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PEARL M I L L E T H E A D LENGTH IN R E L A T I O N T O I N D U C E D STRESS 

J . A P u d e l k o 1 , I .D. T e a r e 2 . and D.L. W r i g h t 3 

A B S T R A C T 

Pearl M i l le t [ P e n n i s e t u m q l a u c u m (L.) R. Br. , 
hyb r id H G M - 1 0 0 ] panic le l eng th is h igh l y cor re la ted 
w i t h gra in y ie ld . Our ob jec t i ve w a s to relate pear l 
mi l le t head l eng th w i t h t w o i n d u c e d s t r esso rs : 1) 
herb ic ide s t ress , and 2) p lan t dens i t y s t ress ( r o w 
w i d t h / s e e d i n g ra te) . Th is research w a s c o n d u c t e d 
on a Nor fo l k sandy l o a m loca ted on the No r th 
Flor ida Res. and Educ . C t r . . Qu incy FL. Prep lant 
app l i ca t ions of Dual w i t h 2 , 4 - D or A t r a z i n e , Ramrod 
alone or w i t h A t raz i ne s ign i f i can t l y (P < 0 . 0 5 ) 
increased head l eng th in t i l l and no- t i l l t r e a t m e n t . 
P r o w l and A t raz i ne inc reased head l eng th in t i l l 
t r e a t m e n t on l y . The m e a n head l e n g t h across r o w 
w i d t h s fo r the 6 Ib /A seed ing rate w a s s ign i f i can t l y 
shor te r t h a n the 2 and 4 Ib /A seed ing ra te . T h e 
mean head l eng th ac ross seed ing rates for the 5 
inch r o w w i d t h w a s s ign i f i can t l y g rea ter t han the 
15 and 3 0 inch r o w w i d t h . Th is i n f o r m a t i o n helps 
evaluate w h e t h e r pear l m i l le t head l eng ths shou ld 
be used to p red ic t g ra in mi l le t y ie ld unde r cer ta in 
imposed s t ress t r e a t m e n t s . 

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

Pearl mi l le t is a p o t e n t i a l l y - p r o d u c t i v e h i g h -
qual i ty gra in or s i lage c rop (Bu r ton et a l . , 1 9 8 6 and 
Kumar et a l . , 1 9 8 3 ) . It is g r o w n unde r l o w - i n p u t 
m a n a g e m e n t c o n d i t i o n s ( n o n c r u s t i n g sandy soi ls) 
w i t h l i t t le fer t i l izer and l im i ted w a t e r (Payne et a l . , 
1 9 9 0 ) . 

Teare et a l . , 1 9 9 4 , desc r ibe phys io log ica l 
s tage of d e v e l o p m e n t f o r each o f f o u r p lan t ing 
dates and re la ted p lan t i ng da te and w a t e r 
avai lab i l i ty t o p red i c t i ng gra in y ie ld f r o m head 
leng th m e a s u r e m e n t s . T h e y f o u n d tha t head 
ieng ths fo r 5 M a y , 17 M a y , and 15 J u n e p lan t ings 
accura te ly p red i c ted gra in head y i e l ds , bu t 15 J u l y 
p lan t ing p r o d u c e d less seed and smal le r seeds w i t h 
modera te l y long heads w h i c h w a s p robab ly re la ted 
to absence of po l l i na to rs ( b u m b l e bees , B o m b u s 
spp.) and la teness of the s e a s o n . T i m i n g , i n tens i t y 
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and d u r a t i o n of w a t e r s t ress a c c o u n t e d f o r 7 0 to 
8 5 % of the va r ia t i on in pear l m i l l e t g ra in y ie lds 
w i t h i n and ac ross years in o the r s tud ies 
( M a h a l a k s h m i et a l . , 1 9 8 8 ) . Cr i t i ca l g r o w t h s tages 
iden t i f i ed as be ing sens i t i ve to w a t e r s t ress w e r e 
f l o w e r i n g and gra in f i l l i ng . 

T w o p rep lan t he rb i c i des , Pursu i t and A c c e n t , 
have been r e p o r t e d to reduce g ra in y ie ld o f pear l 
mi l le t ( H G M - 1 0 0 ) 6 0 and 1 0 0 p e r c e n t c o m p a r e d to 
a h a n d w e e d e d c h e c k ( W r i g h t et a l . , 1 9 9 3 ) . 
H o w e v e r , t h e e f f ec t of he rb i c i de s t ress has n o t 
been r e p o r t e d in re la t ion to head l e n g t h I s u g g e s t e d 
by Pude lko et a l . ( 1 9 9 3 ) fo r e s t i m a t i n g pear l m i l le t 
g ra in y ie lds in sma l l research p lo t s a f ter b i rd 
p r e d a t i o n ] . 

The ob jec t i ve of th i s s t u d y w a s t o d e t e r m i n e 
the i m p a c t of ce r ta in i nduced -s t r esses [herb ic ide 
s t r ess , and p lan t d e n s i t y s t ress ( r o w w i d t h / s e e d l i n g 
rate) ] on pear l m i l le t t o head l e n g t h , w h i c h has 
been u s e d for p r e d i c t i n g pear l m i l l e t head y ie lds . 

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

These s tud ies w e r e c o n d u c t e d in 1 9 9 3 on a 
N o r f o l k s a n d y l o a m ( f ine , l o a m y s i l i ceous , t h e r m i c 
T y p i c Kand iudu l t ) l o ca ted on t h e N o r t h Flor ida 
Research and E d u c a t i o n Cen te r , Q u i n c y , F lor ida. 
The soi l has a c o m p a c t e d layer l o c a t e d 8 t o 14 
inches b e l o w the s u r f a c e . 

The pear l m i l le t h y b r i d u s e d in th i s ser ies of 
e x p e r i m e n t s w a s H G M - 1 0 0 , d e v e l o p e d as a grain 
pear l mi l le t by W . W . H a n n a ( 1 9 9 1 ) , T i f t o n , 
Geo rg ia . Pearl m i l le t seed w a s no- t i l l p l an ted ( in-
r o w subso i l ed s t r ip t i l lage) in a w e e d f a l l o w f ie ld 
w i t h a B r o w n Ro-Ti l i m p l e m e n t w i t h K M C p lan te rs . 

Herb i c ide S t u d y 

A he rb i c ide s t u d y on pear l m i l le t w a s 
c o n d u c t e d on a ve ry w e e d y f i e l d . Be fo re it w a s 
p l a n t e d , t he f ie ld w a s m o w e d and d i v i ded in to t w o 
equal p a r t s . One ha lve fo r c o n v e n t i o n a l t i l lage-
p lan t i ng and the o the r fo r n o - t i l l a g e - p l a n t i n g . The 
c o n v e n t i o n a l ha lve w a s subso i l ed to 1 2 - i n c h dep th 
on 1 2 M a y and S- t ine h a r r o w e d 2 J u n e . The no- t i l l 
par t w a s s p r a y e d w i t h G r a m o x o n e on 2 J u n e at the 
rate of 3 . 0 p t / A p r imar i l y f o r n u t s e d g e c o n t r o l . 



; a t m e r Rate per A 
Till System 
Head Length' 

No-Till System 
Head Length' 

Atrazine without oil 
Atrazine without oil 
Atrazine with oil 
Atrazine with oil 
Dual + 2,4 D 
Dual + 2,4 D 
Dual 4- 2 ,4 D 
Ramrod (42%) + 2 ,4 D 
Ramrod (42%) 4- 2 ,4 D 
Prowl + 2 ,4 D 
Prowl + 2 .4 D 
Dual + Atrazine with oil 
Dual + Atrazine with oil 
Ramrod 4- Atrazine with oil 
Ramrod + Atrazine with oil 
Prowl 4- Atrazine with oil 
Prowl 4- Atrazine with oil 
Check hand weed control 
Check without weed control 
Check without weed control 

1.5 lbs 
2 .0 pt 
1.0 lb 4- 1 ( , t 
1.5 lbs 4- 1 pt 
1.0 pt + 0.5 lb (a.i.) 
1.5 pts + 0.5 lb (a.i.) 
2 .0 pts 4- 0.5 lb (a.i.) 
3 .0 qt 4- 0.5 lb (a.i.) 
4.5 qt 4- 0.5 lb (a.i.) 
1.0 pt 4- 0.5 lb (a.i.) 
1.5 4- 0.5 lb (a.i.) 
1.0 pt 4- 1.0 lb 
1.5 pt + 1.0 lb 
3 .0 qt 4- 1.0 lb 
4 .5 qt 4- 1.0 lb 
1.0 pt 4- 1.0 lb 
1.5 pt + 1.0 lb 

0 .918 
0.930 
0.870 
0.870 
1.072 
1.070 
0.948 
1.010 
1.017 
0.910 
0.880 
1.253 
1.058 
1.102 
0.948 
0.918 
0 .975 
0.858 
0 .900 
0.908 

FCIII 
FCII 

III 
I I I 

BC 
BC 

EFG 
CDE 
CI) 

GUI 
III 

V 
BC 
B 

EFG 
FCIII 

DEF 
I 

GUI 
GUI 

0 .875 
0 .900 
0 .878 
0 .945 
1.100 
1.120 
1.085 
0.990 
1.005 
0.882 
0 .938 
1.075 
1.173 
0 .888 
1.058 
0 .865 
0 .900 
0 .889 
0.897 
0.905 

FG 
FG 
FG 

EF 
AU 
A13 

B 
DE 

C D E 
FG 

EFG 
B C 

A 
FG 

B C D 
G 

FG 
FG 
FG 
FG 

0.971 z 0.968 z 

On till only Ramrod 4- Atrazine 
with oil and Prowl postemer 
4 .5 qt + 1.0 lb 

O i ^ ^ o n l y Prowl + Atrazine 
with oil and Prowl postemer 
1.0 pt r 1.0 lb 

0.895 

0.898 

GUI 

GUI 

Mean vaiues in columns followed by the same letter are not significantly different at the 5% level of s ignif icance. 

Mean values in row followed by the same letter are not significantly different at the 5% level of s ignif icance. 

Cul tu ra l p rac t i ces c o m m o n to bo th t i l lage 
/ s t e m s w e r e : 1) the app l i ca t ion of 5 0 0 Ib/A of 5-
0 -15 fer t i l izer 2 1 J u n e , 2) pearl mi l let seed 
e a t m e n t w i t h Concep to " s a f e n " herb ic ide 
pp l i ca t ion (par t icu lar ly Dua l ) . 3) p lant ing on 2 3 
une f o l l o w e d by i r r iga t ion w i t h 3 / 4 inch of wa te r 
n the day of p l a n t i n g , 4) seeding rate of 4 Ib /A in 
lots 12 fee t by 2 5 fee t in 3 6 " r o w s (plant dens i ty 
f 1 6 6 OOO p lants per acre) , 5) band appl ica t ion of 
O lb N/A as a m m o n i u m n i t ra te appl ied t w o inches 
D the s ide of r o w on 21 J u l y , 6) spray ing w i t h 
annate fo r con t ro l of c o m e a r w o r m on 8 Ju l y , and 
) all p lo ts w e r e sp rayed w i t h 2 ,4 -D for broad leaf 

veed con t ro l on 16 J u l y . 

n t een p re -emerge herb ic ide t rea tmen ts 
ied in d i f f e ren t herb ic ide comb ina t i ons 

(Dual (Me to iach lo r ) , Ramrod (Propach lor ) , Prowl 
(Pend imetha l in ) , A t r az i ne , and 2 ,4 , -D) on 25 June 
(Table 1) . T w o p o s t e m e r g e n c e t r ea tmen ts of Prowl 
we re appl ied f o l l o w i n g p re -emerge app l ica t ions of 
A t r a z i n e , plus e i ther Ramrod or P row l in the til l 
s y s t e m on ly . One hand w e e d e d t r e a t m e n t and t w o 
t r e a t m e n t s w i t h o u t w e e d c o n t r o l comp le ted the 2 2 
t r e a t m e n t s used in th is s t u d y (Table 1). 

The expe r imen t w a s a spl i t p lo t des ign w i t h 
t i l lage sys tems as who le p lo ts and herb ic ide 
t r e a t m e n t s as sub -p lo t s . A l l t r ea tmen ts were 
rep l ica ted four t i m e s . Resul ts were sub jec ted to 
analys is of var iance and means were separated 
us ing Fishers Least S ign i f i can t D i f fe rence Test at 
the 5 % level of p robab i l i t y . 



R o w W i d t h / S e e d i n g Rate S t u d y 

The r o w w i d t h - s e e d i n g ra te s tudy w a s p lanted 
on 2 8 J u n e . R o w w i d t h s and seeding ra tes used in 
the s t u d y are s h o w n in T a b l e 2 . Plot size w a s 5 
feet w i d e X 2 5 f e e t l o n g . 

Cu l tu ra l p rac t i ces c o m m o n across all r o w 
w i d t h s and seed ing rates w e r e : 1) app l i ca t ion of 
5 0 0 l b / A of 5 - 1 0 - 1 5 be fo re p lan t i ng on 2 5 J u n e ; 2} 
app l i ca t ion o f a m m o n i u m n i t r a t e banded beside r o w 
at 5 0 lb N /A at 5 t h leaf s t age ( 1 0 J u l y ) , b o o t s tage 
(31 J u l y ) , and m i l k s tage ( 2 7 A u g ) ( to ta l N app l ied. 
1 5 0 l b / A ) ; and app l i ca t i on o f P row l + A t raz ine at 
1.0 and 1.5 l b / A , r espec t i ve l y on 3 0 June af ter 
p lan t ing and be fo re e m e r g e n c e (3 J u l y ) . 

P lant p o p u l a t i o n dens i t y (p lants per acre and 
p lan ts per l inear f o o t of r o w ) are s h o w n in Table 2 
fo r each seed l ing rate and r o w w i d t h . Note the 
u n i f o r m p lan t p o p u l a t i o n d e n s i t y across r o w w i d t h s 
( co lumns) and t h e inc reased number of p lants 
w i t h i n t he r o w as r o w w i d t h increased for each 
seed ing ra te . 

RESULTS A N D D I S C U S S I O N 

Herb ic ide S t u d y 

T i l lage s y s t e m s had no e f fec t on pearl mi l le t 
head l e n g t h (P < 0 . 0 5 ) (Tab le 1). N u m b e r of 
h e a d s / A is an i nd i ca t i on o f herb ic ide t r e a t m e n t 
s t ress . F igure 1 , w i t h he rb ic ide t r e a t m e n t s ordered 
in re la t ion to n u m b e r of h e a d s / A , s h o w s the l o w e s t 
n u m b e r of h e a d s / A or g rea tes t herb ic ide stress at 
t he le f t o f the X ax is and leas t herb ic ide st ress at 
the r igh t of the X ax i s . Herb ic ide t r e a t m e n t s and 
their numer i ca l c o d e s are s h o w n in Tab le 1 . In the 
t i l l s y s t e m (Fig. 1 ) , head l e n g t h s we re s ign i f i can t l y 
longer (P < 0 . 0 5 ) w i t h Dual and 2 ,4 -D t r e a t m e n t at 
t h e t w o l o w e r ra tes ( t r t 6 a n d 7 ) , Ramrod and 2 , 4 -
D ( t r t 8 and 9) , Dua l and A t r a z i n e ( t r t 1 2 and 1 3 ) , 
Ramrod and A t r a z i n e at the l o w e r rate ( t r t 13 ) , and 
P r o w l and A t r a z i n e ( t r t 17) than w i t h the n o -
herb ic ide app l i ca t i on t r t ( 1 8 . 1 9 , 2 0 ) . In the no- t i l l 
s y s t e m (F ig. 1) seed head l eng ths w e r e 
s i gn i f i can t l y (P < 0 . 0 5 ) l o n g e r fo r Dua l and 2 ,4 -D 
at all ra tes ( t r t 5 , 6 , and 7 ) . R a m r o d at all rates ( t r t 
8 and 9 ) . Dual a n d A t r a z i n e ( t r t 13 and 14) , and 
Ramrod and A t r a z i n e ( t r t 15) than fo r the n o -
herb ic ide a p p l i c a t i o n . W i t h t he excep t i on of t r t 1 4 
(Ramrod @ 4 q t / A and A t r a z i n e w i t h oil @ 1 l b / A ) . 
Dual and R a m r o d inc reased head leng ths and 
reduced n u m b e r of h e a d s / A . 

The t w o p o s t e m e r g e n c e t r e a t m e n t s in the t i l l 
s y s t e m , of R a m r o d and A t r a z i n e ( t r t 21 ) and P r o w l 
and A t r a z i n e ( t r t 2 2 ) , h a d no e f f ec t on pearl mi l le t 
h e a d l eng th (P < 0 . 0 5 ) . 

R o w W i d t h / S e e d i n g Rate S t u d y 

The e f f e c t of pearl m i l l e t popu la t i on dens i t y 
( p l an t s /A and p lan ts / l i near f o o t of r o w ) fo r each 
c o m b i n a t i o n r o w w i d t h / s e e d i n g rate are s h o w n in 
Tab le 2 . Popu la t i on d e n s i t y inc reased in r o w s f r o m 
le f t t o r i gh t a c c o r d i n g to seed ing ra te , b u t 
p o p u l a t i o n d e n s i t y in c o l u m n s f r o m t o p to b o t t o m 
ac ross r o w w i d t h s r ema ined c o n s t a n t . P lants / l inear 
f o o t of r o w inc reased fo r each r o w w i d t h f r o m lef t 
t o r i gh t and f r o m t o p to b o t t o m for all seed ing ra tes 
ac ross r o w w i d t h s (Table 3 ) . Popu la t ion dens i t y 
e f f e c t s on pear l mi l le t h e a d l eng ths are s h o w n in 
Tab le 3 . The m e a n head l e n g t h across r o w w i d t h s 
(Tab le 4) f o r the 6 l b / A seed ing rate w a s 
s i gn i f i can t l y sho r te r t h a n t he 2 and 4 l b /A seeding 
ra te (P < 0 . 0 5 ) . T h e m e a n head l eng th across 
s e e d i n g rates (Table 4) f o r t he 5 inch r o w w i d t h 
w a s s i gn i f i can t l y greater t h a n the 15 and 3 0 inch 
r o w w i d t h s (P < 0 . 0 5 ) . 

C O N C L U S I O N S 

1 . T i l lage s y s t e m s had no s i gn i f i can t e f f ec t 
on head l e n g t h . 

2 . P re -emerge app l i ca t i ons o f Dual and 2 , 4 - D ; 
R a m r o d ; Dua l and A t r a z i n e ; R a m r o d and 
A t raz ine inc reased head l eng th in t i l l and no- t i l l 
s y s t e m s . T h e P r o w l a n d A t raz i ne t r e a t m e n t 
increased head l eng th in t he ti l l s y s t e m on ly . 

3 . Pos t emergence t r e a t m e n t s of R a m r o d and 
A t r a z i n e and P r o w l a n d A t r a z i n e had no e f f ec t 
on head l e n g t h (P < 0 . 0 5 ) . 

4 . T h e m e a n head l e n g t h ac ross r o w w i d t h s fo r 
the 6 l b / A seed ing rate w a s s ign i f i can t l y 
shor te r t h a n the 2 and 4 l b / A seed ing rates (P 

< 0 . 0 5 ) . 

5 . T h e m e a n head l e n g t h s across seed ing rates 
fo r the 5 i nch r o w w i d t h w a s s ign i f i can t l y 
greater t h a n the 15 and 3 0 inch r o w w i d t h s (P 

< 0 . 0 5 ) . 

Th is k n o w l e d g e is u s e f u l fo r assess ing the 
va lue of the p red i c t i ve e q u a t i o n (Pude lko et a l . , 
1 9 9 3 ) for e s t i m a t i n g pear l m i l l e t head y ie ld of smal l 



Table 2. Plant population density (plants/A) and plants/linear foot of row 1 are shown for each combination seeding 
rate and row width. 

Seeding Rate 2 (lb/A) 

Row width 2 4 6 
(inches) 

5 | 89,000 172,000 264,000 
j (0.85) (1.65) (2.53) 

15 88,000 176,000 266,000 
(2.54) (5.06) (7.64) 

30 88,000 177,000 265,000 
(5.08) (10.16) (15.23) 

'Plants/linear foot of row in brackets 

Emergence rate approximately 55% of seeding rate 

Table 3 . Pearl millet head lengths1 in relation to row width and seeding rate. 

Seeding Rate (lb/A) 

Row Width 2 4 6 x 
(inches) 

5 | 1.013 0.995 0.998 1.002 A 

15 | 0.975 0.992 0.848 0.938 B 

30 | 0.970 0.955 0.895 0.940 B 

x | 0.986 A 0.981 A 0.913 B 

Mean values followed by the same letter are not significantly different at the 5% level of significance. 



research p lo ts af ter b i rd p reda t i on . In the decis ion 
mak ing p rocess , it is i m p o r t a n t to k n o w tha t Dual 
and Ramrod increase head length more than 
P row l . t ha t h igh seeding rates shor ten head leng ths , 
and tha t n a r r o w r o w s leng then heads leng ths . 
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