
Searching for QTLs for adaptation to reduced 
water and nitrogen inputs in durum wheat

Introduction
Durum wheat is a cereal of primary importance cultivated across a number 
of macro-environments differing in photoperiod, total amount of rainfall and 
thermo-pluviometrical patterns during the crop cycle. A prerequisite for 
more sustainable agricultural practices is the release of cultivars requiring 
lower water and N inputs; therefore, the improvement of water and N-use 
efficiency is an important goal for improving grain yield and yield stability in 
durum wheat.

The purpose of this research is to investigate the genetic basis of 
adaptation, yield and other agronomic traits in a multi-environment field 
testing experiment, under different water and N availabilities.

Materials and Methods
Genetic materials: 181 RILs were obtained by PSB from the cross between the Italian elite 
durum wheat cvs. Meridiano (Simeto/WB881//Duilio/F21) and Claudio (CIMMYT’
selection/Durango //IS139b/Grazia) characterized by high yield potential, yield stability and 
medium to early heading date. 

Field trials: The genetic materials were tested in 2007 according to an augmented field 
design including 3 replicated checks (the parents and the CIMMYT’s cv. Yavaros 79) in 
northern Mexico (Obregon, CIMMYT’s primary yield testing location, 27° 24’N, 109° 56’ W), 
southern Italy (Lucera, Foggia, 41° 33’ N, 15° 22’ E) and northern Italy (Cadriano, Bologna, 
44° 39’ N, 11° 29’ E). At Obregon the three field trials were under full irrigation + high N 
conditions (OB-FI-HN), reduced irrigation + high N (OB-RI-HI) and full irrigation + low N (OB-
FI-LN), while the two Italian field trials (Lucera: LU and Cadriano: CD) were under rainfed
conditions and high N. The following traits were considered: heading date (HD), maturity 
date (MD), plant height (PH), grain yield (GY), number of spikes per m2 (SPM2), number of 
grains per m2 (GRM2), grain weight (TKW), test weight (TWT), flag leaf greenness (SPAD) 
and NDVI spectro-radiometrical index (both measured at the end of flowering). 

Molecular and QTL analysis: A provisional linkage map was constructed with 98 SSRs and 
316 DArT markers grouped at high LOD threshold (LOD ≥ 6) into 41 linkage groups, 
covering a total of 1856 cM. Marker ordering and mapping was performed using Record 
(van Os et al., 2005) and JoinMap 4.0 (Stam, 1993) mapping programs. A subset of 213 
selected markers (intermarker distance ≥ 3 cM) was used for QTL analysis (composite 
interval mapping, CIM; Zeng 1994). 

Conclusions 
These results highlight that variation at key chr. regions controlling phenology 
largely influence broad adaptability of tetraploid wheat, similarly to what has been 
observed in hexaploid wheat (Cockram et al., 2007), and that large genetic variation 
for adaptation, yield potential and yield components is present in the elite durum 
wheat germplasm. Up to now, this variation has been explored to a limited extent.
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Chr. 5A harboured two regions carrying QTLs for PH, GY, TKW and TWT. The first 
QTL region was detected on the 5AL centromeric region (Xcfa2121, Xbarc40 and 
Xgwm156, 11 cM interval). Within this interval, a QTL for GY was found in Lucera (R2

= 8.5%) and 2 QTLs for TKW and TWT (R2 = 4.2 and 5.4%, respectively) were detected 
in Cadriano. 

The second, most important, 5AL QTL cluster for HD, GY and related traits, was 
positioned in a more distal position, within Xwmc388.2 and Xgwm1570. Table 2 
reports the features of this major QTL cluster for adaptation and yield. The interval of 
significance (LOD ≥ 3) is comprised within 10 cM. This region strongly influenced the 
crop cycle and final yield in all the three field trials carried out in Obregon. This 
finding indicates that a QTL with strong effects on GY under favourable conditions 
can also affect GY under water- or N-limiting conditions.
At this QTL, the allele inherited from Claudio induced a considerable delay in heading 
in Obregon (difference between the mean value of the RILs homozygous for the 
Claudio allele and for the Meridiano allele comprised between 10 and 18 days) and 
negatively impacted GY, TKW and TWT. The effect on HD was also detectable in 
southern and northern Italy, with the minimum observed in Cadriano, northern Italy 
(less than 2 days difference between the homozygous alleles and no effect on GY). 
The position of both QTL clusters found on chr. 5AL is closely overlapping with the 
two main QTL regions affecting response to photo-thermal conditions in bread wheat 
(Hanocq et al., 2007). In particular, the putative genetic position of the major QTL 
cluster on the central region of chr. 5AL overlaps with the location of the 
vernalization-response gene VRN-1(Yan et al., 2003).
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1. OB-FI-HN, OB-RI-HN, OB-FI-LN: Obregon (Mexico) full irrigation + high N, reduced irrigation + high N, and full irrigation 
and low N, respectively. LU: Lucera (Italy) in rainfed conditions; CD: Cadriano (Italy) in rainfed conditions. 

Table 1. Mean phenotypic values and range of variation of the 181 durum 
wheat Meridiano x Claudio RILs across the 5 environments for some of the 
most important agronomic traits recorded.

Table 2. Features of the major QTL cluster on chr. 5AL. QTL peaks for all traits 
reported in the table were comprised between markers Xwmc388.2 and Xgwm1570. 
Additive effect is reported as half of the difference between the mean phenotypic 
values of the RILs carrying the Claudio and Meridiano alleles [(Claudio –
Meridiano)/2].
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Results
The mean length of the RIL crop cycle (see HD and MD) in the five field trials 
ranged from a minimum of ca. 120 days in Obregon to a maximum of more 
than 200 days in northern Italy (Table 1).

The RILs showed a wide range of variation and transgressive segregation 
for all the considered traits and particularly for HD and MD in Obregon.

Major QTLs (LOD ≥ 3 and R2 ≥ 10%) for HD and MD were detected only on 
chrs. 4B and 5A. Both QTLs showed a strong interaction with the 
environment. Minor QTLs were found on chrs. 3B and 7A.

Several QTLs were found for PH and for TKW and TWT. QTLs for PH were 
mapped on chrs. 2B, 3B, 4B, 5A, 6A, 6B and 7B. QTLs for TKW were found 
on chrs. 2A, 2B, 3A, 4B, 5A and 6A. Most of the QTLs for TWT co-mapped 
with those for TKW, except for one QTL on chr. 2B.

Although GY was strongly influenced by the major QTL for adaptation on 
chr. 5A, the second main QTL cluster for adaptation and for agronomic traits 
such as TKW and TWT (chr. 4B) did not have any detectable effect on final 
GY. Additional QTLs for GY were identified on chrs. 2A, 2B, 5B, 6A, 7B (at 
Lucera) and 3A (at Cadriano). 
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