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A D J U S T I N G GRAIN YIELD OF BIRD D A M A G E D PEARL MILLET 

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

A B S T R A C T 

Pearl M i l l e t [Penn ise tum q laucum (LJR. Br.] is 
a po ten t i a l l y -p roduc t i ve , h igh-qua l i ty grain crop tha t 
is h igh ly suscept ib le t o bird damage in small p lots 
and in areas a round the outs ide of large f ie lds . 
T rea tmen ts t h a t change the phys io log ica l ma tu r i t y 
(speci f ica l ly the sof t d o u g h stage w h i c h red w i n g e d 
b lackb i rds [Age la jus ohoen icens] seem to prefer 
and seek out ) of smal l p lots w i t h i n a large f ie ld w i l l 
resul t in the i r d e s t r u c t i o n . Our object ive w a s to 
relate pearl mi l le t gra in yields to head length and 
seed size measu remen ts of undamaged pan ic les . 
Th is research w a s c o n d u c t e d on a Norfo lk sandy 
l oam loca ted on the No r th Florida Res. and Educ. 
Ct r . F Qu incy FL w i t h H G M - 1 0 0 pearl mil let h y b r i d . 
Three hund red and s ix ty H G M - 1 0 0 panicles tha t 
we re n o t damaged by birds we re selected at 
r andom fo r th ree d i f fe ren t lengths of panicle ( 1 5 , 
1 2 , and 9 inches in length) for grain yield and l inear 
regress ion ana lys is . The simple l inear regression 
equat ion for p red ic t ing grain y ie ld per head of b i rd 
damaged pearl mi l let research p lo ts w a s : Y = 
- 0 . 0 3 1 7 + 0 . 0 0 4 8 X , whe re Y = pearl mi l let head 
yield ( lb/head) and X = head length ( inches), R 2 = 
0 . 9 2 . 

INTRODUCTION 

Pearl mi l le t is a potent ia l ly p roduct ive h i g h -
qual i ty grain or si lage c rop (Bur ton et a l . , 1 9 8 6 and 
Kumar et a!., 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 cond i t i ons (noncrus t ing sandy soi ls 
w i t h l i t t le fer t i l izer and l imi ted wa te r ; Payne et a l . , 
1 9 9 0 ) and f i ts the summer g r o w i n g season 
present ly occup ied by crops such as soybean 
[Glyc ine max ( M e r r . ) j , peanut [Arach is hypoqeae 
L. l , s o r g h u m [ S o r g h u m bicolor L. (Moench)J , 
t rop ica l co rn [Zea mays L ] , bahiagrass [Paspalum 
n o t a t u m (F lugge)L and bermudagrass [Cynodon 
dac tv lon L. (Pers.)I in year - round mul t ip le c ropp ing 
sys tems of the sou theas te rn Un i ted Sta tes . 
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T w o major p rob lems have been demons t ra ted 
in research w i t h th is po ten t ia l n e w crop (Wr igh t et 
a l . , 1 9 9 3 ) . F i rst , the commerc ia l l y avai lable hybr id 
gra in- type pearl mi l le t . H G M - 1 0 0 is a smal l seeded 
c rop . Th is necess i ta tes the need for u n i f o r m depth 
of p lant ing w h i c h can be remedied by improved 
planter eng ineer ing and carefu l p lanter ad jus tmen t . 
Second , is the p rob lem of the c rops suscept ib i l i t y 
to ex tens ive bird d a m a g e to ma tu r i ng panicles (the 
mi lk s tage is the m o s t suscept ib le s tage) , 
par t icu lar ly in smal l p lo ts (Wr igh t et a l . , 1 9 9 3 ) . 

Wr i gh t et al . ( 1 9 9 3 ) exper ienced extens ive 
bird damage to pearl mi l le t in smal l p lo t research in 
1 9 9 2 and used a g ra in / s i l age -w i thou t grain rat io 
f r o m an u n d a m a g e d pearl mi l let herb ic ide s tudy to 
est imate grain y ield f r o m other bird damaged 
research p lo t s . Th is es t imate w a s bet ter than 
no th i ng , bu t a bet ter p red ic to r of bird damaged 
pearl mi l let y ield w a s needed . 

Es t imat ing grain and fo rage crop yields has 
been d e m o n s t r a t e d to be a f unc t i on of the 
equa t ion : D = M/V , w h e r e D = a measure of bulk 
dens i ty , M = mass , and V = v o l u m e (Teare and 
M o t t , 1 9 6 5 and Wi l son and Teare . 1 9 7 2 ) . 

The ob jec t i ve of th is s tudy w a s to f ind a pearl 
mi l let parameter , pers is ten t af ter bird damage , for 
accurate ly p red ic t ing pearl mi l le t grain yields f r o m 
smal l -p lo t research to f in ish the research tha t had 
been success fu l l y c o n d u c t e d up to the mi lk stage 
and bird p reda t i on . 

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 lk sandy loam ( f ine , l oamy s i l iceous, thermic 
Typ ic Kand iudu l t ) l oca ted on the Nor th Florida 
Research and Educat ion Center , Qu incy , Flor ida. 
The soil has a c o m p a c t e d layer loca ted 8 to 14 
inches b e l o w the su r face . 

The pearl mi l let h y b r i d used in th is s tudy was 
H G M - 1 0 0 , deve loped as a grain pearl mi l let by 
W . W . Hanna ( 1 9 9 1 ) , T i f t o n . Georg ia . Pearl mi l let 
seed w a s no- t i l l p lan ted in a w e e d f a l l ow f ie ld w i t h 
a B rown Ro-Ti l imp lemen t w i t h K M C planters in a 



Table 1 . Pearl mi l le t gra in y ie ld , and gra in size fo r six rep l i ca t ions of each head l eng th ( 9 , 1 2 , and 1 5 inch ) ; 
O u i n c y , FL, 1 9 9 3 . 

Head Grain Gra in 
l e n g t h 1 s i z e 2 , 4 y i e l d 3 4 

ReDt. ( inch) ( l b / 1 0 0 0 seeds) ( lb /head) 
1 15 0 . 0 1 5 0 0 . 0 4 6 7 
2 15 0 . 0 1 3 9 0 . 0 3 7 7 
3 15 0 . 0 1 3 9 0 . 0 3 9 8 
4 15 0 . 0 1 4 2 0 . 0 4 5 2 
5 15 0 . 0 1 4 6 0 . 0 3 8 2 
6 15 0 . 0 1 3 5 0 . 0 4 1 0 

X 0 . 0 1 4 2 A 0 . 0 4 1 4 A 

1 12 0 . 0 1 2 2 0 . 0 2 2 5 
2 12 0 . 0 1 2 0 0 . 0 2 2 0 
3 12 0 . 0 1 3 2 0 . 0 2 2 1 
4 12 0 . 0 1 3 0 0 . 0 2 1 8 
5 12 0 . 0 1 4 3 0 . 0 2 9 9 
6 12 0 . 0 1 3 3 0 . 0 3 1 4 

X 0 . 0 1 3 0 B 0 . 0 2 5 0 B 

1 9 0 . 0 1 0 9 0 . 0 1 3 0 
2 9 0 . 0 0 8 6 0 . 0 1 4 4 
3 9 0 . 0 1 0 2 0 . 0 1 5 4 
4 9 0 . 0 1 0 9 0 . 0 1 1 1 
5 9 0 . 0 0 9 5 0 . 0 1 1 2 
6 9 0 . 0 0 9 0 0 . 0 0 9 6 

X 0 . 0 0 9 8 C 0 . 0 1 2 4 C 

1 Three spec i f i c head l eng ths se lec ted at r a n d o m f r o m n o n - b i r d - d a m a g e d pear l m i l l e t . Each rep l i ca t i on is the 
mean of 2 0 pearl mi l le t heads . 

2 Grain size (seed w e i g h t ( l b / 1 0 0 0 pear l mi l le t seed) of t he th ree spec i f i c h e a d l e n g t h s . 

3 Grain y ie ld w a s co l lec ted fo r each 2 0 heads per rep l i ca t i on , d i v i ded by t w e n t y and e x p r e s s e d as y i e l d / h e a d . 

* M e a n va lues in c o l u m n s f o l l o w e d by the same le t te r are n o t s i gn i f i can t l y d i f f e r e n t at t h e 5 % level of 
s ign i f i cance . 



comp le te l y randomized b lock des ign w i t h six 
rep l ica t ions on 2 9 M a y 1 9 9 3 . Before the mi l le t 
w a s p l a n t e d , w e e d s w e r e burned d o w n w i t h 
app l i ca t ions of Round-up (7 May) at 2 p t /A and 
G r a m o x o n e (21 May) at 3 p t / A . Seed w e r e p lanted 
3 / 4 " deep at 4 l bs /A ( 3 2 2 0 0 0 seeds /A planted) 
w i t h an emergence of app rox ima te l y 1 7 7 0 0 0 
p lan ts /A ( 5 5 % emergence ) . Plots w e r e 2 4 ' X 3 0 ' 
w i t h e igh t r o w s 3 6 " apar t . 

Five hund red lb of 5 - 1 0 - 1 5 fer t i l i zer /A w a s 
appl ied on 15 M a y be fo re p lan t i ng . A m m o n i u m 
n i t ra te w a s s idedressed to the side of the r o w at 
1 2 0 lb N/A on 16 J u l y . P row l @ 1 q t /A + 
A t raz ine @ 2 q t / A w a s used for w e e d con t ro l 
(Wr igh t et a l . . 1 9 9 3 ) . Herb ic ides we re appl ied 
b e t w e e n s tage 1 ( three leaf stage) and 2 (f ive leaf 
s tage) , abou t 12 days a f ter p lant ing w h e n mi l le t 
w a s b e t w e e n 3 and 5 inches ta l l . 

Pearl mi l le t heads w e r e measured f r o m top to 
b o t t o m of panic le as i l lus t ra ted in F ig . 1 . T w e n t y 
pearl mi l le t heads w e r e care fu l l y se lec ted for each 
of three spec i f i c head leng ths (9 , 1 2 , and 15 inch) 
and rep l ica ted six t i m e s . C o n c o m i t a n t 
m e a s u r e m e n t s of head gra in yields and coun ts of 
heads per un i t area w e r e t hen used fo r regress ion 
ana lys is . Pearl mi l le t heads we re harves ted on 2 8 
Sep t , dr ied in a g reenhouse , and th reshed w i t h a 
c lover t h resh ing mach ine t h a t requ i red 2 0 pearl 
mi l le t heads per sample fo r t he th resh ing ope ra t i on . 

Li t t le rain occu r red t h r o u g h o u t t he g r o w i n g 
season for th is ra in fed expe r imen t . A to ta l of 1 9 . 0 
inches of ra infa l l w a s rec ieved du r ing the pearl 
mi l le t g r o w i n g season f r o m 2 9 M a y to 2 8 A u g , 
1 9 9 3 . Rainfal l even ts and amoun t s are s h o w n in 
F ig . 2 . 

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

The nul l h y p o t h e s i s t h a t pearl mi l le t grain y ie ld 
per head cou ld be p red i c ted f r o m head leng th 
m e a s u r e m e n t s w a s tes ted in 1 9 9 3 . Six 
rep l ica t ions of 2 0 non -b i rd damaged pearl mi l le t 
gra in heads of spec i f i c l eng ths ( 1 5 , 1 2 , or 9 inches) 
w e r e care fu l l y th reshed and grain y ie ld per head 
and gra in w e i g h t per seed we re f o u n d to be 
s ign i f i can t l y d i f fe ren t fo r each head leng th (Table 
1). 

A s imp le l inear regress ion equa t ion w a s 
deve loped to p red ic t head y ie ld f r o m head l e n g t h : 
Y = - 0 . 0 3 1 7 + 0 . 0 0 4 8 X . w h e r e Y = pearl mi l le t 

fa-

Figure 1 . L e n g t h of pearl mi l le t head measu red as 
i l l us t ra ted . 

121 136 151 168 181 198 211 2 2 6 2 4 1 2 5 6 271 

Day of Year 

Figure 2 . Rainfal l du r i ng the 1 9 9 3 pearl mi l le t 
season in re la t ion to ra infa l l a m o u n t s and dates of 
e v e n t s . 



grain y ie ld ( lb/head) and X = head l eng th ( inches) 
w i t h a coe f f i c ien t of cor re la t ion (r) = 0 . 9 6 and P 

^ f e : 0 . 0 0 0 1 . A s imple l inear equat ion was also 
^ W e v e l o p e d to p red ic t head y ie ld f r o m grain size 

( l b / 1 0 0 0 seeds) : Y = - 0 . 0 4 2 1 + 5 . 5 4 0 8 X . whe re 
Y = pear l mi l let grain y ie ld ( lb/head) and X = 
l b / 1 0 0 0 seed w i t h a coe f f i c ien t of cor re la t ion (rj = 
0 .89 and P < 0 . 0 0 0 1 . 

Gra in size (Y) w a s also p red ic ted by head 
leng th : Y = 0 . 0 0 3 7 + 0 . 0 0 0 7 X w i t h a coe f f i c ien t 
of cor re la t ion (r) = 0 . 9 0 and P < 0 . 0 0 1 . 

W h e n grain size ( l b / 1 0 0 0 seed) and head 
length ( inches) w e r e used in a mul t ip le regress ion 
analys is , the equa t ion deve loped w a s : Y = -
0 . 0 3 4 4 + 0 . 0 0 4 3 X , + 0 . 7 6 3 0 X 2 . whe re Y = 
pearl mi l le t grain y ie ld , X , = head l eng th ( inches) 
and X 2 = grain seed size (seed/ lb) w i t h a 
coe f f i c ien t of de te rm ina t i on (R 2) = 0 . 9 2 and P 
< 0 . 0 0 0 1 . 

We agree t ha t the best measure of grain y ie ld 
is f r o m undamaged pearl mi l le t heads per un i t area, 
but us ing pred ic t ions of head grain y ie ld f r o m head 
length measu remen ts of a spec i f ied un i t area can 
salvage t i m e - c o n s u m i n g smal l p lo t research tha t is 

^ c n o r e suscept ib le to bird depreda t ion in the so f t 
^P^ugh s tage than w h e n the pearl mi l let is g r o w n in 

large f i e lds . The m o s t usefu l equa t ion for 
p red ic t ing head gra in y ie ld is the s imp le l inear 
regress ion where head leng th expla ins 9 2 % of the 
var ia t ion in head grain y ie ld . If all the head lengths 
are measured and n u m b e r of heads c o u n t e d in a 
un i t area, then grain yields (bu /A) can be p red ic ted 
f r o m lb gra in /head x heads /A . 

56 Ib /bu 

This equa t ion is use fu l for sa lvag ing va luab le smal l 
p lot research tha t has been sub jec t to b i rd 
dep reda t i on . 
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