, the most sig- 

n i f i c a n t  aspect o f  t h i s  experiment was the re la t ionsh ip  between the  

drop i n  GA-substances and the acqu is i t i on  o f  seed v i a b i l i t y  as 

previously demonstrated (Experiment 1 )  dur ing t h i s  period (March- 

Apr i l ) .  A possible explanation i s  the  conversion o f  f r ee  GA t o  

bound GA as seeds approached matur i ty .  

EXPERIMENT 16 Determination o f  the chemical f r ac t i on  i n  which most 

f r ee  GA-like compounds extracted from immature 

Empress mandarin e x i s t  f o r  analysis by the dwarf pea 

bioassay 

In t roduct ion I n  an attempt t o  re in fo rce  the data obtained by the 
r/ 

bar ley  endosperm bioassay use was made o f  Hashimoto & Rappaport's 
J 

(1966) ex t rac t ion technique as recomnended by Coombe (1975) and the  

dwarf pea bioassay. The f i r s t  experiment was conducted i n  order t o  

determine the f r ac t i on  i n  which most f r ee  gibberel 1 i ns  were present. 

Procedure Seeds o f  f r u i t  harvested i n  February were extracted and 

separated as described i n  general methods. The eluates from R f  zones 

o f  the  chromatograms produced from ext rac ts  o f  59 seed were appl ied t o  

each pea plant. 

Results and Discussion A t  various zones on the TLC p l a te  m i l d  ac- 

t i v i t y  was registered i n  the ac id ic  e thy l  acetate f r ac t i on  (Fig. 2.10). 

I n  the  ac id i c  butanol f r ac t i on  elongation of pea plants corresponding 

t o  values exceeding 0,008 pg GA were registered (see standard curve, 
J 

Fig. 2.9). According t o  Coombe (1975), t h i s  f r a c t i o n  contains the very 

po lar  f r ee  g ibbere l l i ns  and the ac i d i c  glucose ethers. By the extrac- 

t i o n  methods used f o r  the bar ley endosperm bioassay these g ibbere l l i ns  

may not  have been measureable. 

- 



FIG. 2.9 Tine inf luence o f  GA3 upon the  stem elongation o f  dwarf 

pea seed1 ings 

&a ethyl acetate 

0 02 q-4 a6 a6 
Rf. 

FIG. 2.10 The st imulat ion o f  dwarf pea stem elongat ion by compounds 

present i n  various TLC zones o f  the  ac id  e thy l  acetate f r a c t i o n  of 

immature Empress mandarin seeds 



EXPERIMENT 17 Determination by the dwarf pea bioassay o f  the 

b i o a c t i v i t y  o f  the TLC segment found t o  g ive an 

exc i ta t ion  spectrum s i m i l a r  t o  t h a t  o f  standard GA 

In t roduct ion I n  Experiment 2 i t  was found t h a t  a substance, GA-like 

i n  i t s  fluorescence character is t ics,  but  located a t  the f r o n t a l  zone 

o f  the  chromatograph gave the  same excitation-spectrum as a GA3. The 

dwarf pea bioassay was considered a r e l i a b l e  way o f  determining the 

b io log ica l  a c t i v i t y ,  i f  any, o f  compounds i n  t h i s  zone. 

Procedure The ac id i c  e thy l  acetate f r a c t i o n  o f  GA-like substances 

were extracted from mature Empress mandarin seed and chromatographed 

and e lu ted as already described under 2.2.2. The evaporated eluates 

o f  each chromatogram s t r i p  were redissolved i n  lm2 water containing 

0,5 per cent. Tween 20. Twenty vll o f  the ex t rac t  so derived from 
6 3  oc 

each o f  the 10 s t r i p s  were administered t o  each o f  8 pea plants f o r  

bioassay. 

Results and Discussion The R f  zone which showed the same exc i t a t i on  

spectrum as GA, d i d  no t  possess b io log ica l  a c t i v i t y  as determined by 

the  bioassay. While some b io log ica l  a c t i v i t y  i s  present i n  the R f  

zone corresponding t o  t h a t  o f  the GA standard, there  i s  no evidence o f  

such a c t i v i t y  a t  the TLC f r on ta l  zone. Thus the method used t o  

i s o l a t e  g i bbe re l l i n  does not appear t o  have del ivered a s u f f i c i e n t l y  

pure ex t rac t  f o r  f luorometr ic  determination as the presence o f  i n t e r -  

f e r i n g  substances prevents an accurate quan t i ta t i ve  estimate being 

made. 



EXPERIMENT 18 To determine di f ferences i n  the amount of GA-like 

compounds present i n  the ac i d i c  butanol f rac t ion  o f  

imnature and mature Empress mandarin seeds by the 

dwarf pea bioassay 

In t roduct ion I n  Experiment 6 i t  was shown t h a t  gibberel 1 in-1 i ke 

substances could be measured by the dwarf pea bioassay i n  the acid- 

butanol & -ac t ion  according t o  the methods o f  Hashimoto & Rappaport 
J 

(1966). It was thus thought possible t h a t  t h i s  method could be used 

t o  confirm the r esu l t s  showing the change i n  GA-like substances from 

Immature t o  mature Empress mandarin seeds as already ca r r ied  out  by 

the bar ley  endosperm bioassay. 

Procedure Mature seeds extracted from Empress mandarin f r u i t  i n  

mid-July were washed and surface dried. GA-like substances were 

determined i n  the acid-butanol f r ac t i on  as described by Hashimoto & 

Rappaport (1666). GA a c t i v i t y  was measured by the dwarf pea bioassay. 

Results and Discussion Stem elongation corresponded t o  a GA concen- 

t r a t i o n  o f  approximately 0,0008 pg per p l an t  which i s  t en  times less 

than the GA concentration o f  immature seed as i l l u s t r a t e d  i n  Fig. 2.8 

(Experiment 6). This cmpares i n t e res t i ng l y  w i t h  the  r e s u l t s  

obtained by the bar ley endosperm bioassay where leve ls  o f  GA-like sub- 

stances i n  imnature and mature seeds were found t o  be considerably 

lowei. 

2.4. GENERAL DISCUSSION 

Differences obtained i n  the  resu l t s  between the  amount o f  GA-1 i k e  com- 

pounds found present i n  immature and mature Empress mandarin seeds as 



determined by the three separation and assay techniques were found t o  

range from 8 X loq6 t o  1,8 X lO-"vg GA g-' mass f resh  seed. This 

could be a t t r i bu ted  t o  d i f ferences i n  the content o f  GA-like substances 

i n  the  various f rac t ions  extracted. It has been shown (Hashimoto & 
I/ 

Rappaport, 1966) f o r  example t h a t  the water phase, which i s  o f ten  d is -  

carded a f t e r  the  acid e thy l  acetate f r a c t i o n  has been isolated, may 

containamajor  po r t i on  o f  butanol soluble GA-like substances. Not a l l  

GA-like substances could possib ly have been recovered from the  seed by 

the  techniques used because i n  seed, p a r t i c u l a r l y  when mature, 

g ibbere l l i ns  are o f ten present i n  bound forms and the ex t rac t ion  pro- 

cedures used i n  t h i s  i nves t iga t ion  would not have measured these. 

Coombe (1976 suggests t h a t  a l ka l i ne  hydrolys is fol lowed by pu r i f i ca -  

t i o n  o f  f r ee  g ibbere l l i ns  could serve as a means o f  obtain ing more 
J 

meaningful resul ts .  Indeed McComb (1961), found t h a t  t r ea t i ng  homo- 

genates o f  mature pea seeds w i th  f i c i n ,  a p ro teo l y t i c  enzyme, resu l ted 

i n  la rger  amounts o f  ac i d i c  ethyl  acetate-soluble g i bbe re l l i n - l i ke  

substances than were present i n  ex t rac ts  not  t reated w i th  the enzyme. 

From the  f ind ings o f  workers i t seems acceptable t h a t  

a reduction i n  the ac i d i c  ethyl-acetate soluble g ibbere l l i ns  could be 

expected as the seeds mature. Possibly these g ibbere l l i ns  are 

required f o r  seed growth. The neutra l  substances, which were no t  

tes ted owing t o  t h e i r  very low a c t i v i t y  i n  immature seed when assayed 

by the bar ley endosperm method, may possib ly increase seed matur i ty .  

Future research i n  t h i s  d i r ec t i on  should inc lude analysis o f  the  

neutra l  f r a c t i o n  i n  mature seeds. 

The fac tors  which determine the  age a t  which a developing seed reaches 

germinab i l i ty  f o r  the f i r s t  time, and which continue t o  ac t  upon i t s  

r a t e  o f  germination a f t e r  seed maturation, are probably f a r  more 



complex than variances i n  the content o f  GA-like compounds i n  the 

seed. The drop i n  the  amount o f  ac i d i c  ether-soluble GA-like sub- 

stances i n  Empress mandarin seed between February and May does coin- 

c ide  w i t h  the per iod dur ing which the seed reaches s u f f i c i e n t  matu- 

r i ty  t o  germinate, and may even play some r o l e  i n  it. The fac to rs  

which prevent germination o f  seed i n  the f r u i t  but  which a l low i t  t o  

comnence once the seed has been extracted, washed and planted i n  a 

su i tab le  environment are most l i k e l y  l i nked  t o  s h i f t s  i n  the hormonal 

promotor- inhib i tor  balance. Here, most GA-like p rmoto rs  are  

chemically bound and requ i re  some environmental t r i g g e r  t o  be 

released. This may cons t i tu te  the exchange o f  gases, the  presence o f  

l i g h t  o r  the removal o f  an i n h i b i t i n g  chemical. 
I 

fn any event, i t  i s  apparent from the  invest igat ions ca r r i ed  ou t  t h a t  

changes in the  amounts o f  GR-like substances do occur dur ing t he  

ontogeny o f  Empress mandarin seed bu t  t h a t  many fac to rs  apart  from 

t h i s  probably cont r ibute  t o  i t s  gem inab i l i t y .  If fu tu re  attempts 

are made t o  i s o l a t e  and determine GA-like cmpounds i n  c i t r u s  seed, 

? bToassay methods should be pre fer red t o  photof luorometr ic methods even 
, 

f f  only quan t i ta t i ve  data %?required. Gas l i q u i d  chromatography may 

bk b the physical method most l i k e l y  t o  succeed f o r  r ou t i ne  measurement 4 
b u t  according t o  Coombe (1975) t he  s e n s i t i v i t y  i s  s t i l l  expected t o  be 

a limitation. For a thorough inves t iga t ion  o f  changes i n  the Content 

o f  & - l i ke  substances i n  c i t r u s  seeds it i s  suggested t h a t  changes i n  

t he  netrtral, ac id  e thy l  acetate and acid-butanol f r ac t i ons  be f ~ l l o w e d ,  

Bound g ibbere l l i ns  and the  i n twconve~s ions  from f r e e  t o  bound 

g jbbere l l i ns  w i l l  a lso cons t i tu te  an important f u t u re  study. 



CHAPTER I11 

GROWTH ANALYSIS OF CITRUS SEEDLINGS 

U 3.1. INTRODUCTION 

/ 
Important c i t r u s  nursery operations such as t ~ n s p l a n t i n g  and budding 

are most e f f i c i e n t l y  conducted on uni formly /sized seedlings. For 

t h i s  reason, d i f ferences i n  seedling growth r a t e  between the various 

c m o n  c i t r u s  rootstock c u l t i v a r s  can lead t o  s i gn i f i can t  increases 

i n  the  cost  o f  nursery t r ee  production. I n  sp i t e  o f  t h i s  l i t t l e  

work has been ca r r ied  out  t o  combine quan t i ta t i ve  measures o f  the  

growth and photosynthetic char c t e r i s t i c s  o f  c i t r u s  and re la ted  
i J" 
species. Kha i r i  & Ha l l  (1976) used ra tes  o f  carbon dioxide uptake t o  

i d e n t i f y  adaptive mechanisms and parent mater ia l  f o r  possib le use i n  

breeding programnes t o  improve the adaptation o f  c i t r u s  c u l t i v a r s  t o  

unfavourable climates. However, growth analysis techniques have not 

y e t  been used f o r  t h i s  purpose, nor used t o  any extent  as a research J-,4k 
t oo l  f o r  est imating the r e l a t i v e  growth ra tes  and photosynthetic I, %,Ivi 
capaci t ies o f  c i t r u s  cu l t i va r s .  The reasons f o r  t h i s  probably l i e  i n  

the d i f f i c u l t i e s  o f  applying growth analysis methods t o  perennial and 

woody plants owing t o  t h e i r  slow growth, t h e i r  s ize  and complexity, 

h igh degree o f  i nd iv idua l  var ia t ion,  and the la rge quan t i t i es  required 

f o r  increasing the prec is ion o f - resu l t s .  

4 
A CI 

Webber (1932) and l a t e r  Singh & Mostic(1965) described the va r i a t i on  

i n  c i t r u s  seedling growth and i t s  r e l a t i o n  t o  rootstock select ion. 

However, the f i r s t  use o f  increases i n  the mass and l e a f  area o f  grow- 

i ng  c i t r u s  seedlings as a measure o f  ~ e l a t i v e  growth and photosynthetic 

Y e f f i c i ency  was made by Monselise (19 1). By then, such studies had 



been ca r r ied  out fo r  pure l i n e s  h o r t i c u l  u ra l  Jf; 
plants >- by ,-?em oiria. $ B~~BI(. ~ i d d  L west (1920) ; 

--.. --- 
Heath (1937) and Bolas, Further growth 

analysis studies on c i t r u s  seedlings were conducted by Maggs & 

Alexander (1 d 69) .who over an 18 month per iod were able t o  show 

di f ferences i n  absolute and r e l a t i v e  growth ra tes  and i n  the a l l o -  

met r i c  growth o f  leaf ,  stem and thorn o f  three c i t r u s  rootstocks. 

Invest igat ions by the above workers have shown t h a t  the usefulness o f  

growth analysis methods extends beyond estab l ish ing the c r i t e r i a  f o r  

def in ing seedling growth and the  quan t i ta t i ve  i n t e r re l a t i ons  between 

p lan t  parts. They a lso  provide a means o f  comparing the ass imi la t ion 

ra tes  o f  plants. To t h i s  end various models have been described f o r  

the d a i l y  po ten t ia l  photosynthesis o f  l e a f  canopies o f  ce r t a i n  p l an t  

species, using such parameters as incoming short-wave radiat ion,  day 

l i g h t  in tens i ty ,  l e a f  area and mass gain 
J 

Wi t6  1965; Harris, 1971; Pa te f i e l d  & 
J 

I n  other cases photography and microscopy have been us d as a ids  i n  1 bd 4 
accumulating growth analysis data (Powel 1 & Vink, 1969). 

The aim o f  the study described below was t o  invest igate  the in f luence 

o f  temperature upon the r e l a t i v e  growth and net  ass imi la t ion ra tes  o f  

three c i t r u s  rootstock seedlings, using as a guide the f i r s t  o f  two 
. --- - 3/ 

ana ly t i ca l  methods described by hadford  (1962). I t  was also intended 
i 

t o  use the growth analysis data t o  compare some quan t i ta t i ve  i n t e r -  

re la t ionsh ips  between p lan t  parts. 

/ 

b 4 w L . J .  



3.2. GENERAL METHODS AND MATERIALS 

3.2.1. Raising o f  seedlings 
. C 

,.' 

Three c i t rus  rootstock culti*; were selected on the basis o f  t h e i r  

canmercial growth rates. Citrus Zimon 

compared with Citrus reticuZata (Blanco) 

cv Empress mandarin and Ponc i rus  tr ifoticrta (L.) Raf. (Rubidoux), the 

l a t t e r  hereafter referred t o  as t r i f o l i a t e .  A l l  seeds came from 

f r u i t  harvested a t  H.L. Hall & Sons, Nelspruit on 4th April, 7th June 

and 28th June, 1973, respectively. Seeds were extracted from f r u i t  

o f  a l l  three cul t ivars on 24th July, 1973 

/ f i  bags a t  5 ' ~  u n t i l  used. 

F i f t y  seeds o f  each w l t i v a r  were planted i n t o  each o f  9 f l a t s  con- 

taining an evenly proportioned steam s te r i l i sed  sand, vermiculite, 

.peat mix on 31st July, 1973. Three f l a t s  containing seeds o f  each 

cu l t i va r  were placed i n  each o f  three glasshoou es held a t  constant day 
3C 2 

and night temperatures o f  20, 25 and 3 0 ' ~  !: 1°c. Seeds were kept 
X 

moist and seedlings subsequently i r r iga ted with water held a t  the same 

temperatures as tho respective glasshouses. I 

On m c h i n g  a height o f  25m. 90 of each cu l t i va r  . 
we* transplanted i n t o  70 X 12Om on the dates 

given i n  Table 3.1. Genetic uniformity could not be guaranteed, but 

the high rate o f  seed polyqntbryony i n  the cul t ivars used served t o  

reduce inherent seedling var iab i l i t y .  The exter ior  o f  the sleeves 

were painted white t o  reduce ttmperature var iat ion i n  the event o f  

t h e i r  exposum t o  sunlight. 



TABLE 3.1 Dates.of seedling t ransplant ing a f t e r  seed germination 
i n  glasshouses a t  20°, 25' and 3 0 ' ~  constant 

temperature 

Glasshouse 
temperature Cul t i v a r  Transplant Date 

30:~ Rough lemon 25-8-73 
250C Rough lemon 4-9-73 
3OOC Empress mandarin 5-9-73 ,/ 
3OOC T r i f o l  i a t e  6-9-73 
25,C Empress mandarin 15-9-73 
2OOC Rough lemon 15-9-73 
25,C T r i f o l i a t e  16-9-73 
2OOC T r i f o l i a t e  26-9-73 
20 C Empress mandarin 27-9-73 

J 

Seed1 ings were transplanted i n t o  the  same steam s t e r i l  ised mix as t h a t  

used f o r  germination, but  7509 o f  a 2:3:2 NPK f e r t i l i s e r  per cubic 

metre was included. Conencing on 18th September, ha l f -s t rength  
J 

Hoagland so lu t ion  as prescribed by Bonner & Galston (1967) was appl ied 

to. seedlings a t  two t o  three weekly in te rva ls .  On 17th October and 

3rd  December, 1973, each p l an t  received about 120mll l i q u i d  f e r t i l i s e r  

mix containing 0,519 NH4N03; 0,319 KCR and 0,9g NHqH2P04 R-' i n  order 

t o  counter possible increases i n  s o i l  pH owing t o  the Ca (N03)2 appl ied 
y' 

i n  the Hoagland's so lu t ion  (Nauer, Roistacher & Labanauskas, 1967). 

No nu t r i en t  def ic iency syptms were observed dur ing subsequent growth. 

Depending on t h e i r  r a t e  o f  growth and consequently on the s i ze  they 

attained, batches o f  seedl in s were transplanted t o  l a rge r  p l a s t i c  

sleeves when necessary. \r~[& be, 41)& f ! 
To overcane the e f f ec t s  o f  temperature gradients r esu l t i ng  from the 

regular  exposure o f  ce r ta in  seedlings t o  on the  

bench were ro ta ted a t  regular  in terva ls .  - . . - 



Pest ic ide treatments were appl ied whenever necessary t o  ensure un- 
1 impaired l e a f  develipnent dur ing the  growth period. rLd &, , 

3.2.2. Sampling, measurements and de f i n i t i ons  

Growth ra tes  were measured by the s e r i a l  harvest o f  9 randomly 

selected seedlings o f  each cult ivar/temperature combination a t  

approximately three weekly i n t e r va l s  f o r  the f i r s t  100 days a f t e r  

t ransplant ing the  f i r s t  seedlings. One f u r t he r  harvest was conducted 

a f u r t he r  114 days l a t e r .  i$r& t L&, 4 ] d c  &!d41 
o k  k Ant,., 

At  sampling the  selected seedlings were removed from the sleeves and 

any adhering s o i l  mix gent ly  washed from the roots.  A l l  leaves were 

c l ipped o f f  a t  the proximal endof  the pet io les.  Roots and ae r i a l  

p l an t  par ts  were separated a t  a po in t  on the stem corresponding t o  

about 3mn below s o i l  leve l .  Seedling height  was measured. Total  

l e a f  area (A) was determined using apparatus 
&r by PdCOn l,,&htco, b .  A-S+U[LQ, ~d 

working on t he  suct ion p r i n c i p l e  ( partment o f  Pasture Science, 

eUniversity o f  Natal). /./,, & & f ( 1 Lzn~  L 
\ 

The canbined dry  mass o f  stems and leaves (Sm) and roots  (h) was 

~he"data  so co l lec ted were used t o  determine absolute growth ra tes  and 

shoot:root re lat ionships.  They were a lso used f o r  the der iva t ion o f  

r e l a t i v e  growth ra tes  (RGR) according 

t o  y e  equations developed 

@k6) and sumnarised by 
--Ti 



I n  cont ras t  t o  the absolute growth rates, RGR a t  an i ns tan t  i n  t ime i s  

t he  increase o f  p l an t  mater ia l  per u n i t  o f  mater ia l  per u n i t  o f  time. 

Since i t i s  not  p rac t i ca l  t o  make a continuous record o f  the changes 

o f  M and A, i t  i s  customary t o  measure these var ia tes  a t  a number o f  

i so la ted  times and then attempt t o  evaluate t h e i r  average over the 

per iod o f  successive harvests. To determine the  mean RGR (m) the 

only necessary assumption i s  t ha t  M var ies  wi thout  d iscont inu i ty .  

Since data i n  t h i s  study f u l f i l l e d  t h i s  requirement d i r e c t  subs t i tu t i on  

i n t o  ~ i s s  equation was possible. 
- 

- 
RGR = l og  e M2 - l o g  e MI ......................... (1)s 

( t 2  - t l )  

where M2 and M1 = mean dry  mass o f  9 seedlings a t  t2 and tl respect ively.  

The NAR i s  a measure of the p lan t ' s  

i n  t ime and i s  def ined as the  
- 

assimi la tory  mater ia l  per u n i t  o f  time. Mean NAR (NAR) over a growth 

per iod can be calculated from the fo l lowing formula prov id ing the 

re la t ionsh ip  between A and M i s  l i near .  

- 
NAR = M2 - M1 / l o g  e A 2  - 109 e A l l  

( 2 ) ,  
A2 - A1 t 2  - tl 

where A2 and Al = mean l e a f  area, and M2 and M1 = mean dry  mass o f  9 

seedlings a t  t a  and tl respect ively.  At  one t ime NAR based on l e a f  area 

was looked upon as a quant i ty  constant through u t  the p l an t  kingdom and 

no t  inf luenced by widely d i f f e r i n g  environmen s. Monselise (19 I), I d 
however, showed t h a t  d i f f e r e n t  c i t r u s  specie do no t  a l l  have the same 

NAR. 



3.3. RESULTS AND DISCUSSION 

3.3.1. Absolute dry masses and l e a f  areas 

Mean dry  masses o f  p lan t  par ts  and mean l e a f  areas are  presented i n  

Table 3.2. These data are thebasis o f  subsequent ca lcu la t ions and 

are therefore given i n  some d e t a i l .  The main points a r i s i ng  are the 

much f as te r  growth o f  rough lemon, the marked e f f e c t  o f  temperature on 

r a t e  o f  growth and the increase i n  standard e r ro rs  as the  plants grew. 

Dif ferences i n  absolute growth r a t e  between cult ivar/temperature 

combinations are f u r t he r  i l l u s t r a t e d  by Figs. 3.1 & 3.2 and P la te  1. 

The greater  r a t e  o f  seedling growth and d ry  mass increase o f  seedlings 

a t  3 0 ' ~  over those grown a t  e i t he r  20 o r  2 5 ' ~  i s  c lear .  For rough 

lemon seedlings, the 5 ' ~  temperature d i f fe rence from 20-25'~ caused a 

greater  seedl ing height  response than the 5 ' ~  d i f fe rence between 25 

and 30'~. For Empress mandarin, however, a greater  d i f fe rence i n  

seedling heights was measured between those grown a t  25 and 30°C than 

between those grown a t  20 and 25'~. T r i f o l i a t e  seedlings a t  2 5 ' ~  grew 

f as te r  than those a t  20°C by about as much as those a t  30°C grew f as te r  

than those a t  25'~. The seedling growth pa t te rn  f o r  Empress mandarin 

suggests t h a t  t h e i r  growth i s  more ac t i ve  i n  a temperature range above 

25'~. The f a c t  t h a t  mean monthly sumner temperatures never reach t h i s  

range i n  any o f  the c i t r u s  sub-areas except Flessina and occasional ly 
v' 

Malelane (Anon., 1977), provides one o f  the possible explanations f o r  

the  reputa t ion Empress mandarin has gained as a slow grower. Even a t  

30°C, however, the slow growth r a t e  o f  Empress mandarin and t r i f o l i a t e  

i n  comparison t o  t h a t  o f  rough lemon i s  wel l  i l l u s t r a t e d .  I n  t h i s  

regard i t  i s  i n te res t ing  t o  note t h a t  a f t e r  about 125 days a t  20°C the 

d i f fe rence i n  dry  mass between rough lemon seedlings on one hand and 
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- 
PLATE 1 The mmprntiva dm, 148 days after seed p lmt ing  

of mugh b u n  (a) trifoliate orange (fR) end Em 

press m m d a r h  (EM) seedlings gmwn in Separete 

constant -tura glasshouses at  20, 25 Ij 30F. 

(b length of the mler i s  30m) 



Empress mandarin or t r i f o l i a t e  on the  other was l ess  than the  

difference a t  e i the r '25  o r  30'~. This is i l l u s t r a t ed  i n  Table 3.3. 

Table 3.3 Empress mandarin and t r i f o l i a t e  seedling dry mass 
expressed a s  a percentage of the  dry mass of rough lemon 
seedlings approximately 125 days a f t e r  transplanting t o  
glasshouses a t  20, 25 and 30°c 

Temperature 
Cul t i v a r  

20°c 2 5 ' ~  30°c 

Rough Lemon 100 100 100 
Empress mandarin 38,7 19,9 26.4 
T r i fo l i a t e  5 4 ~ 7  24,5 24,4 

3.3.2. Shoot : root ra t ios  

The e f f ec t  of temperature upon changes i n  the  proportion of roots t o  

whole seedlings is shown i n  Fig. 3.3. The proportion of roots 

increased fo r  seedlings of a l l  cu l t iva rs  grown a t  25 and 3 0 ' ~  from 50 

t o  70 days a f t e r  seed planting. A similar  e f f e c t  was noted f o r  

seedlings grown a t  20°c though here the increase occurred 70 t o  90 days 

a f t e r  planting. Thereafter a steady reduction i n  the  proportion of 

roots was noted f o r  a l l  cu l t iva r  temperature combinations except f o r  

t r i f o l i a t e  seedlings a t  20 and 25'~. Further de t a i l s  concerning the  

effect of temperature a re  presented i n  Table 3.4 i n  3.3.2.1. 

The pattern of root growth preceding shoot growth may represent the  

f i r s t  growth cycle of these young seedlings and develop t o  f o n  the  

periodic growth rhythms (flushes) ssociated w i t h  a l l  c i t r u s  cu l t iva rs  4 
(Krishnamurthi & Kulasekharan, 1957). I t  i s  suggested t h a t  apar t  from 

hereditary influences, factors such as  photoperiod (Simanton, 197 r' ) and 





I 
82 

/ 
l i g h t  i n t e n s i t y  may account p r i n c i p a l l y  f o r  t h e i r  regu la t ion (Marloth, J b' 

1950; Cooper Peynado, Furr, Hilgeman, Cahoon & Boswell, 1963; Singh r J' 
& Ghose. 1965). 

3.3.2.1. The e f f e c t  o f  temperature 

From Table 3.4 i t  i s  evident t h a t  the proport ion o f  roots  t o  whole 

seedlings was higher i n  p lants  grown a t  20 and 2 5 ' ~  than those grown 

a t  30'~. 

Table 3.4 The e f f e c t  o f  temperature on the mean roo t  percentage o f  

three c i t r u s  rootstock c u l t i v a r s  calculated from d ry  

mass data measured a t  4 sampling dates ( roots  as a 

percentage o f  the whole p i an t  g/g) 

Cul t i v a r  
Temperature Mean 

Rough lemon E. mandarin T r i f o l i a t e  

30°c 41 ,O 43,8 41.2 42 ,O 

2 5 ' ~  45 ,O 51,7 52,3 49,7 

20°C 46,9 5 1 3  50,4 49,6 

Mean 44,3 49,O 48,O 47,l 

For a l l  c u l t i v a r s  there were greater  d i f ferences i n  the proport ion o f  

roots t o  whole seedlings between plants grown a t  30 and 2 5 ' ~  than 

between those he ld  a t  25 and 20'~. For a l l  three c u l t i v a r s  continuous 

temperatures greater than 2 5 ' ~  appear t o  have reduced r o o t  development. 

3.3.2.2. The e f f e c t  o f  c u l t i v a r  

The growth behaviour o f  a c u l t i v a r  i s  l i n ked  t o  i t s  inherent  photo- 

synthet ic  charac te r i s t i cs  whichare re la ted  t o  i t s  l e a f  area, leaf  



- 
anatany, ra tes  of dark and photorespiration, the photosynthetic 

1/ t 
a b i l i t y  o f  the fr44t and other fac to rs  (Huffacker & Wallace, 1959; - 

J 

BeaY' Todd, 1960; Todd, Bean & Propst, 

1963. Thnuon, Stolzy & Taylor, 19k;: J 
1968). 

/ 
Singh & Ghose (1965) found t h a t  on the basi; o f  vigour nursery seed- 

l i n g s  could be grouped as fol lows: 

(5) Vigorous - lemons and limes 

(ii) Semi-vigorous - g rape f ru i t  and sweet orange 

(i ii) Semi-dwarf - mandarins and c i t ranges 

( i v )  h a r f  - t r i f o l i a t e s  ? RhC4ki*, - 4 

From Table 3.4 i t  i s  evident t h a t  the mean r o o t  percentage o f  vigorous 

rough lemon seedlings (44.3) i s  less  than t h a t  o f  the less  vigorous 

Empress mandarin (49,O) o r  slow growing t r i f o l i a t e  (48,O). Greater 

seedling vigour i s  apparently accompanied by a smaller proport ion o f  

roo ts  t o  shoots. 

3.3.3. Derived data: r e l a t i v e  growth and ne t  ass imi la t ion rates 

Relat ive growth ra tes  

Subst i tu t ion o f  dry  mass data i n t o  formula (1) gave values f o r  RGR 

presented i n  Table 3.5. Note t ha t  tr - tl values were not  the same 

f o r  a l l  cult ivar/temperature combinations. This arose through 

di f ferences t ransplant  dates (see Table 3.1). 



- 
TABLE 3.5 Calculated RGR f o r  three c i t r u s  seedling c u l t i v a r s  grown a t  

4 

constan't temperatures of 20, 25 and 3 0 ' ~  over t ime i n t e r va l s  

t* - tz (g 1009-I) 

(g  loog-') 
Tempe- 
ra tu re  Cul t i v a r s  Means 

Rough t 2 - t l  E. mandarin t2-tl T r i f o l i a t e  tz-tl 1 emon 

(days) (days) (days) 

20°c 1,73 63 1,94 99 1,57 99 1,74 
25 '~  1,31 125 2,OO 64 1,58 121 1,63 

30°c 2,57 139 2,02 63 1.65 63 2,08 

Means 1,87 109 1,99 75 1,60 94 1,82 
C 

- 
RGR does no t  r e f l e c t  d i f ferences i n  growth r a t e  per se since here 

increases i n  d ry  mass are based on the dry  mass o f  the  p l an t  a t  tl. 

As seedlings grow l a rge r  there  i s  a tendency f o r  the increase i n  mass 
- 

per u n i t  mass t o  slow down and therefore RGR calculated over long 

periods ( t z - t l )  e.g. several years, would tend t o  havelowervalues than 
- 

the RGR calculated over a shorter  per iod dur ing ac t i ve  seedling growth. 

The di f ferences i n  t z - t l  i n  Table 3.5 were found t o  have a neg l ig ib le  
- 

e f f e c t  on RGR. 

- 
A t  30°c RGR was l a rge r  than a t  25' o r  20°c f o r  a l l  cu l t i va rs .  This 

may be accounted f o r  by the rap id  growth o f  seedlings a t  t h a t  tempera- 

t u re  (see Fig. 3.2), though the value would be expected t o  drop as 
- 

seedling s i ze  increases. Taken over a l l  three temperatures the  RGR 

f o r  Empress mandarin was higher than t h a t  o f  vigorous rough lemon o r  

t r i f o l i a t e .  h i s  compares i n t e res t i ng l y  w i t h  t he  f ind ings o f  Maggs & d - 
Alexander (1 9) who measured a greater  RGR i n  t r i f o l i a t e  than i n  

f as te r  growing young Troyer c i  trange (P. trifoZiata X C. sinensis) 

seedlings. Values obtained f o r  sweet orange seedlings grown i n  summer 



(2.859 100g" day) compared closely to that of rough lemon grown at , - 
30'~ (2,579 100g" day). RGR values obtained in the different 

temperaturefcultivar combinations varied from 1,57 to 2,579 100g" 

day. Monselise ( 1 9 ~ )  recorded a range of 0.75 to 2,9g 100g'' day 

for sweet lime seedlings grown in shaded and unshaded plots during 

summer in Israel. 

3.3.3.2. Net assimilation rates 

As stated in 3.2.2. NAR can only be determined from substitution into 

equation (2) provided a linear or near linear relationship exists 

between A & M. Where A and M are not linearly related other formulae 
- '-7 

can be used such as 
, . - .-- -~ 

~ .-,,/ 

' :c ( , 1 9 6 2 i  
...----)-~- 

- 
P 

Fig. 3.4 shows the relationship and correlation coefficient (r) for 

each temperaturefcultivar combination. Six of the combinations had 

r values greater than 0,9. Those with lower values were trifoliate 

at 20 and 25% and Empress mandarin at 30'~. Valuer of r for 

the latter however, all exceeded 0,8 and the use of equation (2) was 

therefore considered suitable. 

- 
The NAR values obtained from substituting the dry mass and leaf area 

data' (Table 3.2) into equation (2) are given in Table 3.6. 

- 
Most of the NAR values presented fall within the range of 1.5 to 

6.7 g m-2 day calculated for sweet lime seedlings over a five m~nth 

period by Monselise (1911). 



(6) SSVW Atla 3NllCI33S 1VLOL 



- 
TABLE 3.6 Calculated NAR o f  values over time i n t e r va l s  (t2-tl) o f  

s e e d l i k s  o f  3 c i t r u s  rootstock cu l t i va r s  grown a t  constant 

temperatures of 20, 25 and 30'~. Values o f  (t2-tl) are 
the same as those used i n  the  determination o f  r f o r  A X M 

- 
Both temperature and c u l t i v a r  c l e a r l y  inf luenced NAR. Lowest values 

corresponded t o  seedlings g iv ing  the f as tes t  growth whi le the highest - 
NARs were given by the slow growing t r i f o l i a t e  seedlings a t  the lowest 

temperature. 

3.4. GENERAL DISCUSSION 

Determination o f  absolute growth ra tes  confirmed the wide di f ferences i n  

growth character is t ics  between rough lemon, Empress mandarin and 

t r i f o l i a t e  seedlings. The growth response o f  a l l  three c u l t i v a r s  t o  

d i f f e r e n t  temperatures fo l lows the same pat tern  observed i n  commercial 

c i t r u s  nurseries, where Empress mandarin and t r i f o l i a t e  l ag  f a r  behind 

rough emon i n  reaching required t ransp lant  and budding s i ze  (Esselen, / 
1976). These di f ferences were greater a t  30°c than a t  25' o r  20°c, so 

t h a t  under the m i l d  growth condit ions which p reva i l  i n  South A f r i ca ' s  

cooler  production areas such as the Eastern Cape, nurserymen could 

expect t o  be less troubled by the d i f f e r e n t i a l  growth r a t e  o f  nursery 
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seedlings. However, since the  growth r a t e  o f  the seedlings tes ted 

was. so much more vigorous a t  the higher temperature (30°c) there  seems 

t o  be no - 
production o f  nursery trees. A 

<- 

The maintenance o f  constant 

experiment produced 

vations made other workers 

MacDougal , 19 

.Randhawa & Khanna, 1963; Wutcher, 1973 ah Reuther, 1973) greater  r o o t  

7 growth than a t  3 0 ' ~  could be expected t o  r e s u l t  from day and n i gh t  

temperatures i n  the range 20-25'~ o r  temperature f l uc tua t ions  t o  leve ls  

o f  2 0 ' ~  and below a t  n ight .  Overal l  seedl ing growth may also be en- 

,hanced by d iurna l  temperature f l uc tua t ions  because high n i gh t  temp ra- 4 
tures a s s i s t  h igh ra tes  o f  dark and photorespirat ion (Reuther, 1973). 

Since the developnent o f  a strong f ib rous r o o t  system i s  basic t o  the  

successful t ransplant ing o f  nursery stock, the need f o r  f l u c tua t i ng  

temperatures i n  comnercial operations i s  probably essent ia l .  This 

presents an argument against the concept o f  producing c i t r u s  seedlings 

i n  a r t i f i c i a l  environments i n  which h igh n i gh t  temperatures are main- 

tained. Nevertheless p l a s t i c  tunnels may prove useful  i n  t h i s  regard 

s ince the h igh daytime temperatures which develop ins ide  the  tunnel are 

u s u a l l y  fol lowed by n i gh t  t ime temperatures which drop t o  w i t h i n  a few 

degrees o f  the ambient temperature. 

However, a possible disadvantage o f  the use o f  p l a s t i c  tunnels during 
- 

warm weather was shown by the NAR values obtained for  a1 1 c u l t i v a r s  a t  

20, 25 & 30'~. Contrary t o  expectations these values showed t h a t  the 

temperatures o f  greatest  photosynthetic e f f ic iency are no t  the same as 

those f o r  optimum growth rate. These f i nd ings  are  backed by the  work 
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o f  Thomson e t  at. (1965), Kriedemann (1968) and Mikaberidze (1975) who 

found t h a t  the r a t e  o f  orange l e a f  photosynthesis decreases as tempera- 

tures increase above 21°c.. This impl ies t h a t  a t  3 0 ' ~  where growth 
k' 

r a t e  i s  near optimum f o r  most c i t r u s  c u l t i v a r s  (Reuther, 1973), the  

u t i l i z a t i o n  o f  photosynthetic products i s  r ap i d  whi le t h e  r a t e  o f  syn- 

thes is  o f  these products i s  no t  optimum. Under these condi t ions only 

"1 
a small po r t i on  o f  the photosynthate i s  ava i lab le  f o r  storage so t h a t  

a p l an t  grown a t  3 0 ' ~  has a low l eve l  o f  carbohydrate reserves. This - 
could account f o r  the  poor t ranspldnt  a b i l i t y  a t  ce r t a i n  times o f  the 

year o f  nursery t rees grown i n  hot  areas (Esselen, 19 Y 6). Nursery 

t rees grown i n  cooler  areas where a greater  po r t i on  o f  photosynthetic 

products are stored i n  the leaves stems and roo ts  (Lewis, Coggins & 
v J' ' Hield, 1963, and Kriedemann, 1968), may t ransp lant  more successful ly  

as a d i r e c t  r e s u l t  o f  higher carbohydrate reserves being present. 

, / / k W  '3 
Downton & ~ l a r i e r  (1972), however, have shown t h a t  the  c l i m a t i c  con- 

d i t i o n s  under which p lants  are grown can a f f e c t  t h e i r  temperature- 

photosynthesis response. Hence caution should be exercised i n  - 
interpre t ing  the temperature response c es presented by \Y" 

nd Possingham & Kriedemann (1969). 

- 
'The decreasing NAR o f  c i t r u s  leaves as temperatures r i s e  above 21°c i s  

being used as the basis o f  research work aimed a t  developing c i t r u s  

c u l t i v a r s  w i t h  h igh ra tes  o f  photosynthesis under ho t  d ry  condi t ions 

(Khai r i  & Hal l ,  197 4 ). Res I t s  presented i n  t he  t e x t  a re  i n  accordance 1 
w i t h  those o f  Monselise (1951) who found t h a t  deciduous t r i f o l i a t e  - 
seedlings have a higher NAR than more vigorous ever-green cu l t i va r s .  

This agrees w i th  the l i s t i n g  o f  deciduous t rees as having a greater  
/ 

photosynthetic e f f i c i ency  than evergreen plants (Kriedemann, 1971). 

A general problem w i t h  breeding higher photosynthetic capaci t ies i n t o  
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c m e r c i a l  c u l t i v a r s  i s  t ha t  the ass imi la t ion ra tes  o f  c lose ly  re la ted  

J species are usual ly  very s imi lar .  I n  c i t r u s  however, i t  i s  possible 

t o  cross t r i f o l i a t e  types w i th  sweet oranges, lemons and so on g iv ing  

r i s e  t o  hybrids which may combine both vigour and higher photosynthetic 

capaci t ies.  This may p a r t i a l l y  account f o r  the success and wide 

acceptance o f  c i t range (C. sinensis X P.  t r i f o t i a t a )  rootstocks. 

- - 
A l l  values o f  NAR and RGR given i n  the t e x t  represent the mean values 

over a time per iod t z - t l .  Within t ha t  t ime i n t e r va l  these values may 

vary widely depending upon the c y c l i c  nature o f  the p l an t ' s  growth 

pat tern  and other factors.  I n  cases where more informat ion concerning 
- - 

changes i n  NAR and RGR over small t ime in te rva ls  i s  required a 

d i f f e r e n t  approach can be used f o r  presenting resu l t s .  Called the 
V 

'new approach' t o  growth analysis by Radford (1967), t h i s  involves 

mapping out the re la t ionsh ips  between A & t and then der i v ing  funct ions 

which f i t  these re la t ionsh ips  best. The t r a d i t i o n a l  methods o f  ana- 

i l  
l y s i ng  growth were considered adequate i n  t h i s  study since the  

experiment was no t  designed t o  t race the va r i a t i on  o f  RGR and NAR wi th  

I the physio logical  development o f  the plant .  

L.\  & C L r j ' : n  . 

, ,-,. &/, 
~. ... 



The germination o f  Empress mandarin seed, both i n  respect o f  rate and 

f i n a l  percentage, was found t o  be determined more by the basic seed 

storage and pre-gemination treatments t o  which they were subjected 

than by any hereditary pecul iar i t ies on the part o f  the seed. Ex- 

perlmental results suggest that  Empress mandarin seeds may be more 

sensit ive t o  certain adverse pre-germinat7on conditions than other 

more comnonly used rootstock cul t i vars  such s rough lemon. This a 
wouf d explain the prejudice many nurserymen h a v e 9 i l  t up against the 

use o f  Empress mandarin rootstock, of ten a t  t expense o f  providing d 
growers with rootshck o f  a cul t i v a r  t o  t h e i r  specific 

condStions. 

Extracted Empress mandarin seed rapid ly  loses i t s  v i a b i l i t y  i f  allowed 

t o  dry out  a t  ambient temperatures (20-25'~) f o r  as l i t t l e  as 72 hours. 

Accordingly, provision must be made t o  e i ther  plant the seed out soon 

a f t e r  extraction or t o  store the seed i n  a high humidity environment. 

I A t h i r d  possib i l i ty ,  that  o f  permitting the seed t o  dry out slowly a t  

the normal seed storage temperature o f  !iOc p r io r  t o  stor ing it i n  a 

I sealed container a t  that  temperature was not investigated. This may 

prove useful i n  prolonging seed l i f e  but may not be pract ica l  f o r  a l l  

nurserymen since cofd room f a c i l i t i e s  are required. 

- 
The planting o f  f reshly extracted seed also presents practical problems 

especially where th i s  follows storage o f  the seed i n  the f r u i t .  It 

was found that  freshly extracted Empress mandarin seed i s  surrounded by 

a t i g h t l y  adhering gelatinous mucilage t o  which a range of fungi and 

bacteria are attracted. These inicro-organisms eventually invade the 

seed causl'ng loss o f  v iab i l i t y .  



I n  order t o  remove the  mucilage, seeds need t o  be r insed i n  a sieve 

under a tap f o r  4 minutes t o  achieve sa t i s fac to ry  resu l ts .  I t i s  a 

p rac t i ca l  method capable o f  app l ica t ion on a la rge scale by nurserymen. 

Rinsed seed should be soaked f o r  8 minutes i n  a 10 per cent. so lu t ion  

o f  8-hydroxyquinolene sulphate (Mergal ) , be a1 lowed t o  surface dry  and 

thereaf ter  can e i t he r  be planted d i r e c t l y  o r  be stored i n  a sealed con- 

t a i ne r  a t  5'~. O f  a l l  storage treatments, low temperature ( 5 ' ~ )  proved 

best f o r  the maintenance o f  seed v i a b i l i t y .  

Although extracted and r insed seed was preserved by 8-hydroxyquinoline 

sulphate i t  i s  l i k e l y  t h a t  other chm ica l s  could be used w i t h  s im i l a r  

e f fec t .  For example, tetramethyl thiuram d isu l  phide (~rasan) i s  

recommended i n  the U.S.A. although i t  was not ava i lab le  f o r  experiments 

' *  reported on i n  the tex t .  Also, benomyl f ien la td i  gave good resu l t s .  

However, the seed fungic ide commonly used i n  South Afr ica, phenyl 
\' 

mecuric acetate ( ~ r i g o s a q ,  was found t o  ac tua l l y  depress Empress man- 

da r in  seed v i a b i l i t y  during storage. I t s  e f f e c t  on the v i a b i l i t y  o f  _- 
h'*7 other rootstock c u l t i v a r s  was not  tested bu t  the p o s s i b i l i t y  ex is ts  t h a t  - - - -A 

Empress mandarin seed i s  more sens i t ive  t o  the harmful s ide-ef fects o f  

mecuric fungicides than the seed o f  other cu l t i va rs .  

D i f f i c u l t i e s  i n  quan t i ta t i ve ly  determining the content o f  GA-1 i k e  sub- - 
stances i n  developing Empress mandarin seeds were encountered. However, 

it was possib le t o  show t h a t  changes i n  the  amount o f  GA-like substances 

, do occur dur ing Empress mandarin seed ontogeny. Nevertheless, attempts 

t o  i s o l a t e  and quant i fy  the GA present i n  developing c i t r u s  seeds were 

no t  e n t i r e l y  successful. I n  fu tu re  attempts, use should be made o f  - 
the a lka l ine  hydrolys is o f  seed ex t rac t  p r i o r  t o  pu r i f i ca t i on .  A l te r -  

nately, o r  i n  add i t i on  t o  t h i s  seed homogenates should be t reated w i th  

p ro teo l y t i c  enzymes t o  convert bound forms of GA i n t o  measurable ac id i c  
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e thy l  acetate-soluble GA-like substances. These bound forms o f  GA 

may account f o r  a la rge proport ion o f  the GA present i n  mature seeds. 

Photofluorometric methods were no t  successful f o r  GA detec t ion i n  

seed ext rac ts  owing a t  l eas t  i n  p a r t  t o  d i f f i c u l t i e s  i n  pu r i f y i ng  GA 

from a l l  the i n t e r f e r i n g  compounds present. Bioassays should pre fer -  

1 ab ly  be used f o r  such analyses though gas- l iquid chromatography may , - ' prove even more r e l i ab l e .  I t  i s  suggested t h a t  f u t u re  studies f o l l ow  
9 ____IC 

changes i n  the neutral,  ac i d i c  e thy l  acetate and acid-butanol f r ac -  

t i ons  o f  maturing seeds. The nature o f  bound g ibbere l l i ns  and t h e i r  

interconversions t o  f ree  forms dur ing seed maturat ion w i l l  a lso  con- 

s t i t u t e  an important fu tu re  study. 



maintenance o f  regular watering to prevent seeds incubated a t  

temperatures o f  36 '~  from drying out could be expected t o  create d i f -  

f i cu l t i es .  A su f f i c ien t ly  rapid germination ra te  was achieved a t  

3 0 ' ~  without t h i s  being accompanied by a high incidence o f  seed mor- 

t a l i t y .  A suitable means o f  a r t i f i c i a l l y  creating seed-bed s o i l  

temperatures i n  t h i s  range without the r i s k  o f  rapid so i l  desiccation 

occurring would be by the use o f  p las t ic  tunnels. These would be 

par t i cu la r ly  useful i n  the cooler production areas such as Rustenburg 

and the Eastern Cape where temperatures during the comnercially ideal 

seed germination period (winter) are frequently below the germination 

minimum (f 13'~). 

The nature o f  ear ly seedling growth i s  also very dependent on tempera- 

ture. f luctuat ing temperatures probably favour heal thy seed1 ing 

growth since there i s  evidence that  root  developllent i s  stimulated by 

temperatures lower than the optimum f o r  the aer ia l  plant parts. 

The dramatic e f fec t  o f  temperature upon the ra te  o f  seedling growth as 

shown i n  the growth analysis study places further emphasis on the need 

f o r  temperature modification t o  be introduced i n t o  nursery seedbeds. 

The constant temperature conditions under which the experimental seed- - 
lings were grown may have exaggerated growth ra te  differences o f  seed- 

l i n g s  produced a t  20, 25 and 30'6. Nevertheless, i t  i s  l i k e l y  that  

nurserymen i n  the cool production areas would benef i t  greatly by being 

able to raise daytime temperatures i n  t h e i r  seedbeds during l a t e  

winter and spring to  between 25 and 30'~. 

However, where seedbed temperatures are a1 lowed t o  remain constantly i n  

the 25-30°c range under conditions o f  low humidity and high l i g h t  in- 

tensity, weak though rapid seedling growth may occur because under such 
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condit ions increases i n  the ra tes  of dark and photorespirat ion cause 

rap id  u t i l i z a t i o n  o f  synthesized carbohydrates leading t o  diminished 

ava i lab le  reserves. This could p a r t l y  account f o r  the poor t rans- 

p l an t  a b i l i t y  a t  ce r ta in  times o f  the  year o f  nursery t rees grown i n  

ho t  areas such as Messina and Malelane. Temperatures i n  unsealed 

p l a s t i c  canopies are known t o  drop s tead i l y  w i th  ambient temperatures 

a t  n ight .  Thus the deplet ion o f  carbohydrates would probably be a 

less serious problem i n  c i t r u s  seedlings grown i n  cool areas under 

p l a s t i c  canopy than where seedlings are grown i n  hot production areas 

i n  the open. Further growth analysis studies on a wide va r i e t y  o f  

c i t r u s  rootstock and scion c u l t i v a r s  would be valuable i n  c l ass i f y i ng  

t h e i r  r e l a t i v e  photosynthetic character is t ics .  This informat ion 

could be used i n  designing breeding experiments aimed a t  developing 

c u l t i v a r s  w i t h  a good bearing po ten t ia l  f o r 0  t r op i ca l  areas t o  

which the comnon comnercial c i t r u s  c u l t i v a r s  are not  we l l  suited. 

As a r e s u l t  o f  the studies reported on i n  the preceding chapters i t  

should now be possible f o r  nurserymen t o  achieve both rap id  and even 

Empress mandarin seed germination. This w i l l  have a d i r e c t  bearing 

on the  a v a i l a b i l i t y  t o  growers o f  a rootstock which i n  terms o f  i t s  

vigour and tolerance t o  gumnosis i s  i d e a l l y  su i ted t o  ce r t a i n  con- 

d i t ions.  

w 

Attempts t o  ex t rac t  and quant i fy  the leve ls  o f  GA i n  Empress mandarin 

seeds were not  e n t i r e l y  successful. Nevertheless , the study i 1 lus -  

t r a t ed  many o f  the d i f f i c u l t i e s  which can be encountered i n  an inves- 

t i g a t i o n  o f  t h i s  kind. By so doing, i t  has provided fu tu re  workers 

i n  t h i s  spec i f i c  f i e l d  w i th  a l i s t  o f  h i n t s  which, if followed, should 

prove o f  some value i n  improving the accuracy o f  t h e i r  resu l ts .  



'he seedling growth analysis work has provided a foundation upon which 

.o base sound methods f o r  f u t u re  invest igat ion o f  t h i s  kind. Impor- 

.ant work s t i l l  t o  be conducted includes the  determination of the  

f f e c t  o f  exogenously appl ied GA upon shortening the t ime required f o r  

eedlings o f  slow growing cu l t ivars ,  such as Empress mandarin, t o  

,each budding height. I t has also set the  stage f o r  de ta i l ed  studies 

o.be made on the e f f e c t  o f  temperature f l uc tua t ions  upon the ra tes  o f  

o o t  and shoot growth, the frequency and durat ion o f  growth f lushes 

nd the leve ls  o f  carbohydrate reserves present a t  d i f f e r e n t  stages o f  

eedl ing growth. Work o f  t h i s  k ind  should lead t o  explanations f o r  

he di f ferences i n  the t ransp lant  success achieved a t  d i f f e r e n t  times 

l f  t he  year and enable nurserymen t o  plan t h e i r  operations w i th  t h i s  

n mind. 

Work o f  the k ind conducted i n  t h i s  study should be continued i n  a 

f u r t he r  e f f o r t  t o  make a meaningful con t r ibu t ion  towards f u l f i l l i n g  

the primary object ive o f  South A f r i ca ' s  C i t rus  Improvement Programme, 

viz., t o  achieve the highest standards i n  c i t r u s  nursery t r e e  

production. 



SUMMARY 

Seed o f  the cu l t i var  Empress mandarin, Citrus raticuZata (Blanco) was 

germinated i n  so i l  and on an a r t i f i c i a l  medium a f te r  receiving various 

storage and pre-germination treatments designed t o  uncover the major 

factors responsible for i t s  character ist ical ly poor gennination. 

Concurrently, attempts were made t o  estimate the significance o f  

changes i n  GA levels i n  the developing seed and the i r  possible 1 ink 

with seed germinabil i ty. F inal ly  a comparison between the seedling 

growth characteristics o f  Empress mandarin and two other comnon c i t rus  

rootstock cul t ivars was made. 

Seed stwage c0ndStions and pre-germination treatments were found to  

daainate the response o f  Enrpress mandarin seeds t o  conditions favor- 

able for germination. Seed stored i n  the f rui t  ge-minated be5ter than 
--. ---* . .- .. 

seeid stored a f te r  berng extracted; Chemically untreabd seed w seed 

slsred Tn f r u i t  which had not recefved any post-harvest waste control 

trtiatment g&ve 2i 'poor mean geriniJnati,on percentage (50,5 per cent.) but 

not  as 'low as that  o f  e i ther  treated or untreated seed stored a t  

afnbieiit temperature (45,l per cent,.). Conversely h%ghest rn-n .ge.m.i,na- 

tion ,perr;en't&ges were gTvn by seeds stored a t  5 ' ~  (84,6 ,per cent.). 

,.. 
- 

Unlike the seeds o f  many other p lant  species, ttte v i a b i l i t y  o f  Empress 

mandarin seed was found t o  be best retained by the prevention o f  

desiocatton. This was achieved by the use o f  freshly extracted seeds 

Pram f resh f r u i t s  o r  frm f r u j t s  stored under sui table conditions. 

Good results were also obtained from extract&, moist, seed which had 

been stored i n  sealed containers. The l a t t e r  method, however, usually 

l e d  t o  the build-up o f  and invasion by seed-des+raying fungl. Fungal 



developnent was reduced and seed v i a b i l i t y  over extended periods in -  

creased by f i r s t  r i n s i n g  from the seed surface the s t i c ky  f r u i t  pulp 

mucilage which characterizes f resh ly  extracted Empress mandarin seed. 

Fungal development was f u r t he r  r e s t r i c t e d  by the chemical treatment 

o f  seed p r i o r  t o  storage w i th  10 per cent. 8-hydroxyquinolene sulphate 

j i e r g a l j  fol lowed by storage a t  a low temperature (5'~). The storage 
, 

o f  seed i n  i t s  own j u i c e  o r  a f t e r  treatment w i th  phenyl mecuric 

Pre-gemination GA seed soak treatments a t  50, 250. 1 000 and 5 000 

f i n a l  germination percentage. S im i la r  e f f ec t s  were produced by 24 

hour leaching o f  seed i n  running tap water and by removal o f  both seed 

coats. None o f  these treatments, however, were considered o f  f u t u re  

p rac t i ca l  value. 

Temperature was found t o  have a marked e f f e c t  on the r a t e  o f  Empress 

mandarin seed germination. Fastest i n i t i a l  germination was given a t  

a constant temperature o f  3 6 ' ~  bu t  the f i n a l  germination percentage o f  

seeds germinated a t  30°c was higher. Only 20 per cent. o f  seeds 

incubated a t  1 5 ' ~  germinated over a 38 day period. I n  cooler  c i t r u s  

production areas, p l a s t i c  tunnels may o f f e r  a means o f  a t t a i n i ng  

s a t i s f a c t o r i l y  h igh germination temperatures dur ing those times o f  the 

year t h a t  temperatures normally drop below the growth minimum. 

The spectrophotofluorometric measurement o f  GA extracted from Empress 

mandarin seeds was unsuccessful but  be t t e r  r e s u l t s  were obtained by 

bioassay methods. O f  these, the bar ley endosperm bioassay proved 

most useful.  Changes i n  the GA content o f  developing seeds frwn 1,8 

X 1 0 - 9 0  8,O X ug ~ d g - '  mass f resh  seed were measured bu t  
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ext rac t ion methods d i d  not  account f o r  bound g ibbere l l ins .  Measure- 

ments o f  changes i n  the l a t t e r  together w i t h  changes i n  the neut ra l  

ac id  e thy l  acetate and ac id  butanol f rac t ions  would have given more 

r e a l i s t i c  resu l ts .  

Using modi f ied growth analysis techniques the  absolute growth rates, 
- 

tWe mean r e l a t i v e  growth ra tes  (RGR) and mean net ass imi la t ion ra tes  
- 

(NAR) were calculated f o r  Empress mandarin, rough lemon and t r i f o l i a t e  

orange seedlings ra ised over a 4 month per iod a t  constant growth 

temperatures o f  20, 25 and 30'~. Over a l l  temperatures the absolute 

growth r a t e  o f  rough lemon was higher than t h a t  o f  the other two 
- 

cul t i va rs .  However, taken over a l l  three temperatures the RGR values 

f o r  Empress mandarin were higher than those o f  rough lemon o r  t r i f o l i a C e  
- 

orange. A l l  RGR values obtained f e l l  w i t h i n  the range o f  0,75 t o  
I 

2,909 100g" day obtained by Monselise (1951). 

- 
NARs were lowest f o r  the rough lemon seedlings which grew f as tes t  

(1,659 m-2 day) and highest f o r  slow growing t r i f o l i a t e  orange seed- 

l i n g s  grown a t  the lowest temperature (8,019 m-2 day). The l a t t e r  

value indicates t h a t  the photosynthetic e f f i c i ency  o f  t r i f o l i a t e  

orange i s . s i gn i f i can t l y  greater than t h a t  o f  rough lemon although the  

u t i l i z a t i o n  o f  assimilates as measured i n  tenns o f  absolute growth 

r a t e  was greater f o r  rough lemon. A combination o f  greater photo- 

synthet ic  e f f i c i ency  and rap id  u t i l i z a t i o n  o f  assimi lates w i t h i n  a 

s i ng l e  c u l t i v a r  could produce a rootstock c u l t i v a r  o f  exceptional 

qua l i ty .  

A r i s ing  from the  germination studies, i t  should now be possible f o r  

a l l  nurserymen t o  achieve both r ap id  and even Empress mandarin seed 

germination. This w i l l  serve t o  make more r e a d i l y  ava i lab le  t o  



growers a rootstock which i s  i d e a l l y  sui ted t o  ce r ta in  environmental 

and s o i l  condit ions. 

Attempts t o  ex t rac t  and quantify GA i n  Empress mandarin seeds were not  

a l together successful. However, as a r e s u l t  o f  the study any fu tu re  

work conducted on t h i s  spec i f i c  subject  should bene f i t  from the  

suggested means of overcoming some o f  the d i f f i c u l t i e s  which were en- 

countered. 

The growth analysis study has cleared the  way f o r  fu tu re  invest igat ions 

i n t o  the many fac to rs  in f luenc ing the patterns o f  seedling growth. 

Such studies would be useful  i n  determining optimum transplant  times 

and i n  t h i s  and other ways, would enable c i t r u s  nurserymen t o  produce 

healthy t rees i n  a shorter  time. This w i l l  be o f  benef i t  t o  both the 

nurserymen and the c i t r u s  industry. 

I 
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APPENDIX TABLE 1 Comparison between the seed v i a b i l i t y  

obtained by the  2, 3, 5-Triphenyl 

Tetrazolium ch lor ide (T T C )  method 

and a standard germination method on 
two rootstock c u l t i v a r s  (angular 

3 transformed data) l,(& &lat 7 ,  - / 

(Percentage Germination) 

poncirus trifotiata Empress mandarin 

T T C  Standard T T C  Standard 

100 100 100 85 

95 90 100 100 

95 75 95 90 

100 70 100 70 

75 95 90 75 

85 75 95 95 

95 90 100 90 

90 80 100 100 

95 70 100 85 

90 75 100 80 

Mean 92,O 82 98 87 

14*1 **p = 0,Ol 9'2 HS t (18 D.F.) = - t (18 D.F.) = ~ ; 1 ~ s  4,27 





APPENDIX TABLE 3 The e f fec t  o f  water leaching Empress mandarin seed f o r  24 hours upon germination 
r a t e  

S.E.  L.S.D. (5%) L.S.D. (1%) 

Body o f  tab le  0,9 2 ,6 3,4 
Leach treatments 1,4 4 , l  5 $4 
Days a f t e r  planting 3,2 9 $1 12,O 

CV = 12,24% 



APPENDIX TABLE 4 E f fec t  o f  seed soaks i n  solut ions contain ing 

; various leve ls  o f  GA3 upon the geminat ion 
r a t e  of Empress mandarin seeds 

I I I I I I I I I 

Means 14.8a 22,6b 46,Oc 77,Od 112,2e 129,2f 138,Og 

Means i n  any v e r t i c a l  o r  hor izontal  column no t  fol lowed by the same 

l e t t e r  are s i g n i f i c a n t l y  d i f f e r e n t  a t  P = 0,05. 

S.E.'s and L.S.D.'s 

. S.E. L.S.D. (5%) L.S.O. (1%) 

Body o f  tab le  1,79 3  ,OO 4.0 
GA treatment 2,03 5,7 7,5 

Days a f t e r  p lan t ing  2,40 6,7 8,9 



APPENDIX TABLE 5a Gemination rates o f  Empress mandarin seed at 
three temperatures 

APPENDIX TABLE '5b Percentage germination o f  Empress mandarin seed 
at 7 temperatures 
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