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Separation of Viable from Chalcid-Infested Alfalfa Seed1 
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ABSTRACT 

Gravity table, pneumatic, and magnetic separators were 
used to separate viable alfalfa seeds (Medicago sativa) from 
seed infested with larvae of the alfalfa seed chalcid Brucho
phagus roddi (Gussakovsky) in diapause. The pneumatic 
separator was most efficient and at an air velocity of 3.94 m 
s"1 removed 90% of the chalcid-infested seed and saved 88% 
of the germinable seed, whereas an air velocity of 4.62 m s"1 

removed 99% of the chalcid-infested seed, but recovered only 
79% of the germinable seed. Germination of seed fron_t these 
lots was 89 and 92%, respectively. Techniques are discussed 
for the detection and handling of seed infested with chalcids 
to avoid emergence of adults in conditioned seed for market. 

Additional index words: gravity table, pneumatic separator, 
magnetic separator, alfalfa, clover, trefoil. 

INTRODUCTION 

Three legume seed chalcids, Bruchophagus roddi (Gussa
kovsky), Bruchophagus gibbuS (Gussakovsky), and Brucho
phagus kolobovae Fedoseeva attack alfalfa (Medicago sativa), 
clover (Trifolium spp.), and trefoil (Lotus spp.), respectively, 

. wherever they are grown (Kolobova, 1950; Neunzig and 
Gyrisco, 1958; and Strong, 1962). Females of these small 
wasps lay eggs within the developing seed of their respective 
host plants and the larvae complete their entire development 
and pupate while still within the seed. When larvae develop 
during long day lengths, they complete development and 
emerge as adults during summer (Nielson, 1975). When they 
develop in short day lengths, they enter winter diapause and 
emerge as adults when temperatures warm in the spring, often 
about planting time. When wintering larvae pupate and 
emerge as adults in stored seed, they work their way to the 
highest point in the bag and often cause concern when the bag 
is opened. Despite the fact that the chalcids occur wherever 
these legumes are grown, living or dead chalcids in seed 
involved in international trade often result in rejection of the 
lot or require fumigation. 
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This article reports the results of research only. Mention of a proprie
tary product does not constitute an endorsement or a recommenda
tion for its use by USDA. 

The objectives of this study were to determine the effec
tiveness of three separation methods in removing chalcid
infested seed from viable seed and relate equipment parame
ters to removal efficiency of infested seed. A practical method 
is described for detection and handling of seed lots infested 
with chalcids to avoid emergence of adults in seed conditi
oned for market. 

MATERIALS AND METHODS 

An unconditioned lot of Wrangler alfalfa seed infested with 
the alfalfa seed chalcid was obtained from Ontario, Oregon. 
The seed was harvested in September, stored in an unheated 
warehouse until February, and then kept in cold storage at 
3-5 o C until used for conditioning tests. 

Microscopic examination and dissection of infested seeds 
disclosed several differences in the physical properties of 
normal and chalcid-infested seed. Normal alfalfa seed was 
firm, smooth, and relatively dense with no void inside the seed 
coat. Chalcid-infested seed was often fragile, easily crushed, 
and contained voids within the seed coat where the endo
sperm was consumed by the chalcid larvae. The seed coat was 
commonly dark in color, often shriveled and some were 
cracked; exit holes chewed in the seed coat by adults were 
apparent only after emergence of adults. The selection of 
conditioning equipment for separation tests was based on the 
known capability for that device to discriminate between 
seeds with the observed physical differences (Harmond eta!., 
1965). Thus, three seed separators were selected: a gravity 
table for density separation, a pneumatic column for terminal 
velocity separation, and a magnetic separator for texture 
separation. Representative test samples were prepared from 
the original seed material using a Boerner divider. 

In general, seed conditioning equipment separates mixtures 
into a saved fraction and a discard (or rerun) fraction. The 
oortion of seed discarded or saved can be adjusted by chang
ing the operation of the machine. On a gravity table the 
position of one or more dividers determines the point at which 
seed of a given density is saved or discarded. In our tests of the 
gravity table, five equally spaced dividers were positioned 
along the discharge edge of the machine creating six density 
fractions of seed for later evaluation. In tests of the pneumatic 
column, five air velocities were selected to lift (discard) 10, 
20, 30, 40, and 50% of initial sample weight of five different 
samples. Lifted and unlifted portions were saved for later 
evaluation. Two tests of the magnetic separator were made 
using two quantities of a ferro-magnetic lignosulfonate LIG
NOSITE FML (Georgia Pacific, 1980). Samples were treated 
with this iron-containing solution (l 0:1 water-to-fluid ratio 
by volume) and then passed over the magnetic drum separa
tor. Seeds with rough, cracked or sticky seed coats picked up 
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more fluid, rendering them more magnetic. Material was split 
into pinned (magnetic) and unpinned (nonmagnetic) fractions 
and saved for later evaluation. 

The divided fractions from the separation procedures were 
tested by incubating subsamples of the seed at 25 oc and long 
photoperiods. The number of adult chalcids emerging from 
these samples was the criterion used to evaluate the effective
ness of the seed conditioning treatments. Based on results of 
the preliminary tests, detailed tests were made with the pneu
matic separator using five air velocities to lift 5, 10, 15, 20, 
and 25% (replicated twice) of the initial sample weight. 
Separate<\ fractions of the lifted and unlifted material were 
saved for various tests to determine the effectiveness of the 
different air velocities. 

Two-gram subsamples from the lifted and unlifted frac
tions and two unseparated controls were first counted to 
determine the number of seed present. These were then sub
jected to the same incubation procedure described previously 
to determine the percentage of infested seed based on emer
gence of adults. A second set of subsamples ( 1,000 seeds from 
each of all lifted and unlifted fractions and two unseparated 
control lots) was x-ray photographed to detect chalcid
infested seed and distinguish it from normal seed. A test of 
germination (AOSA, 1978) was made with the unlifted frac
tions and two unconditioned control lots to estimate the 
amount of viable seed in the various fractions. 

RESULTS AND DISCUSSION 

Comparison of gravity, magnetic, and pneumatic separa
tion efficiencies indicate that all three separators are at least 
partially effective in removing chalcid-infested seed (Table 
1). The gravity table eliminated all chalcids but with a 42% 
reduction in sample weight. The pneumatic separator re
moved all detectable chalcids with a 20% reduction in the 
weight of the original sample. The magnetic separator failed 
to remove all chalcids despite a 32% reduction in the weight 
of the original seed. Of the three types of separation, the 
pneumatic separator was the most effective method for re
moving chalcid-infested seed with the least waste of good 
seed. 

Table 1. Comparative efficiency of gravity, magnetic, 
and pneumatic separations to remove chalcid
infested from non-infested seed. 

Fraction 

1 
2 
3 
4 
5 
6 

Fluid 
quantity 
per 50g 

seed 

a. Gravity 

Portion of Chalcids 
initial sample emerged 

- - - - - - - - - - - - - - - (%) - - - - - - - - - - - - - -
7.0 9.4 
5.6 8.6 

29.2 1.9 
34.5 0 
14.7 0 
8.9 0 

b. Magnetic 

Pinned Unpinned 

Portion of Portion of 
original Chalcids original Chalcids 
material in seeds material in seeds 

(ml) - - - - - - - - - - - - - - - - - - (%)- - - - - - - - - - - - - - - - - - - -
2 23.2 3.7 76.8 1.0 

4 32.2 3.8 67.8 0.7 

c. Pneumatic 

Lifted Unlifted 

Chalcids Chalcids 
Seed in seeds Seed in seeds 

(%by wt.) (%) (%by wt.) (%) 

10 8.0 90 2.1 
20 7.2 80 0 
30 13.9 70 0 
40 4.6 60 0 
50 6.4 50 0 

Table 2. Pneumatic separation efficiency of different air velocities in removal of chalcid-infested from non-infested seed. 

Germina- Germinable No. No. Chalcids Chalcids Total 
Air Seed tion of seed unlifted lifted in seeds in seeds chalcids 

velocity unlifted unlifted unlifted seeds seeds unlifted lifted removed 

(ms- 1) (%by wt) (%) (%) (2 g)" I (2 g)"l (%) (%) (%) 

3.05 95 87.5 b1 100 d 927 a 1937 a 2.21 be 2.40 a 10.9 a 

3.61 90 86.5 b 92.3 c 907 ab 1705 b 1.71 b 7.18 b 47.9 b 

3.94 85 89.0 be 87.7 b 896 be 1572 c 0.34 a 9.13 b 89.1 c 

4.37 80 91.5 c 84.6 b 885 c 1403 d 0.23 a 7.73 b 92.9 c 

4.62 75 92.0 c 78.7 a 875 d 1335 e 0.06 a 7.75 b 98.5 c 

Control 100 77.5 a 985 e 3.10 c 

t Values followed by the same letter do not differ significantly (P = 0.05) (AN OVA). 
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A subsequent test was conducted to refine the parameters 
controlling effective pneumatic separation of chalcid-infested 
from non-infested seed. Table 2 shows the mean values for 
the two replications of each air velocity. Germination of the 
unlifted fraction increased as the amount of lifted seed was 
increased up to 15% of the original material. Virtually no 
germinable seed was removed when the lifted fraction was 
5%. When the lifted fraction was 10 or 15%, significant 
amounts of gbod seed were removed along with the chalcid
infested seed. For example, 12% of the good seed was sacri
ficed during separation to remove 89% ofthe chalcid-infested 
seed at an air velocity of 3.94 m s-t. 

The number of seeds in the lifted fraction was nearly twice 
that in two grams of the unlifted seed (Table 2), but this 
difference decreased as air velocity increased suggesting that 
more of the heavy (and probably healthier) seed was being 
lifted at greater air velocities. This information can be used to 
estimate the number of chalcids remaining in the good seed. 
For example, 0.6 chalcids lOOO-t unlifted seeds remained 
after 25% of the original material had been lifted (Table 2). 
Thus, a 50 kg bag of clean alfalfa seed, assuming 485,000 
seeds kg-t, will contain 14,500 chalcids even when the sepa
ration was nearly 99% efficient. 

Figure 1 shows the relationship between the five air veloci
ties and the percentage of seed that comprised the saved 
(unlifted) fraction expressed by weight, the number of seeds, 
and germinable seed. The initial mixture of seed was found to 
contain seeds of different weights. Pneumatic separation of 
this material concentrated the heavier seeds in the unlifted 
fractions. A given IP.3.ss of this fraction therefore contained 
fewer seed!< than a similar mass of the lifted fraction. As a 
result, a larger percentage of seeds by number were discarded 
in the lifted fraction than seeds discarded on a weight basis. 
Seeds damaged by chalcids were often partially hollow sug
gesting a relationship belween higher seed weight and seed 
germinability. Samples of the unlifted fractions, when sub
jected to germination tests, were found to contain larger 
percentages of germinable seed. This relationship suggests 
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Figure 1. Effect of different air velocities on the 
number, weight, and germination of unlifted alfalfa 
seed. 

that discarding a given percentage of seed by weight or by 
number of seeds discards a lesser percentage of seed capable 
of germination. The similarity in the mean slope of all three 
lines indicates that this relationship holds true throughout the 
range of tested air velocities. 

During separation, many seeds were removed that did not 
contain living chalcids. An estimated 52% ;of these seeds 
would not germinate because of other causes such as mechan
ical damage during harvest, immature or diseased seed. While 
elimination of these seeds has no effect on the number of 
chalcids that remain in the unlifted fraction, their removal 
upgrades the germination and appearance of the seed lot. 

Several methods can be used to identify lots of seed infested 
with chalcids. For example, a pneumatic (air) separation can 
be made and a sample of the lifted fraction placed in a closed 
container. Adult chalcids will emerge in 2-12 weeks after 
exposure to warm temperatures (>20°C). Adults that develop 
from non-diapausing larvae required 68 days at room 
temperature for 50% of the adults to emerge (Strong, 1962). 
Chilling larvae in diapause at 5°C for 6 weeks or more before 
exposure to room temperature accelerated emergence of 
adults. Thus, by knowing the number of seeds present in a 
sample, the percent of infested seeds can be estimated based 
on the number of adults that emerge. 

Infested seed can also be detected with x-ray photography. 
Figure 2 shows the appearance of the seed when x-rayed 
before and after separation at an air velocity of 3.94 m s-t. 
The dark particles in Figure 2b indicate seeds with poor 
germination, some of which was due to damage by chalcids. 
The solid light-colored particles are healthy seeds (Figure 2c). 
The enlarged section of the x-ray shows the outline of a larval 
chalcid within an infested seed (Figure 2d). 

In summary, the pneumatic separator was most effective in 
removing chalcid-infested seed. When 11% of the seeds were 
infested, an air velocity of3.94 m s-t removed 89% of infested 
seeds and discarded 12% of the potentially germinable seed. 
An air velocity of 4.62 m s-t removed 99% of the infested seed 
and discarded 21% of the potentially germinable seed. Sub
stantially more good seed was discarded in an attempt to 
achieve 99% removal of chalcid-infested seed with the mag
netic or gravity separations. Assuming only 0.6 chalcid
infested seed 1 ooo-t unlifted seeds, 50 kg of conditioned seed 
will contain an estimated 14,500 chalcids. When the initial 
chalcid infestation is 1% or less, the number of adults that 
emerge will be fewer with a corresponding. reduction in the 
probability of detection in conditioned seed. If the infested 
seed lot is cleaned before diapausing larvae are exposed to 
warm temperature and emerge as adults, these adults will 
emerge in the conditioned seed. If the infested lot of seed is 
exposed to temperatures of20°C or more for several months, 
any adults that emerge will be removed in the conditioning 
process. Seed conditioned before emergence of adults proba
bly should be fumigated to prevent emergence of adults in 
conditioned seed. Sampling procedures based on emergence 
of adults and x-ray photography provide the seedsman with 
techniques to estimate chalcid infestations in different seed 
lots so appropriate measures can be taken to avoid the pres
ence of living or dead adult chalcids in conditioned alfalfa 
seed. Furthermore, the same methods will probably be appli
cable to similar chalcid infestations in red clover and trefoil. 
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Figure 2. X-ray photographs of alfalfa seed: (a) orginal material; (b) lifted fraction from 3.94 m s"1 air velocity; 
(c) unlifted fraction from 3.94 m s·I air velocity; and (d) enlarged section of x-ray photograph showing 
immature chalcid within seed center. 
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