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ABSTRACT 

Lengthening the  pho toper iod  under  which jojoba 
seedlings are grown from I2 hours to cont inuous  
light increases the average number  and ]ength of 
stems, the n u m b e r  of  leaves and the  length of  rater- 
nodes and the dry weight of leaves, stems, and roots 
per  plant .  The s immondsin  content  cf  leaves increases 
bu t  no t  tha t  of  roots.  

INTRODUCTION 
Natural  jo joba  populat ions occur  in the  Sonoran desert 
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be tween 22 and 34 N. lati*ude. Interest  m the culture of  
jojoba,  however,  is prevalent  much  far ther  to the south  as 
weal as t~ the nor th  of  this zone. While i t  is no t  difficul~ to 
find in these lati tudes which are areas with envi ronmenta l  
condi t ions  tha t  are similar to those prevailing in the natural  
hab i t a t  of  jo joba,  concern is highly just if ied regarding 
possible adverse effects of  varying photoper iods  on jo joba  
development  and product iv i ty  when it is grown outside its 
zone of natural  adaptat ion.  Oil-producing crops such as 
soybeans and sesame have specific adapta~qon to particular 
zones of  lat i tude,  and they  lose their  yielding abili ty when 
grown away from those (1,2). The abundance  of published 
in format ion  on the response of  annual species to varying 
photoper iods  is in s h ~ p  contrast  to the  complete  lack of 
in format ion  on the response of  perennial  woody species 
such as jojoba.  

Simmondsin  occurring in jojoba seed makes its meal 
unsui table  as animal feed, a l though it  contains  ca. 30% 
prote in  (3). Reduct ion of  s immondsin  by  genetic or cui- 
rural techniques  would enhance the economic appeal of 
jojoba, in format ion  on the possibility of  modifying the  
s immondsin  con ten t  of jojoba seed through genetic or 
envi ronmenta l  methods  is unavailable. Since jo joba  is n e w  
spreading to lati tudes bo th  to the  south  and to the  no r th  
of its na tura l  zone of  adaptat ion,  the effects of pho toper iod  
ou the  biosynthesis  of simmondxin need to be investigated. 
Data are presented m this  report  on the response o f j o j o b a  
seedlings to  three  photoper iods  in terms of bo tan ic  charac- 
teristics and sirnmondsin con ten t  of  leaves, stems a~d roots.  

mesh screen. Assay samples were prepared by soxhlet  
extract ing the  ground plant  material  with acetone,  evapora- 
t ion of  the acetone,  and redissolving the residues in mesh- 
anal. An aliquot of this  methanol ie  solution was diluted 
wi th  e thyl  acetate and washed th rough  a shots column of 
silica gel, a proccd~tre which removes highly polar and o ther  
plans materials which can interfere with assay (4). The 
eluant  from the  co lumn was evaporated to dryness and 
brought  to  a known volume wi th  methanol  for chroma- 
tographic analysis. 

Thin Layer Chromatography 
The TLC methods  used to assa~ the plant  ext racts  for 

s immondsln  (5) and s immondsin  2 -fcmlate (6,7) followed 
reported procedures (4). This me thod  is especially useful 
for s immondsjn  2~-ferulate which fluoresces blue under  UV 
light at 254 nm and where low concent ra t ions  can be 
detected.  

Liquid Chromatography 
High performance  liquid chromatograph~r was used to 

assay for s immondsin  and s immondsin  2-ferutate.  The 
HPLC system used here is an improvement  over our  previ- 
ously reported system (4). Condi t ions  for this system are as 
follows : 

Precoltlmn . . . . . . . . . . .  Parnell A, 37-75/.t, 3.2 x 40 mm 
Column . . . . . . . . . . . . .  Poracil A, 37-75~z, 3.2 x 500 mm 
Solvent . . . . . . . . . . . . . . . . . .  Acetonil tr i le:  water (9;1)  
Flow rate . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 ml]min.  
Chart  speed . . . . . . . . . . . . . . . . . . . . . . .  0.5 em/min.  
Tempera ture  . . . . . . . . . . . . . . . . . . . . . . . . . .  Ambien t  
Detector  . . . . . . . . . . . . . . . . . . . . . . . .  UV at 220 nm 
Reten t ion  . . . . . . . . . . . . . . . . . .  Simmondsin  ~9 .7  rain 

Simmondsin  21-ferulate ~6 .7  rain 

Assays for the  s tems and roots uti l ized the  (9:1)  aceto- 
n i t f i le /water  solvent. However,  for leaves the  solvent ratio 

MATERIALS AND METHODS 
A group of  32 seedlings of  jo joba  grown for  6 w eek s i n  

l i ter Dots under  similar condi t ions  in the greenhouse was 
placed in each of  3 growth chanbers set at constant  temper-  
atures of  30 C, light in tensi ty  at  2000 f.c. and photoper iods  
of  12, 1 8 a n d  24  hrs .  The seed used to grow these 
seedlings was obta ined from one maternal  plant  to  mini- 
m~ze genetic variabili ty among them. The seedlings were 
given normal  care in the  chambers,  and the  exper iment  was 
temrina ted  when they had been in the chambers  for 4 
months .  At tha t  t /me,  measurements  were taken on each 
individual  plant  on branching and on dry weight o f  stems, 
leaves and roots.  The plants  from each chamber  were then  
bulked so as to have 3 bulk samples for each chamber ,  i.e., 
stems, leaves, and  roots. Analyses were conduc ted  to 
measure s immondsin  content,  in these 9 samples u~ing the  
foliowillg p ra t e  dures~ 

Test Materials 
Samples of  the respective plant  tissues were ground in a 

labora tory  mill unt i l  ca. 75% could be brushed th rough  a 35 
FIG. 1. Jojoba seedlinss grow~ uader 12 hr (left)) 18 hr (center) 

and 24 hr (fight) photoperiod at termination of experiment. 
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"FABLE I 

Differences  in Botanica l  Charac te r i s t ics  and  8 i m m a n d s o n  Con' tent  in Leaves, Stems, and  
Roo t s  o f / o j o b a  Seedlings G r o w n  for  4 Months  u n d e r  12, l g  and 24 Hours  o f  Light  

Botanica l  charac te r i s t ics  a 12 18 

Hours  o f  l ight  

24 LSD(.PS) b 

No. o f  s t e m s  per  plant  4.1 3-9 4.9 
L e n g t h  o f  s t e m s  m each  p l an t  (era) I ,~. t 1 g. 3 24, 6 
No.  o f  leaves per plant  61.6  67 .6  89.7 
Leng lh  Of in le raode~  in each  plant  ( ram)  31.2 33.3 36.3 
Dry weigh t  o f  leaves (g) 4.3 4.5 5.9 
Dry weigh t  o f  s tems {g) 1. a 1 ~9 3. t 
Dry weight  o f  roo t s  (g) 1.1 1.2 1.6 

S immonds in  c o n t e n t  (%)e 

Leaves O. l 0.2 0,3 
S tems  0.1 0.2 0 .3  
Roots  0.3 0.3 0 .3  

0 .4  
2_2 
7.5 
t .1 
0.6 
0.S 
0 .a  

aMeans based on 32 individual  p lan t s  in each pho tope r iod .  
bLeas t  s ignif icant  d i f ference  at the 0.95 level o f  p robab i l i ty .  
c o n  a mois tu re  free basis. 
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FIG.  2. HPLC o f j o j n b a  seedl ing l e a f e x t r a c L  

was changed to (92.5:Z5} in order  to  ~mprove separation 
of  s immondsin  from a strong adjacent peak. Retent ion 
times in the lat ter  solvent are s immondsin  17.4 rain. and 
s immondsin 2'-ferulate 8.0 rain. 

RESULTS A N D  DISCUSSION 

Longer photoper iods  affected stems more than they did 
leaves and roots.  Each 6 hr  inc rement  in the pho topef iod  
resuited in a significant increase in bo th  stem and i n t emode  
length (Fig. 1, Table 1). Because of  lack of  repfication, 
statistical significance cannot  be  estimated for changes in 
s immondsin content .  Nevertheless, the  lat ter  increased in 
stems and leaves as photopef iods  became longer. Significant 
increases in n u m b e r  of  leaves per plant  and dry weight of 
leaves and roots  did no t  occur  except  when pho topef iod  
was ex tended  from 18 to 24 hr. 

Al though s immondsin  was present  in all of the  plant  
parts,  s immondsin  2'-ferulate was not  detected ei ther  by 
TLC or HPLC. Apparent ly  the lat ter  compound  occurs only 
in seeds, No a t t empt  was made ~o estimate whe the r  e i ther  
of  the secondary 2-eyanomethylene-cyelohexyl  glucosides 
were present  in these plant  parts (6). Levels o f s i m m o n d s i n  

in these p lant  tissues are relatively low compared to high 
levers found  in seeds. Levels in stems and leaves from these 
seedlmgs, except  in the  case of leaves growing under  con- 
t inuous tight, were lower than those found in stems and 
Ieaves of  older plants which were 0.63-0.71% and 0.19- 
0.23% respectively (4). 

IIPLC analysis of leaf extract  presented a problem using 
the acetonfffi le/water (9 :1)  elution solvent.  A substantial  
peak appeared with a re tne t ion  t ime very close to sim- 
mondsin,  which was observed as a shoulder  on the stronger 
peak. The acetoni tf i le]water  ( 9 2 s  solvent system was 
devised t6 separate these two peaks, for quant i ta t ion 
of  s imm0ndsin  as seen in Figure 2. It is conceivable that  
peak X represents a compound structural ly related to 
s immondsin,  perhaps a metabolic precursor,  This peak was 
less not iceable in HPLC scans o f  matt tre  p lant  leaves. The 
unknown  compound absorbs strongly at 220 nm and has a 
polarity similar to s immondsin.  The re tent ion of sim- 
mondsin  on the Poracil A absorbant ,  a silica, is targely 
determined by the glucose moiety,  which leads one to th ink  
that  compound  X may be a glueosidc also. 

Some commercial p lanta t ions  of  jo joba  are planted with 
greenhouse grown seedlings. The higher  ~ate of vegetative 
growth of seedlings under  cont inuous  light could have a 
practical application in accelerating the  rate of growth of  
commereial ly produced seedlings. 

A C K N O W L E D G M E N T  

The w o r k  at Anver  Dioseiellce Design WaS carried out  under  gr~nt 
no,  A E R 7 6 - 2 3 8 9 5  f r o m  the  Na t iona l  Seien~e Founda t ion .  

R E F E R E N C E S  

L Martin,  J,l.t,, ~nd W, FI. Leonard ,  "Pr incip les  o f  Field C~op 
P r o d o c t i o n , "  Macmil lan,  ~nd Ed.. 1967,  p, 30. 

2. Yermanos ,  D.M., W. Salceb, C.K. Labanauskaa ,  and G.C. 
Cavanagh.  JAOCS 4 8 ( 1 2 ) : 8 3 1  (197  i). 

3. Na t iona l  .Academy o f  Sciences,  " ' J o i n ) a , "  1977,  65 pp.  
4. V~rbiscar,  A.J. ,  and T.I  r. Banigan,  J. Aerie. Food Chem.  

2 6 : 1 4 5 6  (197S).  
5. Elliger, C.A., A.C. Waiss, and  R.E. L u n d i n ,  J. Chem. Sac.  Perk 

Trans.  1 No. 1 9 . 2 2 0 9  (1973) .  
6. Elliger, C.A.,  A.C. Waiss, and  R,}2. Lund in ,  Phy toehem.  

13 :2319  (1974).  
"7. Verbisear ,  A.J. ,  and  T.F+ Banigan, Proceedings  o f  a Conference  

"Nonconver~t ions l  Prote ins  and  Food~ , "  herd O c t o b e r  l g - 2 0 ~  
197'7, On iwrs i t y  o f  Wisconsin, publ .  b y  Nat ional  Science 
F o u n d a t i o n ,  1978,  I>P. 63-76.  

[ Received February 22, 1979] 


