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P H Y S I O L O G I C A L D E V E L O P M E N T OF H G M - 1 0 0 T O 
P L A N T I N G D A T E A N D A V A I L A B L E W A T E R 

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

A B S T R A C T 

Phys io log ica l s ta tus in p lants is d y n a m i c w i t h 
soil w a t e r , a t m o s p h e r i c c o n d i t i o n s , and o n t o g e n y 
of the p lan t { ind ica ted by s tage of g r o w t h ) . Pearl 
M i l le t [Penn i se tum q l a u c u m (L.) R. Br., hyb r i d H G M -
100 ] is a n e w crop in the Sou theas t su i tab le fo r 
gra in or s i lage. Our ob jec t i ve w a s to descr ibe 
s tage of d e v e l o p m e n t of H G M - 1 0 0 in re la t ion to 
date of even t and avai lable wa te r for fou r p lan t ing 
dates t h r o u g h the s u m m e r g r o w i n g season . Th is 
research w a s c o n d u c t e d on a Nor fo l k sandy l oam 
loca ted on the N o r t h Flor ida Res. and Educ. C t r . , 
Qu incy FL w i t h H G M - 1 0 0 . S tage of d e v e l o p m e n t 
and ra in fa l l / i r r iga t ion even ts and a m o u n t s are 
descr ibed fo r f o u r p lan t ing dates in 1 9 9 3 for H G M -
1 0 0 . Seed size and p red ic ted gra in y ie lds we re 
related to a m o u n t of avai lable w a t e r and p lan t ing 
da te . The 17 M a y p lan t ing date p roduced the 
h ighes t p red i c ted gra in y ie ld ( 1 9 . 1 inches) and the 
15 J u n e p lan t ing date p roduced the l o w e s t gra in 
y ie ld . T h e l o w yie ld may have been due to lack of 
po l l ina tors (bumb le bees , B o m b u s spp. ) and n o t 
lack of w a t e r ( 1 8 . 2 inches) . The 5 M a y p lan t ing 
rec ieved the least w a t e r ( 1 6 . 4 inches) . 

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

K n o w l e d g e of p lan t , insec t and d isease 
o n t o g e n y in re la t ion to date o f p lan t ing date as a 
f u n c t i o n of g r o w t h s tages and env i r onmen ta l 
parameters make it poss ib le to c o m p a r e or t o 
comb ine l im i ted b i ts of k n o w l e d g e f r o m all over t he 
w o r l d to exp la in y ie ld p h e n o m e n a . 

H G M - 1 0 0 pearl mi l le t s y n c h r o n y w i t h date of 
p lan t ing and e x p e c t e d env i r onmen ta l changes , such 
as, avai lable w a t e r , day leng th and t e m p e r a t u r e ; 
and the i n te rac t i ons w i t h insect and disease cyc les 
m u s t be u n d e r s t o o d to ob ta in success fu l c rop 
y ie lds . These i n te rac t i ons have been de f ined as 
S y s t e m s A g r i c u l t u r e (Teare et a l . , 1 9 9 2 ) in recent 
years . 
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Pearl mi l le t is a po ten t i a l l y - p roduc t i ve h i g h -
qua l i t y gra in or s i lage c rop (Bur ton et a l . , 1 9 8 6 and 
K u m a r et a l . , 1 9 8 3 ) . It is g r o w n under 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 soils) 
w i t h l i t t le fer t i l i zer and l im i ted w a t e r (Payne et a l . , 
1 9 9 0 ) . 

H a t t e n d o r f et a l . ( 1 9 8 8 ) repor t tha t pear l mi l le t 
had the g rea tes t dai ly w a t e r use rate of the c rops 
s tud ied {pear l m i l l e t , s u n f l o w e r [He l ian thus annuus 
L.] , s o r g h u m [ S o r g h u m b ico lor ( M o e n c h ) , co rn (Zea 
mays L. ] , and s o y b e a n [G lyc ine max ( M e r r . ) ] } . Th is 
and t he k n o w l e d g e t ha t pearl mi l le t also had the 
g rea tes t leaf area index of these crops s u g g e s t t ha t 
pearl mi l le t has t he capac i t y fo r deep roo tedness , 
a greater n u m b e r of r oo t s and /o r the a t t r i bu te for 
increased r o o t i n g dens i t y (Dav is -Car ter . 1 9 8 9 ) . 

T i m i n g , i n t ens i t y and du ra t i on of w a t e r s t ress 
a c c o u n t e d fo r 7 0 to 8 5 % of the var ia t ion in pearl 
mi l le t gra in y ie lds w i t h i n and across years in o ther 
s tud ies ( M a h a l a k s h m i et a l . . 1 9 8 5 , 1 9 8 7 , and 
1 9 8 8 ) . Cr i t ica l g r o w t h s tages ident i f ied as being 
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 grain 
f i l l i ng . 

T h e ob jec t i ve of th i s s t u d y w a s to de te rmine 
the i m p a c t of da te of p lan t i ng on H G M - 1 0 0 pearl 
mi l le t pheno log i ca l even t s in re la t ion to insect 
ac t i v i t y and avai lab le w a t e r dur ing the 1 9 9 3 
s u m m e r g r o w i n g s e a s o n . 

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 
Nor fo l k sandy l o a m ( f ine , l o a m y s i l i ceous , t he rm ic 
T y p i c Kand iudu l t ) l o ca ted on the N o r t h Flor ida 
Research and Educa t i on 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 oca ted 8 to 1 4 
inches b e l o w the s u r f a c e . 

T h e pearl m i l le t h y b r i d used in th is series of 
expe r imen t s w a s H G M - 1 0 0 . deve loped as a grain 
pearl mi l le t by W . W . Hanna ( 1 9 9 1 ) . T i f t o n , 
Georg ia . Pearl mi l le t seed w a s no- t i l l p lan ted ( in-
r o w subso i l ed s t r ip t i l lage) w i t h a B r o w n Ro-TH 
i m p l e m e n t w i t h K M C p lan te rs . 



Table 1 . Planting dale , stage o f development , and 1/2" irr igation Tab l e 1 . Cont inued 

for calendar date and day o f year at Q u i n c y , F L , 1993. 

A n n u l A m o u n t 

Calendar Day of lrrigjitiun Calendar Day o f I r r igat ion 

Stage Description dale year (inches) Stage dale year ( I n d i e s ) 

P! Preirr igat ion 3 0 Apr i l 120 1/2 

P D , Planting date 5 M a y 125 
I I rr igat ion 7 M a y 127 1/2 

0 5 0 % Emergence 10 M a y 130 
1 I rr igation 14 M a y 134 1/2 PI 14 M a y 134 1/2 

1 Th i rd leaf visible 15 M a y 135 P D j + I 17 M a y 137 1/2 

I I rr igat ion 17 M a y 137 1/2 0 2 2 M a y 142 
2 Fif th leaf visible 21 M a y 141 1 27 M a y 147 1/2 

I I r r igat ion 27 M a y 147 1/2 1 3 0 M a y 150 

3 Panicle init iat ion' 3 0 M a y 150 I 8 June 159 1/2 

4 Flag leaf visible 5 June 156 2 9 June 160 

8 June 159 1/2 3 14 June 165 

5 Bool stage 12 June 163 I 17 June 168 1/2 

I I rr igat ion 17 June 168 1/2 4 21 June 172 

I I rr igation 2 2 June 173 1/2 I 2 2 June 173 1/2 

6 5 0 % stigma emerged 25 June 176 5 25 June 175 

7 M i l k stage, 1/2 length 10 July 191 6 14 July 195 

8 Dough stage, 1/2 length 19 July 200 7 3 A u g 215 

9 Black layer, 1/2 length 3 0 July 111 8 12 A u g 224 

8 6 : To' 9 16 A u g 226 
TR Total rainfal l \2.44 8 9 5 3~0> 

16.4* T R 1 6 . 1 " 
1 9 . 1 J 

1 Panicle initiation occurs when fifth leaf ful ly extended. 
3 Days from planting lo black layer formation al 1/2 length. 
3 Total i rr igat ion. 
4 Total rainfall dur ing growing per iod: P D , (1 M a y Lo 3 0 Ju ly ) , P D j 

(14 M a y 10 16 A u g ) , P D , (11 June to 5 Sept) , P D , (12 July lo 3 0 
Sept) 

' Tota l water during growing per iod . 



T a b l e 1. Cont inued. Tab le 1 . Cont inued. 

Amount Amount 

Calendar Day o f Irrigation Calendar Day o f Irr igation 

Stage date y « i r (inches) Suigc dutc year (inches) 

PI 8 June 159 1/2 

P D , 15 June 166 

0 20 June 17! 

I 22 June 173 1/2 

1 26 June 177 

2 30 June 131 

3 4 July 135 

4 14 July 195 

5 20 July 2 0 ! 

6 5 A u g 217 

7 17 A u g 229 

8 & I 24 A u g 236 1/2 

9 2 Sept 245 

S 6 ; 

T R 17.: 

13 .7 ' 

P D . 15 July 196 

0 21 July 2 0 2 

1 26 July 207 

2 3 0 July 2 ! 1 

3 5 A u g 217 

4 12 A u g 224 

5 19 A u g 231 

1 24 Aug 236 1/2 

6 27 Aug 2 3 9 

7 15 Sept 258 

3 21 Sept 264 

9 28 Sept 271 

7 9 l 075' 

T R 1 7 . 7 4 

1 8 . 2 J 



arl m j j ^ date of p lan t ing s t u d y w a s a 
ss ign^Pn p lan t ing dates as w h o l e p lo ts 

of d e v e l o p m e n t de te rm ined f o r s ix 
in re lat ion to ca lendar da te , 

n t pe r iod , and to ta l w a t e r fo r each p lo t , 
t es , s tages of d e v e l o p m e n t , and date of 
re s h o w n in Table 1 . Plots w e r e e ight 
( r o w s we re 3 6 inches apart) and 3 0 feet 
I of pearl mi l le t we re p lan ted 3 / 4 " deep 

1302 6 6 7 seeds /A ) . Th is resu l ted in 
ely 1 6 6 4 6 7 p l a n t s / A , or 5 5 % 

r ( 5 - 1 0 - 1 5 at 5 0 0 lbs /A) w a s appl ied 
before p l an t i ng . N i t rogen w a s 

i to the side of the r o w at 1 2 0 lbs /A at 
P row l @ 1 q t / A + A t raz ine @ 2 q t /A 

fo r w e e d con t ro l (Wr igh t et a l . , 1 9 9 3 ) . 
A t raz ine were appl ied b e t w e e n s tage 1 
e 1 , 10 to 15 days af ter p lan t ing w h e n 
w a s 3 to 5 inches ta l l ) . 

ainfal l occu r red t h r o u g h o u t the early 
ason fo r th is expe r imen t . One hal f inch 

of i r r igat ion we re schedu led in 
pauc i t y of rainfal l (Table 1) . Rainfal l 

a m o A are s h o w n in Fig. 1 . 

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

Four pearl m i l le t p l an t i ng d a t e s , m a t u r i t y dates 
and wa te r ( ra in fa l l / i r r iga t ion) even ts are s h o w n in 
F ig . 1 in re la t ion t o t i m e . N o t e t h e lack o f rainfal l 
t h r o u g h o u t t he s e a s o n . T o t a l w a t e r avai lable 
(rainfal l and i r r iga t ion) f r o m p lan t i ng t o m a t u r i t y fo r 
each p lan t ing date (PD) w a s : PD, = 1 6 . 4 inches . 
P D 2 = 1 9 . 1 i nches . P D 3 = 1 8 . 7 i nches , and P D 4 = 
1 8 . 2 inches (Table 1) . Phys io log i ca l s tage of 
deve lopmen t f o r each p l an t i ng da te is s h o w n in 
re la t ion t o ca lendar da te and day of year (Table 1) . 
Days b e t w e e n s tages 0 t o 3 w e r e 2 0 . 2 3 , 1 4 , and 
1 5 ; s tages 3 t o 6 w e r e 2 6 , 3 0 , 3 2 , and 2 2 ; and 
stages 6 to 9 w e r e 3 5 . 3 1 , 2 8 , 3 2 f o r P D 1 . P D 2 , 
PD3 , and P D 4 , respec t i ve l y (Table 1 ) . 

Pearl mi l le t head l e n g t h s ; s h o w n t o be re lated 
to gra in y ie ld by Pude lko et a l . . 1 9 9 4 ; are s h o w n 
fo r each p lan t ing date (F ig . 2) ( c o l u m n s t o p p e d 
w i t h the same le t te r are n o t s i gn i f i can t at t he 5 % 
level of s ign i f i cance ) . Head l e n g t h s f o r 5 M a y , 
17 M a y . and 15 J u n e p lan t i ngs accura te ly 
p red ic ted gra in head y ie lds P < 0 . 0 0 0 1 ) by the 
equa t i on : Y = - 0 . 0 3 1 7 + 0 . 0 0 4 8 X (Pudelko et 
a l . , 1 9 9 3 ) . H o w e v e r , t h e 1 5 J u l y p lan t i ng date 
p roduced very l i t t le s e e d . T h e average n u m b e r of 
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Figure 1 . Rainfal l du r ing the 1 9 9 3 pearl mi l le t g r o w i n g season fo r f o u r p l an t i ng 
d a t ^ ^ p re lat ion to rainfal l a m o u n t s and dates of e v e n t s . 



seeds per 2 0 non-b i rd damaged heads w a s on ly 
1 0 5 . Th is may have been re lated to env i ronmen ta l 
changes , i.e., reduced l eng th of day , or pauc i ty of 
po l l ina tors . Bumb le bees , the p r imary po l l inators 
fo r the f i r s t th ree p lan t ing da tes , we re essent ia l ly 
absent dur ing f l o w e r i n g of P D 4 . It p robab ly w a s n ' t 
lack of avai lable w a t e r ( 1 8 . 2 inches c o m p a r e d to 
1 6 . 4 inches fo r PD , ) . 

Con t ra ry t o M a h a l a k s h m i et a l . ( 1 9 8 8 ) , w e 
f o u n d d i f fe rences in seed size ( l b / 1 0 0 0 seed) due 
to p lan t ing date (F ig. 3 ) . Seed size in re lat ion to 
p lan t ing date ind ica tes t ha t e n v i r o n m e n t a f fec ted 
grain y ie ld . One w o u l d expec t t ha t the 15 Ju l y 
p lant ing da te , w i t h on ly 1 0 5 seeds per 2 0 heads , 
shou ld have large seeds l ike P D 2 or at least seeds 
the same size as PD , and P D 3 , bu t the seed size 
w a s smal ler t h a n t he earl ier p lan t ings . Grain y ie ld 
(pred ic ted by head l e n g t h . Fig 2.) and seed size 
( l b / 1 0 0 0 seed . F ig . 3) are increased by increased 
w a t e r ( 1 9 . 1 inches fo r P D 2 , Tab le 1) (Maha lakshmi 
et a l . . 1 9 8 7 and 1 9 8 8 ) . T h u s , P D 2 ( 1 7 May) may 
be the o p t i m u m p lan t ing t i m e for pearl mi l le t in the 
Sou the rn Coasta l Plain. 

C O N C L U S I O N S 

1 . Phys io log ica l g r o w t h s tages f r o m p lan t ing 
to black layer f o r m a t i o n are s h o w n in 
re lat ion to ca lendar da te and date of year 
fo r f ou r p lan t ing da tes . 

2 . The 17 M a y p lan t ing da te rec ieved the 
m o s t rainfal l ( 1 9 . 1 inches) and p roduced 
the h ighes t gra in y ie lds . 

3 . Head leng 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 pearl mi l le t head 
y ie lds (P < 0 . 0 5 ) w i t h equa t ion Y = 
- 0 . 0 3 1 7 + 0 . 0 0 4 8 X . 

4 . The 15 J u l y p lan t ing date p r o d u c e d very l i t t le 
seed a l t hough head leng ths averaged over 1 2 
inches l ong . 

5 . Bumble bee po l l ina to rs w e r e essent ia l ly 
absent du r i ng f l o w e r i n g of the 15 Ju l y 
p lan t ing da te . 

6 . The 17 M a y p lan t ing p r o d u c e d gra in w i t h 
the largest seed size and 15 J u l y , t he 
smal les t seed size. 
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