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n u m b e r  of samples  f r o m  more  variet ies  will be useful  in 
ver i fy ing  the  observed  var ia t ions .  
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, Sunflower Oil 
Head Rot 

Quality and Quantity As Affected by Rhizopus 
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Research Center, Bushland, TX 79012, and D.C. ZIMMERMAN, AR, 
USDA, North Dakota State University, Fargo, ND 58102 

A B S T R A C T  

Sunflower seed (Heliantbus annus L.) from plants infected with 
head rot caused by Rbizopus spp. exhibited serious oil quality 
problems. Free fatty acid content of this oil was 19.4%, compared 
with 0.8% for oil from seed of healthy plants. Oil from diseased seed 
was also higher in palmitic, stearic, arachidic, behenic and lignoceric 
fatty acids. In addition, diseased plants yielded only 81% as much 
seed and only 55% as much oil. 

I N T R O D U C T I O N  

A l t h o u g h  his tor ica l ly  cons ide red  a disease of  l i t t le  conse-  
q u e n c e  (1,2),  head  ro t  of  sunf lower  (tleliantbus annuus L.) 
caused  by  Rbizopus spp. ( p r o b a b l y  R. arrbizus Fischer)  
r educed  yield up to 60% in some fields in Texas  in 1977. 
T h e  increas ing inc idence  of  p lan ts  in fec ted  with R h i z o p u s  is 
largety due to p o o r  insect ic idal  con t ro l  of  the  sunf lower  
m o t h  [Homoeosoma electellum (ttulst)] (3,4).  Feeding  by 
larvae of  this  m o t h  pred isposes  the  head  to Rh izopus  
in fec t ion .  

Li t t le  is k n o w n  a b o u t  the  effects  of  th is  disease on oil 
qua l i ty  in sunf lower  (2 ,5 ,6) .  Our  objec t ives  were to more  
a d e q u a t e l y  def ine oil qua l i ty  of  in fec ted  heads,  and  to 

de t e rmine  the  i m p a c t  of this  disease on oil and  achene  
yields. 

M A T E R I A L S  A N D  M E T H O D S  

One h u n d r e d  'Hyb r id  896 '  sun f lower  heads  in fec ted  with 
Rh izopus  head  ro t  and  c o n t a i n i n g  sunf lower  m o t h  larvae 
were haves ted  f r o m  our  sun f lower  nursery  at  Bush land ,  
Texas,  in Ju ly  of  1977. t t eads  f r o m  hea l thy  p lan t s  in the  
same nursery served as con t ro l s .  All heads  harves ted  
appeared  to have physio logica l ly  ma tu re  seed. Head 
d i ame te r  was d e t e r m i n e d  for  each head ,  as well as pe rcen t  
of  the  head  covered  with R h i z o p u s  in fec t ion  and  insect  
frass. These  t w o  la t te r  m e a s u r e m e n t s  will subsequen t ly  be 
referred to as p e r c e n t  Rh izopus  and pe rcen t  frass. Seed 
samples  were t a k e n  f r o m  three  areas of  the  heads:  (A) the  
Rh izopus - in f ec t ed  pa r t  of  the  head ,  (B) a p o r t i o n  of  the  
head  covered  on ly  with frass f r o m  feeding larvae of  the  
sunf lower  m o t h ,  and (C) f rom a hea l thy  po r t i on  of  the 
head  (no  R h i z o p u s  or frass ev ident ) .  The samples  were 
t aken  by  press ing a r o u n d  steel c o n t a i n e r  (5 cm d iamete r )  
in to  the  u p p e r  surface of the  sunf lower  head.  All seed 
wi th in  the m a r k e d  circle c o m p o s e d  the sample .  Fresh 

TABLE I 

Measurements of Sunflower Seed from (A) Rhizopus-lnfected Part of Head; 
(B) Area of Head Covered with Frass from Sunflower Moth Larvae; (C) 
Uninfected, Nonfrass Area; and Seed from Healthy Plants (Control) 

Area of Rhizopus-infected head 

Healthy 
A B C control 

Fresh weight of 100 seed (g) 9.2 b d 11.1 c 11.8 d 6.6 a 
Dry weight of 100 seed (g) 4.1 a 4.1 a 4.4 a 5.2 b 
Achene oil content ~%)a 27.7 a 31.3 b 32.8 b 44.8 c 
Oleic fatty acid (%)b 49.8 b 50.4 b 51.6 b 43.7 a 
Linoleic fatty acid (%)b 35.3 a 34.3 a 32.9 a 43.8 b 
Free fatty acid (%)c 19.4 b 0.6 a 0.6 a 0.8 a 
Unfilled achenes (%) 5.7 b 1.7 ab 1.6 ab 0.0 a 

aDry-weight basis. 
bExpressed as a percent of oil and determined by refractive index method. 
CExpressed as a percent of oil. 
dMean values on each line followed by a common letter are not  significantly different 

according to Duncan's multiple range test (0.01). 
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weight of seed from each area was determined,  and sub- 
samples were dried at 130 C for 3 hr. Oil contents were 
determined on dried seed with a Newport  NMR analyzer 
(7). The precision of  the NMR analyzer with the 2 min 11 
sec intergration time was -+ 0.1%. Dry weight of 100 seed 
and percent unfilled seed were also determined ~m the 
oven-dry samples. Seed and oil yield reductions were 
determined by comparing the average of the three port ions 
of the infected plant  with the heal thy plant yields. 

Fatt)- acid composit ion of  seed oil was est imated by two 
methods.  Oil for  the refractive index method (8-10) was 
obtained by pressing seed in a 2.54 em stainless steel 
cylinder and piston assembly. Oil exuded from the bo t tom 
of  the piston was picked up on a small glass rod and applied 
to the prisms of  a Bausch and Lomb Abbe 3-L refracto- 
meter equipped with a circulating water temperature 
control  mechanism, and refractive index was determined. 
Oleic acid and linoleic contents  of the oil were calculated 
using the formulas developed by Goss (9). Samples from 
the three areas of each head and control  seed from healthy 
plants were analyzed�9 The experimental  design was a 
complete block, and significant means were identified with 
Duncan's multiple range test. 

Fa t ty  acid composit ion of solvent-extracted oil was 
determined by gas liquid chromtography (11). An elec- 
tronic digital integrator was used to determine the amounts 
of individual fat ty acids. In these analyses, only sccd 
samples from the Rhizopus area and from the healthy area 
of each infected sunflower head were analyzed. A paired-t 
rest was used to test for significance between samples. 

We est imated oil quali ty deter iorat ion by  dctcrmining 
percent  free fat ty  acid from oil samples from the three 
areas of each infected head and from seed of healthy plants. 
Oil obtained by pressing the seed was dissolved in hot  
isopropyl alcohol and t i t ra ted with 0.003 N alcoholic 
NaOIl  with phenophthalein as an indicator.  Percent free 
fatty acid was calculated and differences among treatments 
were evaluated with Duncan's mult iple range test. 

Simple correlations (n = 100) were calculated for (1) 
percent  Rhizopus with head diameter ,  (2) percent  Rhizopus 
wifll percent  frass, and (3) percent  frass with head 
diameter. 

RESULTS AND DISCUSSION 

Oil Quality 

The oil produced in infected heads had serious quali ty 
problems. Of major  concern is the elevated level of free 
fat ty  acids (Table I). The degree of  rancidity indicated by 
the level of free fat ty  acids would contr ibute  a sermus 
problem even if only a few plants were infected. Evidently 
this effect of  disease on free fatD~ acids was not  systemic 
because seed from uninfected parts of the head were 
normal in free fa t ty  acid content�9 

Fatty, acid composi t ion of oil (which determines suit- 
abili ty for different uses) was also altered by this disease. 
The proport ions  of  oleic and linoleic fa t ty  acids were not  
significantly changed as determined by gas chromatography 
(Table II). However, the total  percentages for these two 
acids were 76.8 for diseased and 86.1 fc~r the uninfected 
portions of the head. The amount  of oleic was increased 
and the amount  of Iinolcic was decreased according to  deter- 
minations made by the refractive index method (Table 1). 
According to that  analysis, each fatty acid in samples from 
all three parts of the head differed significantly from that  
of the healthy control.  Although more samples were 
analyzed, this method of determinat ion probably had more 
error than the gas chromatography method.  Two possible 
sources of  error in using this me thod  were, first, that the 
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formulas used to calculate the percentages had been deter- 
mined on samples higher in unsatura ted fa t ty  acids. Second, 
some diseased samples contained suspended foreign 
particles which caused the oil to be unclear. Oil in diseased 
seed was also higher in palmitic,  stearic, arachidic, behenic 
and lignoceric fa t ty  acids than in seed from the uninfected 
parts of  the same heads as determined by gas chromatog- 
raphy.  The effects of these al terat ions on oil quali ty is not  
well defined. 

Seed and Oil Yield 

Generally,  all seed samples from infected plants were higher 
in moisture con ten t  (Table I). We believe this high moisture 
was a secondary disease effect and that  it does no t  indicate 
immature  seed development .  T h e  Rhizopus infect ion must  
have interfered with the dry down of all seed on the head, 
whether  the seed were in the infected area or not.  Dry seed 
weights were reduced on all areas of the heads of  plants 
infected with Rhozopus,  even on the por t ions  that 
appeared to be heal thy and that  were uninfected by larvae 
of the sunflower moth.  Dry seed weight for infected heads 
was 81% of that  for  heal thy heads. This seed yield decrease 
was less than expected  based upon field observations where 
60% yield reduct ions have occurred.  Possibly, t ime of 
infection and weather (especially humidi ty)  affect  the 
severity of  the disease. Because of  the added effect  of  low 
seed oil content  from infected heads, diseased plants 
yielded only 55% as much oil as heal thy plants. Thus, both 
weight of seed as well as oil percentage of seed were re- 
duced significantly.  

Percent unfil led achenes was greatest in the samples 
from the Rhizopus-infected par t  of  the head. The frass- 
covered and uninfected areas were not  significantly dif- 
ferent  f rom the control  in this regard. The Rhizopus must  
have a t tacked some seed prior  to, or immediate ly  after 
ferti l ization, producing empty  pericarps. Later, the disease 
must  have had a systemic effect on seed in adjoining, but  
uninfected parts of  the head. This effect caused the reduced 
seed weights ment ioned above. 

Insect Damage and Disease Association 

The average percent  of the sampled heads covered with 
Rhizopus and the percent  covered with frass were 29.4 and 

60.7, respectively. Percent frass was used to estimate the 
damage caused by the sunflower moth.  This measurement  
was posit ively correlated (r = 0.24) with disease damage 
(percent  Rhizopus).  This association between the insect and 
disease has been repor ted  (3), and is fur ther  verified by this 
data. Head diameter  was positively correlated with percent  
Rhizopus (r = 0.28) and negatively correlated with percent  
frass (r = -0.24). The reasons for these associations are not  
clear. 
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