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 Abstract   

 

A total  of  985 wild and semi-wild soybean accessions were 

f ield screened for  res is tance to  the aphid.  The investigation 

involved inoculating A. glycines in cage houses, and was carried 

out for two years. We identified that three wild soybeans 85-32, 85-39 

and 85-1 had resistance characters on A. glycines, whose resistance level 

was identified to be “High Resistance (HR)”. The aphid resistance 

characters in these three materials were higher than those found in 

cultivated soybean materials. The damage index difference significance 

level test and the observed growth rate of aphis populations also further 

demonstrated an obvious difference in the resistance characters between 

the wild soybeans and A. glycines; simultaneously, they validated the 

aphid resistance characters in the above three materials. 

 

Aphis glycines is one of the most serious pests of soybeans in northern China, especially in the 

northeastern soybean-producing areas, causing huge losses. The soybean loss per year usually 

makes up 5 – 10%, and it can reach above 30% in years of mass outbreaks.  A. glycines is also 

the main transmiss ion vec tor  o f  soybean mosa ic  vi rus .  Screen ing for  aphid 

resistance and its sources began after the 1970s in our country.  But among cultivated soybeans, 

no source of high resistance to A. glycines was found except several glabrous soybean varieties 

with certain aphid resistance characters.  Wild soybeans are one of A. glycines’ hosts 
[2]

.  Wild 

soybean resources are very abundant in our country. The large-scale germplasm 

resource investigation and collections were started at the end of 1970s and the 

beginning of the 1980s
[3]

. Many scientists have performed extensive research 

related to physiological biochemistry, pattern ecological characteristics  and genetics in 

recent years and achieved significant progress
 [1]

. But there is li tt le research on  

aphid resistance characters of wild soybeans in our country, and no formal 



 

research has been reported so far. The purpose of this research was to screen out the 

genotypes of high resistance from wild soybean resources and carry out research on the 

mechanisms and genetic aspects of resistance.  This paper reports the first part of this research, 

namely, the results of screening for resistance.   

 

Investigation materials and identification methods 

 

1 .  Preliminary field screening  

 

Test  mater ia ls :  932 wild  soybeans  and  53  semi -wi ld  soybeans co l lec ted  by the  

mater ia l s  group ,  Soybean Ins t i tu te ,  J i l in  Academy of  Agr icu l tu ra l  Sciences .   

Mater ia l s  were  p lan ted a long one row wi th a  row leng th  of  5  meters ,  and p lan t  

and row spac ings  o f  each.  The  inves t iga t ion was conducted during the op timal  

ou tbreak per iod  (July 7-8) o f  A. glycines.  Damage levels on each plant and the number of 

plants on which there were A. glycines were investigated, and the damage index could be 

calculated using the following formula: 

Damage index=(( representative value of damage level * plant number at relative 

levels)/(4*total plant number investigated))*100% 

 

Then, according to  the damage index dis tr ibuti on range of  a ll  materia ls,  the  

resis tance characters of each materia l were divided into five levels : High ly 

Resis tan t (HR), Resistant (R),  Moderately Resistance (M), Susceptible  (S),  High 

Susceptible  (HS).  

 

The plant infection level-grading standard is as follows: 

Representative value of level Plant exterior response and aphid population 

Level 0 The plants develop normally with no aphids on whole plants; 

Level 1 The plants develop normally with sporadic aphids (c. less than 

100) 

Level 2 The plants develop almost normally with some aphids on the top 

caulicle and young leave (about 101~300); 

Level 3 Honey dew appears on the leaf surfaces; the leaves are a little 

curled; many aphids are scattered on the caulicle and young 

leaves (about 301~800); 

Level 4 The plants are dwarfish, the leaves change to yellow and are very 

frizzy, the aphid amount is above 801. 

 

The preliminary screening in fields was done in 1984. 

 

2 .  Art if ic ia l  inoculat ion screening  

 

Test  mater ia ls :  In  1985,  ar t i f ic ia l  inoculation screening was carried out. The 

soybean material genotypes used were 31 85-1s with high resistance etc. in the preliminary field 

screening and 9 genotypes with high susceptibil ity such as 85-18s etc. as a contrast. In 



 

1986, the inoculation screening test materials were 10 85-1s that exhibited high resistance and 

aphid resistant genotypes from the inoculation screening from the last year and 5 control 

genotypes that exhibited high susceptibility such as 85-18s; 8 cultivated soybeans that exhibited 

aphid resistance in fields such as SunWuXiaoBaiMei  and ZhongShengLuo e tc .  were 

a lso  used .   

 

Test  methods:  Sowing was done in  ear ly May.  Each genotype was p lan ted in  

one row wi th a  p lan t  spac ing of  20cm and row spac ing of  60cm; there  were 10 

p lan ts  in  each row and there  was  no rep lica t ion .  When the  p lants  g rew to  20cm 

he igh t ,  then bamboo poles were used to support them. All test and  control 

materials were covered under a large net cage covering an area of 40 mu  [666.7m
2
]; 

the size of the cage house was 20m long x 5.4m wide x 1.8m high.  All aphids, 

natural enemies of aphids , and other pests on plants were removed manually before 

the net was fixed. The leaf-clipping method was used to inoculate aphids until the 

second compound leaf in the plants fully unfurled. All aphids were mass-cultured in 

advance on Jiunong No. 9 cultivated soybeans; 20 A. glycines nymphs that developed 

almost uniformly were inoculated on each plant. The damage levels and number of plants on 

which there were A. glycines were investigated every 5 days after inoculation, and the damage 

indices were calculated. Then, based on the highest damage index of the genotypes, the levels 

could be identified while referring to the susceptible checks.  

 

A non-buckling net screening was conducted in 1986. This was a replicated field 

experiment in which a cage structure without any buckling device was used. Each 

genotype  was p lan ted on one row wi th a  p lan t  spac ing of  45cm and row 

spac ing of  60cm; there  were 10 p lan ts  in  each row and they were rep l ica ted  

four  t imes.  The  des ign was  in  randomized  b locks .  The  aphid inoculation period and 

the numbers were the same as the buckling net inoculation screening. The damage levels and 

the plant number on which there were A. glycines were observed on July 7-8, and the damage 

indices were calculated. Analysis of variance was done after the damage indices of each material 

and each replicate were transformed by sin
-1

.  

 

3 .  Observat ions  of  growth rate  of  aphid populations on different materials  

 

Mater ia ls :  H igh ly resis tan t  genotypes,  85-39  and  85 -32 ;  res is tan t  genotype ,  

85-38 ;  and h igh ly suscep t ib le  genotype ,  85-16 . 

 

Methods:  The above mater ia ls  were  p lanted  in  glass tubes with a length of 5cm 

and diameter of 4cm. One end of the tube was sealed using copper mesh, and wet 

absorbent-cotton was laid under the mesh to plant the seeds within. The other end 

was sealed using nylon yarn with 40 mu  to prevent aphids from escaping. One 

variety was planted in each tube, rep licated four times. 5 young aphids that had 

developed almost consistently were inoculated on each plant after the true leaves 

appeared. The aphid source for inoculation was the offspring that had been 

reproduced by the same aphid on the Jiunong No. 9 cultivated soybeans. The aphid 

amount was investigated daily the second day after inoculation. The experiment 



 

was carried out under the conditions of 12 hours illumination and 25℃ (day 

temperature)/ 20℃ (night temperature) in an artificial climate box.   

 

Results and discussion 

 

1 .  Pre l iminary  field screening 

 

Table  1  shows tha t  the aph id  res is tan t  and  suscep t ib le  mater ia ls  had a lmost  the  

same number  as  the  high ly res is tan t  and  high ly suscept ib le  mater ia l s  in  the  

f ie lds .  And a lmost  hal f  of  the  genotypes exh ib i ted  modera te  resis tance  or  

suscep t ib i l i ty .   

 

Table 1 Preliminary screening results of 985 wild and semi-wild A. glycinesin fields (Gongzhuling, 1984) 

R e s i s t an c e  

l e v e l  

U n i t  

n u mb e r  

I t e m 

 

 

H R 

 

 

R  

 

 

M 

 

 

S  

 

 

H S  

 

 

To t a l  

U n i t  

n u mb e r  

3 6  2 1 7  4 3 5  2 5 6  4 1  9 8 5  

P e r ce n t a g e  3 . 7  2 2 .0  4 4 .2  2 6 .0  4 . 2  1 0 0 .0  

 

Table 2  Distribution table of wild and semi-wild soybeans’ preliminary screening in fields (Gongzhuling, 1984) 

R e s i s t an c e  

l e v e l  

Wild soybeans semi-wild soybeans 

U n i t  n u mb e r  P e r ce n t a g e  ( %)  U n i t  n u mb e r  P e r ce n t a g e  ( %)  

H R 3 6  3 . 9  0  0 . 0  

R  2 1 6  2 3 .2  1  1 . 9  

M 4 3 0  4 6 .1  5  9 . 4  

S  2 3 2  2 4 .9  2 4  4 5 .3  

H S  1 8  1 . 9  2 3  4 3 .4  

To t a l  9 3 2  1 6 0 .0  5 3  1 0 0 .0  

 

Aphid  dens i ty in  the exper imenta l  space  was  re la t iv e ly low and  had  no 

cons is tency under  preliminary field screening condi t ions , which might cause 

some materials to generate pseudo-resistance phenomena. It is generally believed 

that preliminary screening might only remove many non-resistant character 

materials, but without ascertaining the resistant characters of materials  

 

Among the  53  semi -wi ld  soybeans  in  the preliminary field screening, there were  

no h igh res is tan t  mater ia l s ;  1  res is tan t  mater ia l ;  and 47  suscep t ib le  and h igh ly 

suscep t ib le  aph id  mater ia ls ,  which made  up 88 .7% of  the  to tal  amount.  The 

res is tance level  d is t r ibu t ion of  the semi -wi ld  soybeans  was  d is t inc t ly d i f fe rent  

f rom tha t  o f  the  wi ld  soybeans  ( see  Table  2) .   Th is  seems to  indica te  tha t  the 

aph id  res is tance  leve l  o f  th is  middle  evo lut ion ary type  be tween wi ld  and  

cu l t iva ted soybeans -- semi-wi ld  soybeans --  has  a  dec l in ing  trend compared 



 

with tha t  of  wild  soybeans.  

 

2 .  Art if ic ia l  inoculation screening 

 

In  the  cage house screening of 1985, 6 out of 31 genotypes that showed high 

resistance in preliminary field screening continued to exhibit high resistance: 85-1, 

85-4, 85-29, 85-39, 85-32 and 85-38.  Four out of 31 materials were aphid 

resistant: 85-31, 85-20, 85-40 and 85-34. The total of these two kinds were 10, 

which marked 32.3% of the total  genotypes. The 21 remaining materials were 

moderately resistant (12), susceptible (1), or highly susceptible (8) respectively 

(see table 3).  

 

Table 3 Response of 31 wild soybeans to inoculating aphid in cage houses (Gongzhuling, 1985) 

M a te r i a l  

N o .  

D a ma g e  

i n d e x  

( % )  

R e s i s t an c e  

l e v e l  

Preliminary 

field 

s c r e en i n g  

l e v e l  

M a te r i a l  

N o .  

D a ma g e  

i n d e x  

( % )  

R e s i s t an c e  

l e v e l  

Preliminary 

field 

s c r e en i n g  

l e v e l  

8 5 -1  5 0 .0  H R H R 8 5 -2 1  6 0 .7  M H R 

8 5 -2  1 0 0 .0  H S  H S  8 5 -2 2  8 5 .1  H S  H S  

8 5 -3  5 5 .0  M H S  8 5 -2 3  6 5 .0  M H R 

8 5 -4  4 7 .0  H R H R 8 5 -2 4  1 0 0 .0  H S  H R 

8 5 -5  1 0 0 .0  H S  H R 8 5 -2 5  1 0 0 .0  H S  H S  

8 5 -6  6 5 .0  M H R 8 5 -2 6  7 2 .2  M H R 

8 5 -7  6 5 .0  M H R 8 5 -2 7  6 0 .1  M H R 

8 5 -8  6 5 .0  M H R 8 5 -2 8  6 0 .1  M H S  

8 5 -9  1 0 0 .0  H S  H R 8 5 -2 9  4 5 .0  H R H R 

8 5 -1 0  1 0 0 .0  H S  H R 8 5 -3 0  1 0 0 .0  H S  H S  

8 5 -1 1  1 0 0 .0  H S  H R 8 5 -3 1  5 0 .1  R  H R 

8 5 -1 2  7 2 .5  M H R 8 5 -3 2  4 4 .4  H R H R 

8 5 -1 3  1 0 0 .0  H S  H S  8 5 -3 3  6 2 .5  M H R 

8 5 -1 4  6 2 .5  M H R 8 5 -3 4  5 2 .7  R  H R 

8 5 -1 5  1 0 0 .0  H S  H R 8 5 -3 5  1 0 0 .0  H S  H R 

8 5 -1 6  1 0 0 .0  H S  H R 8 5 -3 6  6 2 .5  M H R 

8 5 -1 7  1 0 0 .0  H S  H S  8 5 -3 7  7 5 .0  M H R 

8 5 -1 8  8 2 .5  S  H S  8 5 -3 8  4 1 .6  H R H R 

8 5 -1 9  7 7 .5  S  H R 8 5 -3 9  3 7 .5  H R H R 

8 5 -2 0  5 7 .5  R  H R 8 5 -4 0  5 2 .5  R  H R 

N o t e :  Re s i s t an ce  l e v e l  r an g e :  

R e s i s t an c e  

l e v e l  

H R R  M S  H S  

D a ma g e  

i n d e x  r an g e  

0 . 0 -5 0 .0  5 0 .1 -6 0 .0  6 0 .1 -7 5 .0  7 5 .1 -8 5 .0  8 5 .1 -1 0 0 .0  

 

The  condi t ions  o f  an  aph id  ou tbreak  were  created  us ing  buckled net
 [4 ]

.  The 

aphid density in the cage house was even higher than that in an outbreak year under 



 

natural field conditions, which made the different values for damage indices of 

various resistant materials increase. In the experiment, the lowest damage index 

was 37.5% and the highest damage index was 100.0%; the difference value was 

62.5% (see Table 3). In this case, the resistance characters and sense characters are 

easily identified. Seen from the exterior appearance of the plants, although there 

were few aphids parasitizing aphid resistant materials, they grew normally. The 

aphid susceptible materials stopped growing, and their leaves were curled and 

crimpled when there was high-density aphid infestation. Also, their leaf surfaces 

were black gray due to mildews. 

 

In  the  cage house inoculating aphid identification in 1986, the damage indices of 

partial materials increased compared with those in the previous year. The five  

control lines that were observed to be aphid susceptible  in two years were almost 

consistent (see Table 4), which perhaps resulted from the situation where aphid 

density in the cage house was too high in 1986. Three high resistance and aphid 

resistance materials 85-32, 85-38 and 85-39 were sown by plant series in 1986. 

Totally 22 rows made up over half the total cage house area.  But these three 

materials were sown into only three rows in 1985 (the area of the cage house being 

the same as in 1986). When highly resistant materials were selectively grown in an 

area, more aphids might infest some materials with relatively low resistant 

characters and increase the damage indices.   

 

Table 4 Response of 10 wild soybean to A. glycines in cage house (Gongzhuling, 1986) 

M a te r i a l  No .  D a ma g e  in d e x  

( % )  

R e s i s t an c e  l e v e l  R e s i s t an c e  l e v e l  i n  

1 9 8 5  

8 5 -1  4 3 .8  H R H R 

8 5 -4  5 0 .1  R  H R 

8 5 -2 9  7 9 .2  S  H R 

8 5 -3 9  4 4 .0  H R H R 

8 5 -3 2  4 3 .9  H R H R 

8 5 -3 8  5 6 .6  R  H R 

8 5 -3 1  5 0 .1  R  R  

8 5 -2 0  7 5 .0  M R  

8 5 -4 0  8 8 .9  H S  R  

8 5 -3 4  6 9 .4  M R  

8 5 -1 6  7 8 .6  H S  H S  

8 5 -1 3  1 0 0 .0  H S  H S  

8 5 -9  1 0 0 .0  H S  H S  

8 5 -1 8  1 0 0 .0  H S  H S  

8 5 -2  9 7 .5  H S  H S  

Su n Wu X i ao B aiM e i  1 0 0 .0  H S   

Lv Z h a Do u  1 0 0 .0  H S   

An D o n gFu Sh o u  1 0 0 .0  H S   

Zh e D a4 5 5  1 0 0 .0  H S   

Zh o n gSh en g Lu o  1 0 0 .0  H S   



 

Gu o Yu 9 8 - 2  1 1 0 .0  H S   

Gu o Yu 9 8 - 4  5 5 .5  R   

Gu o Yu 1 0 0 -4  5 5 .5  R   

N o t e :  R e s i s t an ce  l e v e l  r an g e  i s  t h e  s a me  a s  t h a t  i n  1 9 8 5 .  Th e  Ch in es e  wo rd s  i n  t h e  t ab l e  

a r e  t h e  n a me s  o f  t h e  cu l t i v a t ed  s o yb ea n s .  

 

Among the  8  cu l t iva ted  soybeans  tha t  were  found  to  be  aphid  res is tan t  in  

f ie lds ,  on ly Guoyu98 -4  and  Guoyu100 -4  were  s t i l l  res is tan t .  Al l  o thers  were  

seen to  be h igh ly suscep t ib le  in  the  cage house inoculation experiment  ( see 

Table  4 ) .    

 

Based on the above resu l ts ,  we th ink the number of  genes that could resist A. 

glycines in the wild soybeans is higher than that in the cultivated soybeans.  The 

Soybean Ins t i tu te ,  J i l in  Academy of  Agr icu l tu ra l  Sc iences  evaluated aphid 

resistant characters of 2073 cultivated soybeans; only 10 soybean  varieties were  

aphid resistant, and none was highly resistant. Only 2 varieties were still aphid 

resistant after 8 out of 10 varieties were subjected to inoculation experiments 

repeatedly. The selection rate of the aphid resistant and highly resistant materials 

was no greater than 0.19%, and the resistance level was also relatively low. In our 

experiment, the selection rate of the  aphid resistant and resistant highly materials of 

wild soybeans was 0.65, and the resistance character level was also higher than that 

of cultivated soybeans.  

 

We summarized  the resu l ts  o f  the  cage house inoculation experiment in two years 

and with reference to the preliminary field screening, the generally evaluated 

resistance levels of the following 10 materials are as follows (see Table 5).  

 

Table 5 Comprehensive evaluation of 10 wild soybeans for aphid resistance (1986) 

M a te r i a l  

N o .  

Cage houses 

invest igation in  1985 

Cage houses 

invest igation in  1986 

O v e r a l l  

r e s i s t an c e  

l e v e l  

P r e l i min ar y  

f i l t e r in g  

r e s i s t an c e  

l e v e l  i n  

1 9 8 4  

D a ma g e  

i n d e x  

( % )  

R e s i s t an c e  

l e v e l  

D a ma g e  

i n d e x  

( % )  

R e s i s t an c e  

l e v e l  

8 5 -1  5 0 .0  H R 4 3 .8  H R H R H R 

8 5 -4  4 7 .5  H R 5 0 .1  R  R  H R 

8 5 -2 9  4 5 .0  H R 7 9 .2  S  S  H R 

8 5 -3 9  3 7 .5  H R 4 4 .0  H R H R H R 

8 5 -3 2  4 4 .4  H R 4 3 .9  H R H R H R 

8 5 -3 8  4 1 .6  H R 5 6 .6  R  R  H R 

8 5 -3 1  5 0 .1  R  5 0 .1  R  R  H R 

8 5 -2 0  5 7 .5  R  7 5 .0  M M H R 

8 5 -4 0  5 2 .5  R  8 8 .9  H S  H S  H R 

8 5 -3 4  5 2 .7  R  6 9 .4  M M H R 

 

The overa l l  res is tance leve l  [co lumn 6]  was eva lua ted us ing the exper iment  on 



 

which the damage index  was the highes t .   

 

In  the replicated non-buckled cage inoculation experiment in fields, the outbreak of aphids 

was very low. Although the damage indices of the highly resistant materials were d is t inct ly  

d i f fe rent  f rom those  of  the non -highly resistant materials, the difference in the damage 

indices among the non-highly resistant materials was not remarkable (see Table 6). The damage 

indices of the highly resistant and aphid resistant materials in the non-highly resistant materials 

were usually lower than those of other kinds of materials, which were basically consistent with the 

results of the  cage house experiment (see Table 6).  

 

Table 6 Mean comparison of 15 wild soybeans’ damage indices (Gongzhuling, 1986) 

M a te r i a l  No .  D a ma g e  in d e x  

( % )  

Significance l e v e l  

( 5 %)  

O v e r a l l  

r e s i s t an c e  l e v e l  

R e ma r k  

8 5 -1 3  4 8 .6  a  H S  1 .  Th e  d a ma g e  

i n d i c e s  a r e  t h e  

a v e r a g e  v a lu es  

o f  4  

r e p e t i t i o n s .  

2 .  In  AN OV A 

F 0 . 0 1 =2 . 4 8 ;   

 

P ro c es s in g :  

F =7 .7 ;  

 

R e p e t i t i o n :  

F =0 .3 9 ;  

8 5 -1 6  4 7 .7  a  H S  

8 5 -1 8  4 7 .5  a  H S  

8 5 -9  4 6 .6  a  H S  

8 5 -2  4 6 .2  a  H S  

8 5 -2 9  3 2 .0  b  M 

8 5 -4 0  3 1 .6  b  S  

8 5 -3 4  3 0 .2  b  M 

8 5 -3 8  3 0 .0  b  R  

8 5 -1  2 9 .7  b  H R 

8 5 -4  2 7 .3  b  R  

8 5 -2 0  2 6 .1  b  M 

8 5 -3 9  2 5 .7  b  H R 

8 5 -3 1  2 5 .7  b  R  

8 5 -3 2  2 5 .0  b  H R 

 

3 .  The growth rate observation of A. glycines populations on different materials 

 

The popula t ion growth  ra te  o f  aph ids tha t  parasitized seedlings of susceptible 

materials was obviously higher than that on the aphid resistant materials. The 

average aphid population on each plant was 23 after the  susceptible accession 85-16 

was inoculated for 9 days. In the same period, it was 1.8  on 85-39, 4.5 on 85-38 and 

5.3 on 85-32 (see Table 7). 

 

Table 7 Growth rate of A. glycines on different soybean accessions (Gongzhuling, 1986) 

D a y n

u mb e r  

P l an t  

n u mb e r  

N o .  

 

 

1  

 

 

3  

 

 

5  

 

 

7  

 

 

9  

 

 

1 1  

 

 

1 3  

 

 

1 5  

 

 

1 7  

 

 

1 9  

8 5 -3 9  3 . 2  1 . 8  1 . 3  2 . 0  1 . 8  2 . 3  1 . 3  3 . 3  1 . 5  2 . 5  

8 5 -3 8  3 . 3  2 . 0  3 . 5  3 . 3  4 . 5  5 . 8  7 . 3  7 . 3  7 . 3  5 . 0  



 

8 5 -3 2  3 . 0  2 . 3  1 . 0  3 . 0  5 . 3  3 . 0  3 . 3  3 . 3  3 . 3  4 . 7  

8 5 -1 6  5 . 3  7 . 7  8 . 0  1 4 .0  2 3 .0  2 3 .3  2 0 .3  1 3 .0  2 2 .7  3 3 .0  

 

The aphid resistant level observed on wild soybean in the seedling period was almost 

consistent with the resistant characters of fully-grown plants. The above results also 

further validated the results of the  cage house and the aphid inoculation experiment in 

fields. 

 

Conclusions 

 

1 .  The responses of  d iffe ren t  wi ld  soybean mater ia ls  to  damage f rom A. glycines 

were different from one other. The damage indices of the aphid resistant materials were obviously 

lower than those of the susceptible materials. The highest difference value between these two 

groups of material damage indices reached 62.5% under high-density aphid infestation in the 

cage house. The growth rate observation results of the A. glycines also validated the existence of 

such differences. 

 

2 .  Three wi ld  soybeans  --  85-39, 85-32 and 85-13 -- had very high aphid 

resistance characters, which had been identified as High ly Resistant in our grading 

method of resistance levels. Their resistance character levels were also higher than 

those of the aphid resistant materials that were screened from the current cultivated 

soybeans. In addition, three wild soybeans -- 85-38, 85-31 and 85-4 -- also had 

some resistant characters, which could be identified as aphid resistant.  
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