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A B S T R A C T

Breeding maize with improved protein quality was started in mid 1960s with the discovery of 
mutants, such as Opaque-2 that produce enhanced levels o f lysine and tryptophan, the two amino acids 
deficient in the maize endosperm. Research programme was conducted in three seasons, yala  2009, 
maha 2009/2010 an Ayala  2010 at Field Crops Research and Development Institute, Mahailluppallama, 
with the objective o f evaluating the suitability quality protein maize single cross hybrids, developed 
from seven QPM inbred lines (CML161, CM L171, CM L164, CM L168, CML189, CML193 and 
CML194) received from International Maize and W heat Improvement Centre (CIMMYT), Mexico. 
Five promising QPM  hybrids, KH74, KH76, KH156, KH157 and KH38 were evaluated along with 
Sampath, and Pacific 984 in National Coordinated Varietal Test (NCVT) at research stations 
representing maize growing areas. During yala  season 2010 five promising QPM hybrids were 
evaluated along with Sampath, and Pacific 984 in Varietal Adaptability Test (VAT) In farmer fields in 
maize growing districts. Genotype x environment interaction o f multi-locational trials was analysed 
using Variance Component method. Adaptability (D) and stability parameters (S2) were also 
calculated. Results revealed that three QPM hybrids, KH74, KH156 and KH157 showed comparable 
adaptability with check hybrids over the location for two seasons but the cob appearance o f KH156 
was poor. VAT trials conducted during yala  2010 showed that QPM hybrids KH74, KH76 and KH157 
have better adaptability com parable to commercial check hybrid, Pacific984. These hybrids also had a 
higher tryptophan contents compared to check hybrids. Therefore, KH74, KH76 and KH157 were 
selected as candidate QPM hybrid for varietal release.

KEYWORDS: CIMMYT, Maize hybrid, QPM hybrid, Quality Protein.

IN T R O D U C T IO N

M aize (Zea m ays L .) occupies the  second largest extent o f  the to tal cultivated 
extent o f  cereals in Sri Lanka, w here, about 95 %  is rice, 4  %  is m aize and the rest is 
occupied by  m illets. A t p resen t the average annual ex tent under m aize cultivation is about 
88,857 ha (A gStat, 2012) and national m aize requirem ent is about 176,010 t, w hich  is 
m ainly u tilized in anim al feed production. In addition, a  considerable am ount o f  m aize 
grains are utilized in the  form ation o f  a  w eaning  food fo r lactating m others and  for



children. O ther forms o f  uses such as m aize flakes, oil and flour are also im ported. A s th e  
estim ated national production is around 239,134 t and at present Sri L anka is se lf- 

sufficient in m aize production.

M aize plays an important role in hum an and animal nutrition m ainly in  
developing countries due to high content o f  carbohydrates, fats, proteins and som e o f  th e  
im portant vitam ins and minerals. Cereal proteins, how ever, have poor nutritional va lu e  
for m onogastric anim als including hum ans due to reduced content o f  essential am in o  
acids such as lysine, tryptophan and threonine. For the  hum an nutrition, lysine is the m o s t 
im portant lim iting am ino acid in the m aize endosperm  protein follow ed by try p to p h an  
(Prasanna et a l., 2001).

Q uality protein maize, or "QPM ", contains naturally occurring opaque-2 m u ta n t 
w hich alters protein composition o f  the m aize endosperm  resulting in increased  
concentration o f  lysine and tryptophan (M ertz e t al., 1964). The kernel hom ozygous fo r  
the single recessive gene opaque-2 had significantly increased lysine and try p to p h an  
contents in the endosperm . It contains around 4 % lysine 1 % tryptophan w hich is a b o u t 
3-4 tim es h igher in com parison to norm al com . B ecause o f  the increased concentration o f  
these tw o essential am ino acids, digestibility and nitrogen uptake is high in Q PM  re la tiv e  
to  norm al-endosperm  maize. The biological value (am ount o f N  that is retained in th e  
body after digestion) o f  QPM is about 80 % , w hile it is 40-57 % in norm al m a iz e  
(Bressani, 1995). Introduction o f  QPM  w ill also im prove nutrient security p ro v id in g  
better nutrition for the needy sectors o f  the population. As suggested by (Bressani, 19 9 5 ), 
children scuffed from malnutrition in m aize-dependent areas benefited a 12 %  in c reased  
growth rate for w eight and a 9 %  increased grow th rate for height w hen substituted Q P M  
for conventional maize.

In 1998, im proved QPM  inbred Jines received* from International M aize a n d  
W heat Im provem ent Centre (CIM M YT), M exico w ere used to  develop Q PM  h y b rid s  
locally at F ield Crops Research and D evelopm ent Institute (FCRDI). M ahailluppallam a. 
Further, G eneral Com bining A bility o f  parental inbred lines and Specific C o m b in in g  
A bility o f  single crosses mated in h a lf  diallel design w ere also assessed by K a ru n a ra tn e  
and Suriyagoda (2008). Therefore, the present study w as conducted in three seasons f r o m  
ya la  2009 to ya la  2010 seasons at different locations in the Dry zone o f  Sri L anka w i th  
the objective o f  evaluating QPM hybrid varieties as a possible substitute for the o rd in a ry  
m aize varieties.



M A TE R IA L  A N D  M E T H O D S

Seven Q PM  inbred lines, C M L161, C M L 171, CM L164, CM L168, C M L189, 
CML193 and C M L194 w ere received from  C IM M Y T, M exico. These inbred lines 
(parental inbred lines) w ere used to develop single cross hybrids, CM L161 x  CM L171 
(KH74), CM L161 x  CM L194 (K H 76), CM L171 x  CM L193 (K H 156), CM LL171 x 
CM L194 (K H 157) and CM L193 x  C M L194 (K H  38) in the crossing blocks o f  the 
research fields o f  FCRD I.

Hybrid seed production  o f  the prom ising crosses

C rossing blocks o f  parental inbred lines w ere established considering their days 
to flow ering, since it is im portant to synchronize the flow ering o f  m ale and fem ale 
parents to  m ake relevant crosses. The tassel o f  fem ale parent w as rem oved before 
pollinating from  the m ale parent. E ar shoots o f  fem ale parent w ere covered by  a  shoot 
bag (w ater p ro o f paper bag or transparent polyethylene bag) before silks are being 
visible. V iable pollen grains from relevant m ale parent w ere collected to  the tassel bag 
(water p ro o f paper bag) w hich was placed onto  tassel on previous day and they  w ere 
transferred on to  the  covered silks o f  fem ale parent. Pollination was done in the m orning 
from 8.00 am to  11.00 am in order to  ensure the  pollen viability. The pollinated  ear 
shoots w ere covered using tassel bags fo r tw o w eeks to  avoid  contam inations. A foresaid 
procedure w as used to  produce seeds o f  five selected  prom ising crosses K H 74, K H 76, 
KH156, K H 157 and K H 38.

Evaluation o f  prom ising Q PM  hybrids in  N ational Co-ordinate V arietal T rials  
(NCVT)

D uring ya la  2009, maha 2009/10 and ya la  2010 seasons, five prom ising Q PM  
hybrids w ere evaluated using non Q PM  hybrid  Sam path and  Pacific 984 (as check hybrid 
varieties) in 5 N C V T  locations at FC R D I, M ahailluppallam a (D L lb ), R egional 
Agricultural R esearch and D evelopm ent C entre, A ralaganw illa (D L2b), A griculture 
Research Station, M adurukatiya (IL lc ), a  Seed Farm , O kkam pitiya (D L la ) and G rain 
Legum es and O il C rops Research and D evelopm ent C enter, A ngunukolapalasse (D L la )  
under supplem entary irrigated conditions. The p lo t size used  w as 5 m in length, and  1.2 
m in w idth. D O A  recom m ended fertilizer levels (urea-325 kg/ha, TSP - lOOkg/ha and 
M OP - 50 kg/ha) and recom m ended spacing (60 cm  x  30 cm  /hill) w ere adopted. The



experim ental design w as a Random ized C om plete B lock D esign w ith 3 replicates. G ra in  
y ields w ere obtained at m aturity using form ula given below .

Y ield (t/ha) =  Plot grain y ield (kgf x  10.000 x  (100 - G rain M oisture %1 
Plot size (m 2) x  1000 x  85.5 %

E ar characters including ear length, ear girth, num ber o f  seed row s, seed c o lo r , 
seed texture, cob shape and other agronom ic characters including plant height, ear h e ig h t, 
stalk lodging days to 50 %  tasseling and silk ing  w ere recorded. G rain yield data w e re  
analyzed using the procedure A N O V A  in SA S (Statistical Analysis Softw are) and m e an s  
w ere com pared using D uncan m ultiple range test. G enotype x environm ent in te rac tio n  
was analyzed using V ariance C om ponent m ethod Adaptability (D ) and s tab ility  
param eters (S 2) w ere calculated using the  m ethod proposed by A beysiriw ardhana (1 9 9 1 ). 
The variety  w ith significantly high positive m ean deviation (D) and non sig n ifican t 
stability param eter (S2) was selected as the m ost adaptable stable variety.

E valuation o f  prom ising Q PM  hybrids in  varietal adaptability tria ls (V A T ) in  
farm ers field

D uring ya la  season 2010 five prom ising  Q PM  hybrids w ere evaluated along  w ith  
Sam path  and  Pacific 984 in V A T  in farm er fields a t Ham bantota, M onaragala  an d  
A nuradhapura d istricts under supplem entary irrigated conditions. The plot size u sed  w a s  
5 m  in length, and 2.4 m in w idth. The experim ental design used w as R an d o m ized  
C om plete B lock D esign w ith 2 replicates under farm er m anagem ent system . G rain  y ie ld s  
w ere obtained at m aturity  and plot y ields w ere calculated sam e as above.

G rain  y ield  data w ere analyzed using  the procedure A NOVA in SAS (S ta tis tica l 
A nalysis Softw are) and m eans w ere com pared using D uncan m ultiple range test. O n  farm  
m ulti-locational y ield  trials w ith few  varieties w ith  m inim um  replicates, w ere evaluated  
for w ide adaptability  and  stability over d iverse environm ents using the m ethod p roposed  
by A beysiriw ardhana (2001), i.e., the deviations o f  the p lot yield from  the  m axim um  p lo t 
y ield in a  given environm ent are com puted and pool analysis o f  variance is run on th ese  
deviations. V ariety, w ith significantly low er m ean deviation (D) and non sign ifican t 
stability param eter (S2) is the m ost stable and adaptable variety.



L aboratory analysis o f  am ino acids

Tryptophan w as determ ined using co lorim etric  m ethod (O pienska-B lauth e t al., 
1963) m odified  by H ernandez and B ates (H ernandez and Bates, 1969). Seven Q PM  
parental lines, nine prom ising Q PM  hybrids w ere evaluated against tw o non Q PM  
hybrids, Pacific 984, the com m ercial check hybrid  and Sampath, the local hybrid. 
R eagent A  w as prepared by dissolving 270 m g FeC l3.6H20  w as in 0.5 ml d istilled w ater 
and diluted to 1 1 w ith glacial acetic acid. R eagent C w as prepared by m ixing voium e-to- 
volum e o f  reagent A  and 30N  sulfuric acid (R eagent B). Papain solution 4 mg/'ml o f  0.1N 
sodium  acetate buffer (pH  7.0) w as prepared  ju s t' before use. Standard tryptophan 
solutions for m aking the standard curve w ere prepared using  L-tryptophan.

A bout 85 m g finely  ground defatted m aize endosperm  sam ples w ere w eighted 
into 13 x 100 m m  screw  capped test tubes and  3 ml papain solution w as added. Tubes 
w ere shook carefully  to  make sure the  sa ir  ’es w ere thoroughly wet. B lanks w ere 
prepared using papain solution. Sam ples w ere incubated for 16 hours at 63±2 °C. Tubes 
were then centrifuged a t 2,500 rpm fo r 15 m inutes. O ne m l hydrolysate w as added to  test 
tubes contain ing  4 ml o f  reagent C and a fter shaking  they  w ere incubated for 15 m inutes 
at 63±2 °C. A bsorbance w as read at 560 nm using  U V -visible spectrophotom eter. Protein 
contents o f  the seeds w ere determ ined by M icro-kjeldahl m ethod (M iller and H oughton, 
1945). M oisture contents o f  the endosperm s w e-e  determ ined using oven drying m ethod 
and crude fat contents w ere determ ined by Soxhlet m ethod (AOAC, 2005).

R ESU LTS A N D  D IS C U SSIO N

E valuation o f  prom ising Q PM  hybrids in  N ational C o-ordinate V arietal Trials 
(NCVT)

Prom ising Q PM  hybrids evaluated in N C V T  during ya la  season 2009 at FCRD I, 
M ahailluppallam a and G LO RD C, A gunukolapalasse show ed significantly low er m ean  
grain yields com pared to that o f  com m ercial check hybrid Pacific 984 (T able 2). 
However, all prom ising  Q PM  hybrids show ed com parable yields with the check hybrid 
Pacific 984 a t R A RD C  A ralaganw illa and  at Seed Farm  O kkam pitiya (Table 1). In the

- V

N C V T o f  prom ising Q PM  hybrids in m aha  2009/10  a t FCRD I, M ahailluppallam a and 
GLORDC, A ngunukolapalasse, K H 157 produced com parable yield w ith that o f  Pacific 
984. A ll prom ising Q PM  hybrids show ed com parable y ie lds with the check  hybrids at 
RARDC, A ralaganw illa. H ow ever, all the tested  hybrids recorded very poor grain y ield  at 
ARS, I ladurukatiya due to  bird damage.



During ya la  season 2010 all the Q PM  hybrids, except KH38 showed com parable 
yield with that o f  Pacific 984 at FCRDI, M ahailluppallam a and G LO R D C , 
Angunakolapalasse. QPM  hybrids evaluated a t A RS, A ralaganwilla show ed that all th e  
hybrids produce com parable yield w ith Pacific 984. Considering the overall results, 
KH156 and KH157 showed com parable yield w ith Pacific 984 at m ost o f  the locations. 
Analysis o f  Genotype x  Environm ent interaction showed that Pacific 984 w as the m o st 
adaptable hybrid w ith significantly high positive m ean deviation (Table 2).

A m ong the prom ising QPM  hybrids, KH157 showed positive m ean deviation 
value w ith non significant stability param eter in ya la  season 2009. K H156 and K H 157 
showed positive mean deviation with non significant stability param eter during m aha  
season 2009/10 and KH74, KH76 and KH156 showed positive mean deviation w ith n o n  
significant stability param eter during ya la  season 2010 .

Characters other than grain yield o f  prom ising hybrids evaluated at F C R D I, 
M ahailluppallam a

Im portant agronomic characters for selecting prom ising hybrids o ther than th e  
yield were recorded in each season (Table 3). A ll the QPM  hybrids and check hybrids 
showed almost sim ilar days to 50 % tasselling, silking and days to m aturity. H ow ever, 
each variety can be distinguished based on seed colour and cob shapes.

Evaluation o f  prom ising QPM  hybrius in V arietal Adaptability Trials in farm ers  
fields (VAT)

Average grain yield and adaptability param eter (D) o f  the V A T  conducted a t  
farmer fields in Ham bantota was given in Table 4. Average grain yield o f  all the hyb rid s 
tested in Ham bantota was lower than that o f  H am bantota. Analysis o f  G ene x  
Environm ent interaction showed that there w as no significant interaction. H ence a ll  
varieties were stable at test locations. Based on the adaptability param eter D (w here th e  
variety with significantly low D value is the m ost adaptable variety), all the o ther hybrids, 
except K H  156 and KH 38 showed com parable low er mean deviation w ith check hy b rid  
Pacific 984. Farm ers liked QPM  hybrids equally as check hybrid Pacific 984. They h av e  
observed vigorous growth and there was no lodging o f  plants o f  all varieties tested.
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Table 4. Mean grain yields (t/ha) o f QPM hybrids tested duringya/a 2010 in farmers field.

Entry
Average grain 
yield (t/ha)* 
Hambantota

Average grain 
yield (t/ha)* 

Anuradhapura

Mean 
grain yield 

(t/ha)*

Mean
deviation

(D)
CML161xCML171 KH74 4.71 b 5.51 ab 5.11 ab 3.12 ab
CML161xCML194 KH76 4.27 b 6.38 ab 5.33 ab 2.90 ab
CML171 xCML 193 KH156 2.19 c 4.86 b 3.53 b 4.71a
CML171xCML194 KH157 3.17 be 5.41 ab 4.29 ab 3.94 ab

CML 193xCML 194 KH38 2.30 c 5.65 ab 3.98 b 4.26 a
Sampath 2.91 be 5.88 ab 4.40 ab 3.84 ab

Pacific 984 5.69 a 7.4 a 6.59 a 1.65
CV% 15% 14.5% 29.8%
Note: Values in each column with the same letter are not significantly different at P<0.05.

Table 6. Mean moisture, fat, protein and tryptophan (as a % of protein) percentages of maize 
endosperms.

Entry Moisture Fat Protein Tryptophan
c% ) (%) <%) (per % protein)

ML161 13.69 4.27 8.28 0.92 de

CML 164 13.81 4.74 8.00 0.98 ede

CML168 12.66 4.97 8.35 1.07 abed

CML171 12.73 5.11 8.34 1.09 abc

CML189 13.21 4.58 ‘ 8.32 0.96 ede

CML 193 13.22 4.06 9.53.................» 0.84 e f

CML194 13.82 3.42 9.68 0.84 e f

Sampath (check 1) 11.40 5.16 8.63 0.65 g

Pacific 984 (check 2) 12.44 3.38 7.49 0.78 f

CML16 X CML171 11.89 4.51 7.52 1.15 ab

CML161x CML 193 12.00 6.09 9.15 0.94 de

CML161x CML 194 11.81 4.70 8.20 1.01 bed

CML168x CML 189 11.50 5.37 7.20 1.15 ab

CML 168x CML 194 10.68 4.42 7.45 1.14 ab

CML171x CML 193 11.47 5.02 7.37 1.16a

CML171x CML 194 11.60 5.86 9.27 0.92 de

CM1193x CML 194 11.76 5.42 8.18 1.01 abed

CM1189x CML 194 10.69 6.44 7.70 1.10 abc
Note: Values in each column with same letter are not significantly different at p<0.05.

Laboratory analysis o f  amino acids

M oisture content ranged betw een 10.7-13.8 %. N o significantly d i f f e r e n c e  
was observed in protein or fat contents o f  the seeds. Tryptophan contents o f  inbred l i n e s



tested  ranged  betw een 1.09-0.84 %, w hile it w as 1.16-0.92 % in Q PM  hybrids. T w o non 
Q PM  hybrids had significantly low er tryp tophan  contents than m ost o f  the Q PM  inbred 
lines and Q PM  hybrids. K H156, K H 74, K H 76 and K H  157 hybrids show ed tryp tophan
contents above 1%

KH 74

KH 76

KH 156

Pacific 984 (Commercial

Sampath (local) hybrid)

KH 157

Figure 1. General appearance of ears o f prom ising QPM  hybrids and check hybrids.



C O N C LU SIO N S

R esults o f  N C V T showed inconsistent results o f  QPM  hybrids over th re e  
consecutive seasons. QPM  hybrids, K H 74, K H 76, K H  156 and KH157 sh o w ed  
com parable adaptability  w ith check hybrids over the location for at least tw o sea so n s. 
Q PM  hybrids, K H 74, KH76 and KH 157 showed com parable adaptability w i th  
com m ercial check hybrid Pacific 984 in V A T. These hybrids also had a  h ig h e r  
tryptophan contents com pared to check hybrids. Since the  cob appearance o f  KH 156 w a s  
not attractive, K H 74, KH76 and KH157 w ere selected as candidate QPM  hybrids th a t c a n  
be consum ed as substitute for ordinary m aize varieties.
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