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Abiotic stresses like salinity and abnormally cold environments cause significant yield
losses in many crops including wheat. Therefore, concerted efforts are being made by breeders
to develop new varieties with salt and cold tolerance to ensure stable yields over varied envi-
ronments. This study was undertaken to screen six hundred and seventy-seven accessions of
international wheat genetic resources to identify lines with high level of tolerance to salinity
and cold environments. Based on the results of two years study in different agroecological lo-
cations, 51 accessions were classified as salt tolerant and 115 accessions were classified as
cold tolerant. Of these, 35 accessions had good agronomic characteristics. Also, there were 39
genotypes with combined tolerance to cold as well as salinity. Thus, there were good lines
which can be used directly or as parents for breeding wheat varieties for wide adaptation and
high yield. Further analysis of the data showed that early genotypes had good cold tolerance
but a poor salt tolerance. It was also observed that small number of both test spikelet and
spikelet, short spike length and good seed-plump were positively associated with cold toler-
ance. Therefore, maturity and spike traits should be taken into considered when selecting
wheat lines for wide adaptation breeding.

Keywords: bread wheat (Triticum aestivum), germplasm resources, abiotic stress, wheat
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Introduction

Bread wheat (Triticum aestivum) is a major food crop in the world. However, environ-
mental stresses badly affect growth and development of wheat plants and cause severe re-
duction in yield. Salinity is a widespread problem in many countries. It reduces the ability
of plants to take up water by lowering the soil water potential leading to internal water def-
icits (Munns 2002). Over six per cent of the world arable land is affected by salinity and
near 100,000,000 hm? in China (Li et al. 2005). To make the things worse, salinity of the
soil caused by irrigation is increasing every year (Zeng and Wang 2005; Zhang 2005; Sun
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et al. 2008). Desalinization of soil by drainage needs a large capital investment, a long
time for relevant construction of the drainage system and it often results salinization the
lower fields where the drainage water accumulates (Luo and Ren 2001). Therefore, breed-
ing for salt tolerance by exploiting wheat genetic resources with high salt tolerance is the
cheapest and best method to improve wheat yields and wide adaptability. Excessive cold
is another important abiotic stress in northern China restricts the growth and development
of wheat during the early- and mid-period growth stages of the winter wheat crop. Over
the past decade, occurrence of severe cold spells have become more frequent and caused
significant losses in wheat production (Wei et al. 2009). Therefore, breeding for cold and
salt tolerant wheat varieties has become an urgent and major objective in the wheat im-
provement programs in China and other countries. A number of scientists have screened
and developed many salt tolerance wheat materials (Farooq et al. 1995; Dong and Zheng
2000; El-Hendawy et al. 2005; Zhang 2005; Ma and Weng 2005; Munns et al. 2006; Tim-
othy et al. 2006; Farooq et al. 2007; Sun et al. 2008; Mahmood and Baenziger 2008).
However, a lack of high salt and cold tolerant germplasm resources with advanced com-
prehensive agronomic characteristics has affected the efficiency of breeding for resistance
to abiotic stresses with high yield potential. This study reports the results of simultaneous
screening and evaluation of a large number of international wheat germplasm lines for salt
and cold tolerance at problem locations in China and lists promising genotypes with both
advanced agronomic characteristics and stress tolerance which may be used for breeding
programs.

Materials and Methods

Materials and experimental sites

Six hundred and seventy-seven accessions of international wheat genetic resources, which
were collected mainly from 9 provinces of China and some from CIMMYT, were
screened under salt and cold stress conditions at two different agro-ecological locations.
Screening for salinity tolerance was conducted at the Institute of Cangzhou Agricultural
Sciences, Cangzhou, China located in the region of salt stress. Screening for cold toler-
ance was conducted at the Institute of Tangshan Agricultural Sciences, Tangshan, China
located in the region of sub-normal cold conditions. The lowest temperature is minus 30
°C in winter. All the materials also were planted at the Institute of Cereal and Oil Crops
Hebei Academy of Agricultural and Forestry Sciences, Shijiazhuang with certain environ-
mental characteristics of northern China for measuring their agronomic characteristics.
After appraisal of cold and salt tolerance, the tolerance materials were used for second
year’s appraisal in the corresponding locations mentioned above. The data of cold and salt
tolerance appraisal showed in this paper was from the second year.

Nitrogen fertilizer was applied at a rate of 38 kg ha ™' and 103.5 kg ha™' just before sow-
ing and the start of stem elongation, respectively. Phosphate fertilizer was applied at a rate
of 103 kg ha™' just before stem elongation. Four—five times irrigations were conducted
during the period of wheat plants development. Chemicals were applied to control aphids.
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Agronomic characteristics test

Each wheat germplasm line was sown in two row plots of 250 ¢m in length, 40 cm be-
tween rows, 250 grains for each row, and two replications with a randomized block de-
sign. Observations on different traits taken/scored using the method reported by Dong and
Zheng (2000). Heading days was recorded as the number of days from emergence to head-
ing (D_Head) and maturity was recorded as the number of days from emergence to matur-
ing (D_Mat). Plant height (P_Height) was calculated as distance from the soil level to the
tips of a random fistful of spikes, averaged across two replications per material. Twenty
spikes from two replications of each accession were sampled to measure for spike length
(Spike L) and count for number of test_spikelet (N_Tspikelet) and spikelets (N_Spikelet)
thousand-grain weight (TGW) was measured in grams by the average weight of two inde-
pendent samples of 500 grains for each replication. Seed plump (S_Plump) was ranked in
5 grades and grade 1 means plump seeds.

Screening for salinity tolerance

Materials were sown in closed soil beds containing 0.41% salt. Each material was sown in
a separate row of 150 cm in length (20 cm between rows, 150 grains for each row) with
randomized design and two replications. The check ‘Keyi 26’ was sown once after every 7
accessions. Salt tolerance coefficient of the materials (yield of a material in salt bed/yield
of neighbor check in salt bed), salt tolerance coefficient of the checks (yield of a check in
salt bed/ the average yield of checks in salt bed) and salt tolerance index (salt tolerance co-
efficient of the material/salt tolerance coefficient of the neighbor check) were calculated
after harvest. Salt tolerance index was indicated in 5 grades, and wheat genotypes ranked
in grade 1 to grade 3 means salt-tolerance, and grade 4 to grade 5 means salt-sensitive
(Zhao et al. 1995; Lu et al. 1996). Their corresponding relations were indicated as follows:

Grades of salt tolerance 1 2 3 4 5
Indexes of salt tolerance >1.3 >1.1 >0.8 >0.5 <0.5

Each material was compared with neighbor checks. If the materials were classified in
lower salt tolerance grade than or equaled to check ‘Keyi 26’ (with salt tolerance grade 3),
we call them salt tolerant genotypes.

Screening for cold tolerance

Each material was sown in two row plots of 250 cm in length (40 cm between rows, 250
grains for each row) with randomized design. The check ‘Dongfanghong 3* was sown
once after every 50 accessions. After winter, wilting degree was scored in 5 scales as
grades of cold tolerance (Dong and Zheng 2000). The seedlings leaves of the material
without wilting was classified in salt tolerance grade 1, and with leaf top wilting, half leaf
wilting and whole leaf wilting was classified in grade 2, grade 3 and grade 4, respectively.
Whole seedlings death was classified in grade 5. The materials with equal or lower wilting
degrees than the check (wilting degree of the check ‘Dongfanghong 3 was grade 3) were
regarded as cold resistant genotypes.
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Statistic analysis

Pearson’s correlation coefficients between salt and cold stress and other agronomic traits
were calculated, using PROC CORR in the Statistical Analysis System (SAS Institute,
Cary, NC). Three hundred and fifty-four accessions were used for statistic analysis, and all
the data used were from the first year.

Results

Salinity tolerance evaluation

Of the six hundred and seventy-seven accessions of wheat genetic resources screened, 20
accessions were classified in salt tolerant grade 1, and 16 accessions were classified in salt
tolerant grade 2, and 15 were classified in salt tolerant grade 3. Together these 51 lines
were considered as salt tolerant (Tables 1-2). Among them there were 15 accessions with
advanced comprehensive agronomic characteristics, such as An77-8 and Yan7770-4 with
short plant, big spike and more grains per spike, Jihan 4589 with early maturity, short
plant and high 1000-grain weight. Seven new lines (JI RS-1 ~ JI RS-7) were tolerant to
salt. In addition, during the experiment salt tolerance varied along with developmental
stages was discovered. For example some have good tolerance at both seedling (with dark
green color and without seedling or tiller death) and seeds filling stages (without leaf wilt-
ing and death), while others have different tolerant performance in seeds filling stage and
seedling stage (data not shown).

Cold resistance evaluation

Seedling wilting degrees due to cold of 115 accessions were equal to that of the check
Dongfanghong3 (wilting degree 3). Of these, there were 39 genotypes with tolerance to
both cold and salinity (Table 2) and 20 accessions have advanced comprehensive agro-
nomic characteristics. Fifteen wheat varieties released in the last 16 years were tolerant to
cold as well as possessed good agronomic traits (Table 3).

Relationship between salt and cold tolerance with other characters

While seeking for the characters related to salt and cold tolerance, it was observed that
there were significantly negative correlation between grade of salinity tolerance and both
days from emerge to maturing (p < 0.01) and days from emerge to maturing (p < 0.05). It
means that the ones with late maturity showed a better salt tolerance than the early ones.
No other correlation was found between salinity tolerance and other characters. Interest-
ingly, the genotypes with early maturity had a good cold tolerance but a bad salt tolerance
(Table 4). Moreover, wilting degree of wheat seedlings had positive correlations with
spike length, N_Spikelet, S Plump as well as test spikelets (p < 0.05). It showed that a
small N_Tspikelet and N_Spikelet, short Spike and good Seed Plump related to good
cold tolerance.
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Table 1. Characteristics of 12 genotypes in salt tolerance grades 1 and 2

9¢

Genotypes D-Head D-Mat P_Height Spike L N _Spikelet N_Tspikelet NGS TGW S Plump Cold G Salt G
(day) (day) (cm) (cm) (8)
Keji26
(ckl tolerance) 202 246 135 9.3 17.0 15.8 42.0 33.2 3 4- 3
EM92hui
(ck2 sensitive) 193 238 80 73 20.0 16.0 52.3 35.6 1 4 5
JIRS-6 202 245 84 8.9 18.0 17.7 35.0 40.0 2 4 1
JIRS-7 203 244 70 8.2 18.3 17.0 44.0 38.6 3 4 1
7588Ya 203 243 78 8.2 19.3 18.0 59.3 334 2 4 1
An77-8 199 239 70 10.5 19.3 18.1 48.0 48.2 2 4 1
78-024-30 197 244 55 7.5 19.0 17.8 50.7 36.6 3 5 1
Aimengniu 202 245 65 8.8 20.0 18.9 58.3 39.0 3 4 1
Jingdong80-13 199 245 80 9.6 20.0 20.0 51.0 44 .4 2 4 2
Yan7770-4 203 244 70 9.5 19.3 19.0 473 43.8 2 5 2
79Dong79 203 241 75 9.0 18.0 17.7 51.0 36.2 3 4 2
DW-Zhuanyu-7 206 248 40 9.3 20.3 18.0 323 41.8 3 4 2
Xidedongmai 200 245 82 8.3 17.0 16.2 42.7 50.8 2 4 2
48130 207 246 78 11.7 19.0 18.0 51.7 28.8 5 4 2

Notes: Salt_G = grade of salinity tolerance; Cold_G = wilting degree of seedling after winter; D_Head = days from emerge to heading; D_Mat = days from
emerge to maturity; P_Height = plant height; Spike L = spike length; N_Spikelet = number of spikelet per spike; N_Tspikelet = number of test spikelet per
spike; NGS = number of grains per spike; TGW = 1000-grain weight; S_Plump = plump of seed.
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Table 2. Characteristics of 39 genotypes tolerance to both salt and cold stresses
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Genotypes D-Head D-Mat P_Height Spike L N _Spikelet N_Tspikelet NGS TGW S Plump Cold G Salt G
(day) (day) (cm) (cm) (8)
Dongfanghong3
(CK cold tolerance) 202 240 105 9.8 20.0 19.7 49.7 42.0 2 3 5
Keji26
(ck1 salt tolerance) 202 246 135 9.3 17.0 15.8 42.0 33.2 3 4- 3
JIRS-1 200 243 76 9.8 17.3 16.0 42.0 30.7 1 3 1
JIRS-2 202 246 79 8.0 14.3 13.3 52.0 32.7 1 3 1
JIRS-3 201 244 83 6.5 16.3 15.6 44.0 36.4 1 3 1
JIRS-4 202 244 80 9.2 17.3 16.3 36.0 38.9 1 3 1
JIRS-5 203 246 78 8.9 18.0 18.0 41.0 39.5 1 3 1
Jihan 4589 201 240 75 6.4 17.0 14.6 33.4 40.8 2 3 2
Baiquan84-3129 199 239 58 8.5 20.3 19.3 45.7 39.0 3 3 1
Jiza C221 204 242 65 6.2 16.3 15.6 37.0 322 3 3 1
8003 210 239 80 7.8 20.3 18.3 51.3 40.4 1 3 1
890C2-2311 204 245 77 11.7 21.3 19.0 453 34.4 3 3 1
82-6110 200 239 80 8.0 17.0 15.0 38.7 33.8 1 3 1
Linfen605 199 242 75 5.1 15.5 14.7 31.7 43.8 1 3 1
Lainong8543 200 240 75 8.6 18.7 17.9 59.7 35.4 2 3 1
836361 199 244 80 8.3 18.3 16.0 55.0 41.0 2 3 1
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Table 2 (cont.)
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Genotypes D-Head D-Mat P_Height Spike L. N_Spikelet N_Tspikelet NGS TGW S Plump Cold G  Salt G
(day) (day) (cm) (cm) (8)
Ji83-4169 201 238 33 11.7 22.0 19.8 36.7 342 3 3 1
78154-4 203 240 65 7.2 20.0 20.0 60.0 28.7 4 3 2
Linfen84-525 199 238 67 8.3 18.0 16.7 51.7 38.6 1 3 2
79(50)-34-1-2 200 240 80 7.5 16.3 16.3 48.7 49.2 2 3 2
79001-1-1 199 239 80 9.3 19.7 17.0 37.0 434 1 3 2
80-22 200 238 65 7.2 19.3 19.0 51.3 414 2 3 2
80(128)-20-6 203 245 72 8.7 20.0 19.7 60.7 454 2 3 2
Linfen85-517 199 241 80 9.9 19.3 18.2 49.0 42.8 2 3 2
Rc4 201 241 80 7.8 17.3 16.1 69.7 39.8 2 3 2
86-2580 200 238 77 9.2 18.3 17.7 48.0 37.0 3 3 2
CAR8056 202 239 80 7.9 17.0 16.0 343 254 3 3 3
7410017-9-13 203 242 70 8.3 18.0 18.0 40.7 41.0 2 3 3
7588Sui-1/3-18-1-1 203 243 75 8.3 18.4 18.4 50.7 352 3 3 3
80(4)055 203 243 73 7.5 19.3 18.0 38.7 43.8 2 3 3
Linfen 51379 199 238 75 8.3 18.3 16.3 51.3 374 2 3 3
1D13-121 206 244 70 9.2 20.7 20.0 58.0 254 5 3 3
110013 203 244 65 7.7 18.3 18.0 43.0 46.0 2 3 3
7770-224-2 203 244 70 8.2 20.3 19.6 52.0 40.4 2 3 3
78380-2-3-4 203 243 78 8.7 19.7 18.7 63.7 335 2 3 3
Dongxie no.2 200 242 80 8.0 19.0 18.0 43.7 342 2 3 3
Baiquan 3039 199 240 70 7.7 17.0 16.3 51.0 344 2 3 3
84-6085 201 241 80 7.6 17.3 16.9 42.6 34.8 2 3 3
7730-6 197 240 80 8.5 18.7 18.0 46.7 342 2 3 3
Tai 5Xinxuan 308 198 242 80 9.1 17.3 16.6 47.0 46.2 2 3 3
814527 202 238 80 9.7 20.0 18.7 56.0 352 2 3 3

Notes: For abbreviations see footnote Table 1.
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Table 3. Characteristics of 15 released wheat varieties tolerance to cold stress

Genotypes D-Head D-Mat P_Height Spike L N_Spikelet N_Tspikelet NGS TGW S Plump Cold G
(day) (day) (cm) (cm) (&

Dongfanghong3

(CK cold tolerance ) 202 240 105 9.8 20.0 19.7 49.7 42.0 2

Baiyingdong 2 201 240 66 7.5 18.0 15.2 43.2 42.0 1

Han 5316 201 240 80 8.0 17.0 14.4 34.6 41.9 1

Han 6172 201 238 75 7.4 17.0 14.8 36.2 42.8 1

Hanmai 9 201 235 77 8.3 17.0 15.2 41.8 45.8 2

Hanyou 3475 200 240 80 7.0 15.0 13.0 36.2 422 1

Henong 326 198 242 75 7.4 17.0 13.4 33.6 43.4 1

Heng 4041 202 245 70 8.2 14.0 13.2 33.0 36.0 2

Hua 521 200 242 82 7.3 16.0 14.0 31.8 41.6 2

Ji 5385 198 239 75 8.6 15.0 13.0 30.6 46.0 1

Jimai 34 202 249 90 7.5 16.0 12.8 28.0 39.0 1 3

Shijiazhuang 8 200 237 75 7.8 16.0 12.4 34.0 43.1 1 3

Shixin 733 199 240 75 7.0 15.0 12.8 35.4 43.8 1 3

Jimai 36 199 248 80 8.0 16.0 144 32.0 36.0 2 3

Zhongmai 9 202 248 80 7.8 15.0 12.8 28.2 46.2 2 2

Zhongyou 9507 201 249 90 8.7 17.0 15.4 26.2 46.2 2 2

Notes: For abbreviations see footnote Table 1.

Table 4. Correlations between abiotic resistance and other agronomic characteristics

Genotypes D-Head D-Mat P_Height Spike L N_Spikelet N_Tspikelet NGS
(day) (day) (cm) (cm)

Cold G 0.105%* 0.106* —0.102 0.105%* 0.121%* 0.128* 0.025

Salt G —-0.105* —0.151%** —0.004 0.051 —-0.037 -0.073 —0.051

Notes: ns, non-significant; * and **, Significant at P = 0.05 and P = 0.01, respectively.
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Discussion

Salt tolerance

Statistics analysis showed that salt tolerance was significantly associate with the D-Head
and D-Mat of the genotypes (Table 4) indicating that lines with earlier heading and matu-
rity might be more susceptible to salinity. Previous reports have also indicated that head-
ing date of wheat has a large effect on stress tolerance of wheat (Ma and Weng 2005; Song
et al. 2006).

Furthermore, the late maturing cultivars commonly exist in north of China in arid and
semi-arid region (Wang 1993; Cao and Wu 2000), where plants must have a higher rela-
tively salt-tolerance for surviving on the condition of alkaline soils than that in south of
China. Therefore, natural and artificial selections might make the late-maturity-character-
istics of crops and salt tolerance together, and Cattivelli et al. (2002) provided a molecular
evidence for their relationship that a high concentration of quantitative trait loci (QTLs) on
group 5 chromosomes which mainly control heading date, cold and salt tolerance. So,
these QTLs might be either one gene or different ones but adjacent to each other. If they
were one, this gene may represent the molecular basis of stress tolerance, or different ones,
the adjacency to each other on chromosome may result in linkage disequilibrium which
makes them present together at a higher ratio than other genotypes. Therefore, these sug-
gested that the wheat genotypes with high salt-tolerance should be characterized by late
maturity.

Cold tolerance

Unlike the characters of salt tolerance, early heading and maturity cultivars had good cold
tolerance (Table 4). From the point of evolution, heading date is directly associated with
adaptation of plants (Allard and Jain 1962). Generally, early development of genotype is
not viewed as a good character for cold tolerance, which would result in freezing injury in
early spring. However, this was broken in West Asia and North Africa, and early heading
cultivars with winter hardiness and tiller frost avoidance are required for ensuring a long
enough grain filling process and an effective utilization of the limited soil water prior to
high temperature in early summer (Austin, 1982; Fujita et al. 1992). Interestingly, these
regions and the north of China have homologous circumstances, and therefore, leading to
similar characters of cultivars in these regions. Early heading date and shorten growth pe-
riod might be the result of adaptation to ecological surroundings of these regions, avoiding
dry-hot wind during later seed filling period, so beneficial to good S_plump and TGW.
However, this rapid development process also lead to short Spike L, small N _spikelet,
and N_Tspikelet.

Methods for evaluating tolerance to abiotic stresses

Many ways to identify salt and cold tolerance genotypes has been reported (Quamme
1982; Kingsbury and Emanuel 1984; Ashraf and McNeilly 1988; Munns et al. 1995; Royo
et al. 2000; Steppuhn et al. 2005). The ratio of leaf death over the total leaves was clearly
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greater on the sensitive genotypes than the tolerant ones (Munns et al. 1995). The rate of
leakage of electrolytes from plant tissues after a freezing stress was indicated as a potential
criterion for freezing tolerance (Quamme1982). Physiological characters that underlie
traits for salt tolerance could be used to identify new genetic resources of salt tolerance
(Munns et al. 2006). Salt tolerance was associated with low rates of transport of Na™ to
shoots and high selectivity for K (Gorham et al. 1990). Despite those physiological char-
acteristics linked to cold or salt tolerance trait, the best selection criteria should be the rate
of winter survival or seedling wilting grade after freezing, and grades of salt tolerance for
breeding practice because they were easy, inexpensive, accurate and rapid method for
screening large germplasm resources. Also, grades of salt tolerance which was used in this
experience were calculated according to the grain yield. It is more useful for high yield and
adaptation breeding.
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