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Abstract 

Grain yield of sorghum hybrids resistant to sor
ghum midge, Contarinia sorghicola (Coquillett), should 
be equal to that of susceptible hybrids to facilitate 
acceptance by producers. This research was conducted 
to evaluate the performance of sorghum midge resis
tant and susceptible hybrids in the presence and ab
sence of the pest insect. Hybrids were evaluated in 1988 
and 1989 at Lubbock, Texas, in the absence of sorghum 
midge and at College Station, Texas, in 1989 when 
sorghum midges were present at damaging infestation 
levels. There was no significant difference in yield 
between resistant and susceptible hybrids from a late 
June planting at Lubbock. Some sorghum midge resis
tant hybrids produced ahigher grain yield than suscep
tible hybrids.  

At College Station, resistant hybrids sustained 
significantly less damage and produced significantly 
higher grain yields than susceptible hybrids. Several 
hybrids performed well at both locations. Resistant 
hybrids produced slightly smaller kernels, were earlier, 
and shorter than susceptible hybrids. Resistant hy
brids with yield equal to that of susceptible hybrids in 
the absence of sorghum midge with a late planting date 
and significantly superior in the presence of the pest 
insect include ATx2755 x Tx2870, ATx2755 x Tx2874, 
ATx2801 x Tx2878, ATx2801 x Tx2879, and ATx2755 
x Tx2878.  

Introduction 

Sorghum midge, Contarinia sorghicola 
(Coquillett) (Diptera:Cecidomyiidae), is a serious in
sect pest of sorghum, Sorghum bicolor (L.) Moench, in 
many areas of sorghum production. Utilization of 
sorghum midge resistant hybrids in a production 
system would reduce production inputs and costs 
through fewer insecticide applications with associ
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ated benefit(s) to the agroecosystem. Yield and agro
nomic traits of resistant hybrids should be at least 
equal to those of susceptible hybrids for acceptance by 
producers. Producers growing a resistant hybrid then 
would have yield potential equal to susceptible hy
brids in the absence of midges and benefit from 
resistance when midges were present.  

Previously developed midge resistant hybrids pos
sessed lower yield potential than susceptible hybrids.  
Through the sorghum conversion program (Stephens et 
al., 1967) 483 converted exotic cultivars have been 
released for use in breeding programs. Following 
identification of converted exotic lines that were sor
ghum midge resistant (Johnson et al., 1973), a breeding 
program was initiated by Texas A&M University plant 
breeders and entomologists to develop elite, adapted 
cultivars suitable for use in hybrid seed production. The 
released full converted cultivars, plus numerous photo
period-insensitive introductions, have been screened 
for resistance to sorghum midge (Wuensche et al., 1981; 
Peterson et al., 1989), and a number of resistant 
germplasm lines identified. Improved resistant lines 
also have been developed through pedigree breeding 
and released (Johnson et al., 1982a; Johnson et al., 
1982b; Peterson et al., 1984; Peterson et al., 1985; and 
Peterson et al., 1991).  

Identification and utilization of sorghum midge 
resistance was facilitated by studies on the biology of 
sorghum midge and its interaction with resistant and 
susceptible sorghum hybrids. Waquil et al. (1986a,b,c) 
studied the effect of resistance on female midges. The 
primary resistance mechanisms were identified as 
nonpreference for visitation, nonpreference for oviposi
tion, and antibiosis. They concluded thatfemale midges 
spend less time searching and more time probing/ 
ovipositing in spikelets of resistant hybrids than in 
spikelets of susceptible hybrids. Antibiosis was at a 
very low level. Hallman et al. (1984) assessed the 
damage to resistant or susceptible sorghum hybrids 
and concluded that a resistant hybrid sustained ap
proximately one-fifth as much damage as a susceptible 
hybrid at equal infestation levels. The reduced level of 
damage was attributed to a reduction in oviposition and
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fewer abortedkernels resultingin less grain weightloss 
per ovipositing female. Based upon this research, eco
nomic thresholds of one sorghum midge per panicle for 
susceptible hybrids and five midges per panicle for 
resistant hybrids were established.  

Teetes et al. (1986) determined that less insecticide 
is required to maintain yield of resistant hybrids than 
susceptible hybrids. Fewer insecticide applications 
translate into greater economic return per acre of 
production, assuming equal yields of the resistant and 
susceptible hybrids. Teetes (1985) gives an excellent 
discussion on the role of sorghum midge resistant 
hybrids as part of an integrated pest management 
system. The discussion also details research on sor
ghum midge biology and population dynamics.  

The breeding/entomology program is continually 
evaluating introductions for additional sources ofresis
tance. New resistance sources diversify the genetic base 
relative to resistance, and increase the probability of 
being able to combine genes in elite lines for greater 
resistance. Most resistance sources are poor agronomi
cally (small seeds, poor pollen shed and anther extru
sion, little exsertion of the panicle above the flag leaf 
and, in many populations, short stature) and produce 
less useful segregating populations from which to select 
improved types. Introduction of this germplasm also 
brings susceptibility to many diseases as well as insec
ticide phytotoxicity which affects yield directly. To 
broaden the genetic diversity of the breeding program 
gene pool, a priority research initiative has been the 
introduction of susceptible cultivars with favorable 
traits. In doing so, an attempt has been made to main
tain resistance while improving many other important 
traits. However, the primary trait of importance is 
grain yield of midge resistant hybrids. Without grain 
yield equal to that of susceptible hybrids in the absence 
of midge, resistant hybrids would seldom be utilized.  

Materials and Methods 

The experiments summarized in this report were 
conducted at the Texas A&M University Agricultural 
Research and Extension Center at Lubbock and the 
Texas Agricultural Experiment Station (TAES) re
search farm near College Station. Resistantexperimen
tal hybrids in the Midge Hybrid Test were selected from 
the TAES insect resistance breeding program. The 
pollinators ofthese experimental hybrids were released 
and distributed by TAES in 1989. Resistant hybrid 
checks also were selected from the TAES breeding 
program. Susceptible checks were chosen based upon 
their use by commercial industry and maturity (to give 
a measure of sorghum midge abundance throughout 
the anthesis period). Checks had previously been clas
sified for resistance/susceptibility and yield potential.  

At Lubbock, fertilizer (160-40-0 lb/A) was applied 
preplant both years based upon a soil analysis. Agro
nomic practices followed were those common for limited 
irrigation sorghum on the Texas High Plains. The

experimental area was irrigated preplant plus two 
postplant applications. Herbicides applied were 
Propazine pre-emergence and Prowl postemergence.  
Planting dates were June 28, 1988, and June 29, 1989.  

At College Station, the experimental area was 
fertilized preplant both years with 75 lb/A nitrogen (32
0-0). Additional fertilizer, 40 lb/A (32-0-0), was side
dressed during the growing season. Plots were planted 
on May 5, 1988, and May 9, 1989, approximately 45 
days later than normal seedingfor the area. Agronomic 
practices used were common for irrigated sorghum 
grown in the area. The experimental area was treated 
with the herbicide Propazine pre-emergence in both 
years.  

Entries were visually rated for midge damage at 
physiological maturity on the percentage of kernel loss 
per panicle due to sorghum midge. The visual damage 
rating scale was similar to that utilized by Johnson et 
al. (1973). Using this rating scale, 1 = 1 to 10% kernel 
loss per panicle, 2 = 11 to 20% kernel loss, and up to 9 
= 81+% kernel loss. Utilization of this scale allows a 
rapid estimation of sorghum midge damage, and the 
mean visual midge damage rating (MDR) approxi
mates percentage kernel loss.  

All plots were hand-harvested (13.1 ft. = 1/1000 
acre with a 40 inch between row spacing) and threshed 
with a stationary plot thresher. Within each plot, all 
panicles, including panicles on tillers, were harvested.  
A random sample of kernels, minus broken or cracked 
kernels, was used to calculate 100 kernel weight.  

Data were analyzed by analysis of variance using 
the General Linear Model procedure of SAS (SAS 
Institute Inc., 1985). Mean statistical separation was 
determined using a least significant difference (P = 
0.05) test (Steel and Torrie, 1960).  

Results and Discussion 
Grain yield, midge damage rating, and selected 

characteristics of entries in the Midge Hybrid Test are 
given in Table 1. There were no significant differences 
in grain yield ofthe resistant and susceptible hybrids at 
Lubbock in the absence of the pest insect. The two top 
yielding entries and 15 of 18 hybrids not significantly 
different from the top yielding hybrid were sorghum 
midge resistant hybrids. Apparently the later planting 
date, which is similar to the conditions under which 
sorghum midge resistant hybrids would often begrown, 
is advantageous to the resistant hybrids. The highest 
yielding susceptible hybrids (ATx2752 x RTx430 and 
ATx399 x RTx430) are commonly grown hybrids with 
excellent yield potential and wide adaptation to many 
environmental conditions. Three of the four susceptible 
hybrids were not statistically different from 16 top 
yielding midge resistant hybrids.  

In the presence of damaging infestation levels of 
sorghum midge at College Station in 1989,22 resistant 
hybrids produced significantly more grain yield than 
did susceptible hybrids. This was not unexpected be-
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Table 1. Grain yield, midge damage rating, and selected characteristics in the Midge Hybrid Test.  

Grain yield2  Midge damage3  100 Days to 
LBK CS rating Kernel 50% Plant 

Hybrid Class' 1988-89 1989 1988 1989 weight4  Anthesis' height Exsertion4 

g in.5  in.  

ATx2755 x Tx2870 RxR 4320 3239 2.0 3.0 2.7 57.5 40.3 3.2 
ATx2801 x Tx2878 RxR 4042 3224 2.0 3.3 2.6 57.8 41.7 2.2 
ATx2752 x RTx430 SxS-CK 4008 286 3.7 9.0 3.2 60.0 38.3 1.2 
ATx2801 x TX2879 RxR 3998 2319 2.0 4.3 2.6 58.3 41.5 2.0 
ATx2755 x TX2881 RxR 3989 854 2.0 6.7 2.9 58.0 37.8 1.4 
ATx2755 x Tx2869 RxR 3975 2326 2.0 3.7 2.6 56.3 41.0 2.2 
ATx2755 x Tx2882 RxR 3864 1411 2.3 4.0 2.7 58.0 36.7 2.1 
ATx2801 x Tx2871 RxR 3850 731 2.3 6.0 2.6 57.2 42.5 4.1 
ATx2755 x Tx2880 RxR 3822 2363 2.0 4.0 2.6 56.2 37.3 2.5 
ATx2755 x TX2874 RxR 3742 3367 2.0 2.7 2.6 57.0 39.0 3.2 
ATx399 x RTx430 SxS-CK 3741 265 3.7 9.0 3.4 60.2 37.7 2.1 
ATx2301 x Tx2877 RxR 3575 773 2.3 8.3 3.0 59.5 41.2 2.3 
ATx2755 x Tx2871 RxR 3559 1656 2.0 4.0 2.4 57.3 39.2 2.7 
ATx2755 x Tx2883 RxR 3481 1535 2.0 4.3 2.8 58.3 42.0 3.8 
ATx2755 x Tx2878 RxR 3480 2942 2.3 3.0 2.7 57.5 39.2 2.1 
ATx2755 x RTx430 RxS-CK 3435 1400 3.7 6.0 3.1 58.3 40.5 2.0 
ATx2801 x Tx2882 RxR 3318 1568 3.0 4.7 2.4 58.2 44.7 3.2 
ATx2801 x Tx2873 RxR 3308 1205 2.0 7.0 3.0 58.5 39.0 2.4 
ATx2755 x Tx2873 RxR 3258 1737 2.0 4.3 2.9 57.8 36.8 2.0 
ATx2801 x Tx2883 RxR 3223 1513 2.7 7.3 2.9 59.5 42.2 1.8 
ATx2801 x Tx2876 RxR 3153 909 2.3 6.7 3.0 56.8 41.2 2.3 
ATx623 x RTx430 SxS-CK 3136 267 3.3 9.0 3.1 59.2 43.8 2.4 
Tx2801 x Tx2872 RxR 3108 2363 2.0 4.0 2.8 58.0 40.0 2.2 
ATx2755 x Tx2767 RxR-CK 2992 2107 2.0 3.0 2.9 59.5 37.7 1.0 
ATx2801 x Tx2870 RxR 2648 1359 2.3 5.0 2.7 60.0 39.8 0.8 
ATx2755 xTx2887 RxR 2412 1777 2.0 4.7 2.6 58.8 34.7 1.2 
ATx2801 x Tx2767 RxR 2298 972 2.3 7.3 2.7 61.2 37.5 1.3 
Test Mean 3471 1648 2.4 5.3 2.8 58.3 39.7 2.2 
LSD. 1061 926 0.6 1.3 0.3 1.8 3.0 1.4 
'Class: R = Resistant; S = Susceptible; CK = Check.  
2Grain yield based on 13.1 ft - 1/1000 A.
3Midge damage rating on scale of 1 = 0-10% kernel loss, 2 - 11-20% ker 4At Lubbock.  
5In. = inches.  

cause of the high midge density present during the 
anthesis period as reflected by the MDR for that year 
and location. The top yielding hybrid at College Station 
(ATx2755 x Tx2874) exhibited excellentyield potential 
at Lubbock (3742 lb/A) and was not significantly differ
ent for grain yield than the susceptible checks or the top 
yielding resistant hybrids at Lubbock.  

The hybrid ATx2755 x Tx2767 (resistant x resis
tant check) was one of the original hybrids developed in 
the midge resistant breeding program. Grain yield of 
2992 lb/A at Lubbock was significantly less than grain 
yield of the more recently developed hybrid ATx2755 x 
Tx2870. Additionally, that hybrid yielded over 1000 lb/ 
A less than the susceptible check ATx2752 x RTx430 
and resistant hybrids ATx2801 xTx2878 and ATx2801 
x Tx2879. While the yield difference was not significant 
(LSD, 0= 1061 lb/A), it does suggest that progress in 
developing midge resistant hybrids with yield equal to 
susceptible hybrids when the pest insect is absent is 
possible. Yields of the three resistant hybrids listed 
above were greater than that of ATx2755 x Tx2767 
when midge were present, although the difference was 
not significant. This also indicates that yield potential 
of newer resistant hybrids may be superior to that of 
older resistant hybrids when midge are present.

nel loss .... , 9 = 81 -100% kernel loss.  

Resistant hybrids that produced well at both loca
tions included ATx2755 x Tx2870 and ATx2801 x 
Tx2878. In addition to producing good grain yields at 
both locations (4320 and 4042 lb/A at Lubbock, and 
3239 and 3224 lb/A at College Station, respectively), 
these two hybrids were rated as significantly superior 
to the susceptible checks, and many other resistant 
hybrids, for midge damage rating. The hybrid ATx2755 
x Tx2878 also exhibited good resistance and grain yield.  
Hybrids with less resistance and grain yield than the 
most superior resistant hybrids at College Station in
cluded ATx2801 x Tx2879, ATx2755 x Tx2869, 
ATx2755 x Tx2878, and ATx2801 x Tx2872. The only 
hybrid of this latter group to produce significantly less 
grainyieldthan thebesthybridatLubbockwasATx2801 
x Tx2872. These results indicate that it is possible to 
select hybrids with excellent resistance and yield in the 
presence ofmidge and that also possess acceptable yield 
in the absence of midge.  

Resistant hybrids generally sustained less midge 
damage than did susceptible hybrids. A susceptible 
hybrid with lower MDR than the resistant hybrids 
indicates midge density at anthesis was less than 
desirable. While this was not unexpected, the level of 
midge resistance in the resistant hybrids is encourag
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ing. All sources of midge resistance are apparently 
inherited in a recessive and quantitative manner. To 
produce a hybrid with midge resistance requires both 
parents to be resistant. However, many hybrids that 
had been previously evaluated exhibited MDR lower 
than either parent. Development of enhanced 
germplasm which will transmit resistance to hybrid 
progeny is ofcritical importance and a positive develop
ment in the breeding program.  

Resistant hybrids produce kernels that are smaller 
(Table 1) than kernels on susceptible hybrids although, 
in limited instances, the difference is not significant.  
Small kernel size is of concern in the commercial utili
zation of midge resistant hybrids. Most seed companies 
and producers want hybrids with large uniform ker
nels. While improvement is needed for this trait, it may 
be linked with the resistance trait(s). Many of the 
identified resistance sources possess small kernels and, 
while larger kernels are selected in segregating genera
tions andpopulations, additional improvementis needed 
for this trait.  

Resistant hybrids were slightly earlier than sus
ceptible hybrids, although the differences were not 
usually significant. Susceptible hybrids in this test 
were selected for their yield potential and wide use and 
would probably not be recommended for planting at the 
later dates utilized in this study. Earlier maturity has 
been selected for in the resistant parental lines. It is a 
favorable trait for a crop grown under the conditions in 
which resistant hybrids are used.  

A relationship was notfound between resistant and 
susceptible hybrids for plant height and exsertion ofthe 
panicle above the flag leaf. These are somewhat vari
able traits, which are influenced by environment and 
amount of moisture received. Resistant hybrids should 
possess heights similar to susceptible hybrids.  

Based on the data and the environments presented, 
in the absence of the pest insect, a significant yield 
difference was not apparent between resistant and 
susceptible hybrids for a late season planting date.  
When midges are present, the resistant hybrids will 
yield significantly more than susceptible hybrids. Sus
ceptible hybrids possess larger kernels than do resis
tant hybrids and difference is mostly significant. There 
was little difference between resistant and susceptible 
hybrids for the other traits studied.  
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