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Influence of Cultural and Harvest Practices on Peanut Seed Quality’ 
D. E. McLean and G .  A. Sullivan*2 

ABSTRACT 

Managing peal 1 11 t (Ant chis hypogiiea L . ) product ion for maxi - 
mum yields often results in poor quality seed 1)eing produced. 
The objectives of this study were (1) to identify relationships be- 
tween production practices and seed quality and (2) to evaluate 
thc impact of harvesting and handling procedures on seed germi- 
nation quality. Combining significantly redwed germination by 
an average of 9% for three years. Artificial drying had little effect 
on average seed qudity. Percentage germination was significant- 
ly correlated with soil fertility, soil particle size, pod moisture, 
seed calcium, market grade and hull damage with the most con- 
sistent correlations occurring between seed calcium and germi- 
nation. In  general, the correlations were small, and no single 
production factor accounted for a large proportion of the variabil- 
ity found for seed quality. 

moisture, seed calcium, market grade, and hull damage 
to seed germination and quality; and ii) evaluate the ef- 
fects of harvesting and drying procedures on seed germi- 
nation and quality. 

Materials and Methods 
A representative soil sample was taken in August each year from each 

field to a depth of 15 cm. The Soil Testing Section, Agronomic Division, 
North Carolina Department of Agriculture determined pH, exchangea- 
ble Al, P, K, Ca, Mg, Mn, S(S04),  and organic matter for each soil sam- 
ple. All fields were located with peanut seed producers in North Caroli- 
na. 

Particle size analysis to determine sand, silt, and clay content was 
done by the hydrometer method (6). 

Key Words Arachis hypogaea L., Seed Production, Germina- 
tion, Mechanical Injury, Soil Fertility. 

Producing high quality peanut seed (Arachis hypogaea 
L.) requires meticulous crop management. However, ev- 
en the best fiirmer often fails to produce an abundant and 
viable seed yield. The fiiilure to produce seeds with ger- 
mination sufficient to meet certification requirements is a 
common problem to peanut seed producers. The occur- 
rence of abnormal and dead seeds often reduces germina- 
tion below 70%, the minimum requirement for certifica- 
tion in North Carolina. 

Blackstone et  al. (3) evaluated the effects of pre-harv- 
est, curing, storage and shelling methods on runner pea- 
nut seed germination. Germination showed a wide vari- 
ation among fiirmers and geographic areas, but most 
production practices expected to affect germination failed 
to show a significant relationship. Walker and Carter (17) 
reported that previous fertilization rates had no signifi- 
cant effect on the subsequent germination of Spanish and 
runner peanuts. Sullivan et  al. (13) and Cox et al. (4) re- 
ported improved germination of Virginia-type peanuts 
followed adequate applicaitons of gypsum. Hallock (9) 
found that gypsum treatments increased germination 
whereas potassium and nitrogen treatments without gyp- 
sum reduced germination. Young and Moore (18) found 
that seed quality declined with later digging dates. 
Dickens and Khalsa (7) reported that peanuts combined 
from inverted windrows received less mechanical damage 
and were of better germination quality than peanuts dried 
in random windrows. Turner (16) found that the orienta- 
tion ofthe seeds in the pod results in more impact damage 
to the apical seed than the basal seed. 

The objectives of this investigation were to i) determine 
the relationships of soil fertility, soil particle size, pod 
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Peanut seeds (cv. “Florigiant”) were collected during harvest from 60 
fields in 1976, 40 fields in 1977, and 40 fields in 1978. A 2.3 kg fruit sam- 
ple washand-pickedfrom random plants at digging (#I), and just prior to 
combining (#2); a 4.5 kg samples was scooped from the combine basket 
(#3), and a 9 kg sample was sent through the normal drying process 
(#4). Samples 1,2,  and 3 were dried in a forced air direr without heat to 
approximately 10% moisture. 

All samples were shelled with a laboratory sheller ( S )  and stored in a 
seed warehouse in paper bags at ambient temperature. 

A SO0 g pod sample, collected from each field at digging and at com- 
bining, was sealed in a plastic bag and later dried. Moisture content was 
calculated on a wet weight basis as follows: 

% moisture = (wet wt. - dry wt./wet wt.) x 100. 

Seeds collected after drying (#4) were submitted to a plant analysis 
service laboratory at North Carolina State University where they were 
ashed. Total seed calcium was measured by atomic absorption. 

A 1000 g sample was graded according to market specifications: 
Sound mature Kernels (SMK) - whole kernels which ride a 6.0 x 25.4 

Extra Large Kernels (ELK) - whole kernels which ride a 8.5 x 25.4 mm 

Sound Splits (SS) - split or broken undamaged kernels, no portions 

mm (W64 x 1 in) slotted screen; 

(21.5/64 x 1 in) slotted screen; 

sinaller than 1/4 of a whole kernel. 

In 1976 only, 200 g samples collected before and after combining were 
analyzed for hull damage. This was a visual observation, recorded as 
weight percentage. 

Seeds collected at digging were tested in 2 replications of 100 seeds/ 
replication in a germination test. Seeds collected precombing, post- 
combining, and post-drying were tested in 3 replications of 100 seeds/ 
replication. 

Seeds were treated with a 3 Granox”: 2 Vitavax3 fungicide mixture. 
Seeds of each replication were rolled into 4 moist towels (25 seedsitow- 
el). The towels were placed upright in plastic bags, and seeds were al- 
lowed to germinate at 25 C for 3-4 days. During this period, ethylene 
from a ripe apple was used to break dormancy (10. 11. 15). After 3-4 
days, diseased or decayed seeds were removed, inycelial growth was 
wiped away, and fresh warm water was sprayed on the seeds before re- 
turning them to the germinator. 

On the 8th day seedlings were opened longitudinally with a scalpel to 
evaluate plumules and the seedlings were classified as either germina- 

,The use of trade names in this article does not imply endorsement of 
products named or criticism of similar ones not mentioned. 
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ble, abnormal, or dead. 

Germinable seedlings had a normal primary root, hypocotyl and phi- 
mules; dormant seeds and diseased seedlings which did not appear to be 
the source of the fungal growth were included. 

Abnormal seedlings had one or more essential plant parts missing or 
injured; or  they were seedlings with stunted root and/or hypocotyl 
growth, and diseased seedlings which appeared to be the source of fiin- 
gal growth. 

Any ungerminated seeds which were mealy, flaccid or decayed were 
considered dead. 

All germination data was transformed into arcsins prior to using Statis- 
tical Analysis System (SAS) procedures (2). For each year a least squares 
regression was applied to determine whether harvesting procedures af- 
fected germination, abnormality, and death. A protected t-tcst was used 
to test the significance of treatment means. 

Correlations between soil chemical analysis variables, sand, silt and 
clay content, pod moisture, total seed calcium, inarket grade, and hull 
damage ( I  976 only) and the germination test results were computed. 

Results and Discussion 
Seeds collected at digging in 1976 and 1977 had a signif- 

icantly lower percentage germination than seeds collect- 
ed prior to combining (Table 1). Our handling techniques 
probably accounted for this reduced germination. 

Table 1. Harvesting effects on germinable peanut seedlings in the ger- 
mination test." 

Times o f  Sampling 

A t  Pre- Post- Post- 

Year No. Digging Combining Combining Drying 

( % I  ( % I  ( % I  ( % I  
1976 60 84.6a 89.lb 8 1 . 7 ~  78.8d 

1977 40 8 3 . 3 ~  89.6b 81.3a 8 3 . 7 ~  

1978 40 84.3a 86.2a 74.3b 76.6b 

aMeans in a horizontal  row followed by t h e  same l e t t e r  a r e  not 

s i g n i f i c a n t l y  d i f f e r e n t  a t  the -05 probabi l i ty  l e v e l .  

Seed samples collected at digging were held for several 
days before drying, and their high moisture content could 
have resulted in heating damage during handling. Young 
(18) found poorer germination of peanuts artificially dried 
immediately after digging. 

A highly significant (P< . O l )  decrease in germination 
occurred during combining for all years (Table 1). Pre- 
combining germination was reduced by 8-12% on the av- 
erage as compared to post-combining. 

For all years the percent of abnormal seedlings in- 
creased significantly during combining (Table 2). Most 
abnormal seedlings exhibited twisted hypocotyls and/or 
missing tap roots. Since the radicle of the peanut seed 
protrudes beyond the cotyledonary surface, massive root 
injury can result from combining (12). If the abnormal 
seedlings emerge in the field, they are more drought-sen- 
sitive, less vigorous, and lower yielding than normal see- 
dlings (1, 8, 12, 14). 

Table 2. Harvesting effect on peanut seed abnormality in the germina- 
tion test." 

~~~ 

Times o f  Sampling 

A t  Pre- Post- Post- 

Dry i ng Comb i  n i  ng Year No. Digging Comb i n i ng 

( X I  ( % I  ( % I  (%)  

1976 60 11.5a 8.3b 1 6 . 2 ~  19.7d 

1977 40 6.3ab 5.6a 7.8b 8.4b 

1978 40 13.7a 12.3a 19.5b 17.8b 

"Means i n  a horizontal  row followed by t h e  same l e t t e r  a r e  not 

s i g n i f i c a n t l y  d i f f e r e n t  a t  the .05 probabi l i ty  l e v e l .  

In 1977 and 1978, the percentage of dead seeds in- 
creased after combining as compared to pre-combining 
(Table 3).  The seeds damaged by combining were yroba- 
bly more susceptible to pathogen infestation. Certain 
pathogen populations may have been less prevalent in 
1976 due to the comparatively dry growing season that 
year. This could explain the non-significant effect of dis- 
ease on dead seeds after combining in 1976 in contrast to 
1977 and 1978. 

Table 3. Harvesting effects on peanut seed death in the germination 
test: 

~~ ~~ 

Times of Sampl ing 

A t  Pre- Post- Post- 

Comb in i ng Drying Combi n i ng Year No. Digging 

( X I  ( % I  ( % I  
1976 60 3.7a 2.6b 2 . lbc  1 .5c  

1977 40 10.4a 4.7b 10.9a 8 . 0 ~  

1978 40 1.7a 1.6a 6.2b 5.6b 

af4eans in a horizontal  row followed by t h e  same l e t t e r  a r e  not 

s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  .05 probabi l i ty  l e v e l .  

Drying affected germination differently each year (Ta- 
ble 1). In 1977 and 1978, an increase in germination was 
observed. This increase resulted from a decrease in dead 
seeds (Table 3) .  Immediate drying by the farmer would 
have destroyed some existing fungi. 

No explanation for the increase in the percentage of ab- 
normal seedlings after drying for 1976 is known (Table 2). 
Results from drying varied tremendously from location to 
location. Severe reductions in percentage germination 
were observed for a few growers. 

Although several fixtors were correlated with percen- 
tage germination, the small correlation coefficients indi- 
cated that no single factor accounted for much of the vara- 
bility in seed germination (Table 4). Since soil factors 
were significant, the effect of these variables on seed qual- 
ity should be carefully investigated. 

The soils used in this study were typical of those used in 
eastern North Carolina for peanut seed production. The 
soils tested low to medium for all elements except phos- 



'I'ablc 4. Significant correlation coefficients of  quantitative vuriaI)Ics 
\vi th  gcrmina tion tcs t I-esul t s . 

PA -____-__ 
S ign i  f i c a n t  Vari abl  es Year 

(Cor re l a t ion  C o e f f i c i e n t )  1976 1977 1978 

Soi l  pH . l a  

Soi l  A1 - .14 .14 

Soi l  P . l l  

So i l  Ca .13 

So i l  Mg .10 

So i l  Mn . l l  - .25 

Soi l  OM .14 

So i l  S - . 13  .17 

Sand ( % )  - .12 

S i l t  (%) .14 

Seed Ca .32 .43 .41 

So und , ma t u  re kernel  s .13 .25 

Sound s p l i t s  -.24 

Extra  l a r g e  k e r n e l s  -41 

Seed moi s tu re  a t  digging - . 1 3  - . 40  - .26 

Seed moisture a t  combining -.32 - . 13  

T:rhlc% 5.  hlc.an\ and range\ ot'wil tcn\t \ari;iIilc~\. ' 
--____ - - --__ -~ _ _  -. _______ 

1976 1977 i 978 

-- Var iab le  mean range mean range mean range 

PH 5.4 4.6-6.5 5.7 4.7-6.4 5.6 4.9-6.1 

A1 (me/lOOg) 1 .2  0.5-2.6 1 . 0  0.4-2.4 1 .2  0.4-2.8 

P ( index)  99 35-275 75 15-100 9 3  53-100 

K ( index)  35 13-83 33 8-63 29 11-66 

Ca ( index)  46 20-86 4 8  27-82 53 27-100 

Mg ( index)  35 6-81 30 5-60 31 11-99 

Mn ( index)  21 8-50 27 4-84 39 14-99 

S (SO4) ( index)  163 10-450 91 40-101 89 40-100 

OM% 1.1 0.4-2.9 0 . 7  0 .3 -1 .8  0 . 8  0.5-3.2 

' F e r t i l i t y  index va lues  were used t o  expres s  l e v e l s  o f  n u t r i e n t  

a v a i l a b i l i t y  as  determined f o r  most crops in North Caro l ina .  The 

index ranges were a s  fo l lows :  low f e r t i l i t y  = 0-25,  medium f e r t i -  

l i t y  = 26-50, and high f e r t i l i t y  = 51-100. 

'rahle 6. Means and rangc~s of sand, silt, and clav content of seed fields. 

~ 

1977 1978 ~- 1976 

Var i ab le  mean range mean range mean range -__ 

Sand ( ) 83 59-96 82 65-94 83 59.7-96.1 

S l l t  ( " )  14 3-36 14 4-31 14 2.2-33.4 

Clay ( 1 3 0.3-9.5 4 0 .7 -9 .9  3 1 .7-6.9 

h mois tu re  i; mois tu re  

Year la digging - Range I? combining Range 

1976 4 3 . 8  1 8.2- 64 .8 24.7 13 .4 -48 .0  

1977 45.4 29.9-58.3 18.5 7.5-30.7 

1978 38.9 14.6-53.1 19 .2  5 . 2 -  30.8 

V i s i b l e  hu l l  damage 

Time o f  ~ Mean !a% Germinobion Abnormality 

Sampl i ng ( t") ( O'' 1 ( 7 0 )  ( X I  

Pre-combining 0 . 9  0-10.0 89.1 8.3 

Post-combining 12.6 0-31.8 81 . 7  16 .2  

Con cl II s io 11 s 

Combining significantly reduced seed germination as 
coiiiliarcd to pi-e-coinl)iiiiiig mid iiicreastd tbe perecw- 
tage ofa1)normal scedliiigs for all yeiirs. Decreased germi- 
iiation in 1077 m t l  1978 W;LS attril)iit~iI)lc~, in part, to dis- 

147 PEA!\lIT SCIEI\CE

phorus (Tahle 5). They are sandy and maintenance of high
ftTtility is difficult due to leaching. \Vhile average pH
values were adequate, the range suggests that the Imv pH
is a prohlem with many brmers.

Table 4. Significant l'OITclation l'oefficients of quantitative variahles
with germination test H'suItS.

Significant Variables Year

(Carrel at ion Coeffi c i ent) 1976 1977 1978

Soil pH .18

Soil A1 -.14 .14

Soil .11

Soil Ca .13

Soil Mg .10

Soil Mn .11 -.25

Soil OM .14

Soil -.13 .17

Sand (%) -.12

Silt (%) .14

Seed Ca .32 .43 .41

Sound, mature kernels .13 .25

Sound spl its -.24

Extra large kernels .41

Seed lOOisture at digging -.13 - .40 -.26

Seed nnisture at combining -.32 -.13

The moisture content of the sceds when dug ranged
fi'om 1.5 to 65% Cfahle 7). A 20% moisture content is rec
ommended fl.)r comhining, and the seed moisturc ranges
indicate wide variation in moisture at comhining among
seed growers. The correlations hetween pod moisture at
the time of digging and comhining and germination were
significant and negative, hut the correlation coefficients
were small (Tahle 4). These data support the data devel
oped hy Dickens and Khalsa (7) that high moisture at com
hining reduces percentage germination.

Table 7. 1\1eans and ranges of pod moisture at digging and l'ornbining.

moisture moisture

Year Co digging Range combining Ran~

1976 43.8 18.2-64.8 24.7 13.4-48.0

1977 45.4 29.9-58.3 18.5 7.5-30.7

1978 38.9 14.6-53.1 19.2 5.2- 30.8

Previous studies hy Cox d a1. (4) estahlished that ger
mination sharply decreases when seed contain less than
420 ppm total seed calcium. The total seed calcium means
\verc ahove this level; however, the range was f)'om 197 to
H72 ppm (Tahle H). There was a signifkant positive cOITe
latiem hetween seed calcium and germination Crahle 4).
Seed calcium is a critical element in ohtaining good ger
mination quality. The r-value between percentage ger
mination and seed calcium was hight'r in all years than any
other variahle nwasured.

Table S. Means and nmges of total seed l'akium.

Tahlt, 9. Visihle hun damage, gennination and ahl10nnality pre- and
post-comhining; in 1976.

Hull damage evaluated hefl.)re and after comhining re
vealed a sharp increase in damage in the comhining pro
cess (Tahle 9). A significant corrt:-'lation existed hetween
hull damage at comhining and seed ahnormality in the
germination test.

(ppm) (ppm)

274-800

410-872

197-708

558

625

440

1977

1978

1976

Tahle 5. !\leans and nlllges of soil tt'st variahles. I

- -~----- ._--- ----- - ---

1976 1977 1978

Vari~ mean range mean range mean range

pH 5.4 4.6-6.5 5.7 4.7-6.4 5.6 4.9-6.1

Al (me!l OOg) 1.2 0.5-2.6 1.0 0.4-2.4 1.2 0.4-2.8

P (index) 99 35-275 75 15-100 93 53-100

K (index) 35 13-83 33 8-63 29 11-66

Ca ( index) 46 20-86 48 27-82 53 27- 100

Mg ( index) 35 6-81 30 5-60 31 11-99

Mn ( index) 21 8-50 27 4-84 39 14-99

S (S04) (index) 163 10-450 91 40-101 89 40-100

OMio 1.1 0.4-2.9 0.7 0.3-1.8 0.8 0.5-3.2

1Fert il ity index values were used to express 1evel s of nut ri ent
Visible hull damage

availabil ity as determined for most crops in North Carol ina. The

index ranges were as follows: low fertility = 0-25, medium ferti-

lity = 26-50, and high fertility = 51-100.

Table (j, \1eam and ranges of sand, silt, and clav l'ontent of seed fields.

Time of Mean B..~ Germina~ ion Abno rma 1 ity

Samp1i ng en (~:; ) 0;) (%)

Pre- comb in i ng 0.9 0-10.0 89.1 8.3

Post-combining 12.6 0-31.8 81. 7 16.2

---------------------------

1976 1977 1978----

~iable mean range mean range mean range

Sand (.) 83 59-96 82 65-94 83 59.7-96.1

Si It (,;) 14 3-36 14 4-31 14 2.2-33.4

C1 ay (;,) 0.3-9.5 0.7-9.9 1 .7-6.9

ConcIusions

Combining significantly reduced seed germination as
compared to pre-comhining and increased the percen
tage ofahnonnal seedlings fl.)r all ycars. Dccreased genni
nation in 1977 and 197H was attrilmtahle, in part, to dis-
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ease build-up following mechanical injury. 

Drying can severely reduce germination on individual 
farms, but, on the average, drying did not reduce germi- 
nation as much as combining. It is speculated that when 
pathogen populations are high, prompt drying by the 
seed grower may have increased germination by arresting 
fungal growth. 

N o  single production practice or variable measured ac- 
counted for a major proportion of the variability observed 
in seed germination. Survey results suggest that fertility 
levels were not optimum for peanut production, and that 
adequate seed calcium is necessary for producing peanut 
seeds with high germination. 
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