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Abstract

Saline-alkali and drought stresses are one of the abiotic stress factors that limit the normal growth and
development of plants. In this work, various agronomic indexes including growth physiology and yield
attributes were studied under saline-alkali and drought stress treatments. It was found that the limit of plant
growth and development caused by drought stress is much higher than that of saline-alkali stress (p < 0.01).
Based on the comprehensive evaluation value (D value), under saline-alkali stress condition, 36 maize
varieties could be divided into four groups by cluster analysis (CA): High saline-alkali tolerance (3 varieties),
medium saline-alkali tolerant(10 varieties), saline-alkali sensitive (19 varieties), high saline-alkali sensitive (4
varieties). In drought stress condition, 36 maize varieties could be divided into five groups by cluster analysis
(CA): High drought-tolerance (2 varieties), medium drought-tolerant (14 varieties), low drought-tolerant (15
varieties), drought-sensitive (4 varieties), high drought-sensitive (1 variety). Therefore, this study provides a
comprehensive screening of maize varieties under saline-alkali and drought stresses.

Introduction

The Northwestern China is located in arid and semi-arid regions, with less rainfall and
extremely high evaporation. Plants suffer due to drought and salinity (Glemm et al. 1999, Zhang
etal. 2017).

Many workers studied morphological structures (Rodr1 Guezet al. 2005, Kutlu et al. 2009,
Zhang et al. 2015), physiology and biochemistry (Guan et al. 2015), molecular level (Trachsel
et al. 2010) of plants under saline-alkali or drought stresses in laboratory and greenhouse
conditions (Zhang et al. 2011, Hao et al. 2013, Du et al. 2015), when information is scanty under
field condition in general maize (Zea mays L.) in paticular. Maize as an important staple food,
fodder crop and industrial raw material are widely grown in China, but it is moderately sensitive to
saline-alkali and drought stress (Fu et al. 2009) thus yield is reduced severely. So, it is imperative
to optimize maize yield under drought and saline-alkali stresses. The low-cost management is
screening maize varieties (lines) as induced by the stress variabilities (Lu and Wang 2004,
Takehisa et al. 2004, Akram et al. 2010). Hence, this study was made with 36 varieties of maize to
select tolerance and sensitive lines for distribution in dry and salinized land.

Materials and Methods

The study site included Pingluo (latitude 38°53' N, longitude 106°33’ E, altitude 1 098.7 m,
annual temperature 9.4°C, annual precipitation 177.8 mm) and Tongxin (latitude 36°58" N,
longitude 105°54' E, altitude 1 339.3 m, annual temperature 9.5°C, annual precipitation 259.8
mm), Ningxia Hui Autonomous Region, China.
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Field experiment was carried out in randomized complete block design with three replications,
maintaining row spacing of 60 cm, plant spacing of 20 cm. Thirty-six maize varieties were sown
on 26th of April. Irrigation was carried out only for ensuring seedling emergence in drought
tolerance test. The rainfall during the whole growth period was 146.80 mm. The saline-alkali
tolerance test was carried out under conditions of 5.656 g/kg total soluble salinity content and pH
8.71. Fertilizer was applied as N: P,Os: K,O =15:15:15. Intercultural operations were done as and
when required.

The tested varieties were H242/1522, A49/1522, A49/1528, A3Gao/1519, , H237/A26,
A18/1506, 133-2/1528, H242/1523, A3/H237, 1421/1522, H237/1519, Bei21/1520, Ning3-1/1528,
H14/1528, Bei21/1522, Ning3-2/1528, A3Gao/A18, H237/A3, H237/A18, 1517/Xunli,
Xun11/1517, H14/A18, Gui Silage Numeber 1, Ke Duo 8, TY1, H398/1523, C5/1521, A28/1522,
A133/1528, A133/1506, 5178-1/1528, A58-1/1501, A28/1523, 1522/H237, Qing Feng 5 and
Zhong Yuan Dan32 and they are numbered from 1 to 36 in order.

Relative chlorophyll content of leaves (Chl) was monitored by using a portable SPAD-502
meter (Minolta, Osaka, Japan). The degree of chlorosis was estimated non-destructively in the
youngest fully expanded apical leaves from each treatment. Six SPAD readings were recorded for
each leaf, in a relative position of 2/3 of the distance relative to leaf base. Measurements of
photosynthetic rate, stomatal conductance and transpiration rate were made on a fully expanded
leaf of each plant by using LI-6400 series portable photosynthesis system (LI-COR Company of
USA). These measurements were made at sunny day (from 9.30 to 11.30 a.m.) at maturity.

The hand-held canopy temperature detector was used, to measure the CT value of each
varieties. Ten plants and five ears were selected randomly from each plot for determining growth,
yield attributes and yield.

Microsoft Excel 2007 was used for data collection, DPS 7.05 software was used for
significance and correlation analysis, and then the SPSS 20.0 statistical software was used for
principal component analysis (PCA) (Karamizadeh et al. 2013) and cluster analysis. The results
are expressed as mean values + SE (Standard error).

The method of membership function was used to comprehensively evaluate the drought
tolerance and saline-alkali tolerance of each maize varieties during mature period (Chen 2002, Shi
etal. 2010, Bo et al. 2017).

Firstly, the formula U(X;) = (X; = Xmin) / (Xmax — Xmin) ( = 1, 2, 3,..., n) was used, where X; is
the measured value of a certain indicator. And Xpin, Xmax are expressed as the minimum and
maximum values of a certain index of 36 tested maize varieties, respectively.

Secondly, according to the relative importance of the traits, a certain weight is assigned.
Weight: W;=P;/ EiL;Pj (j =1, 2,3, ..., n), where W, denotes the major degree of the jth factor
in all common factors. P; is the correlation coefficient between the jth index and the drought
tolerant coefficient or saline-alkali tolerance coefficient of each material and represents the
contribution rate of the jth common factor of each varieties.

Finally, the value of the membership function of each variety was added, and takes it as the
comprehensive evaluation value (D value). D=EL,[UXj) = Wj] (j =1, 2, 3, ..., n), where D is the
integrated evaluation value of tested material under saline-alkali and drought stress conditions.
According to the size of D value, the strength of saline-alkali tolerance and drought tolerance of
maize varieties be determined. The greater of the D value, the varieties drought tolerance and

saline-alkali tolerance would be stronger, on the contrary, drought and saline-alkali would be
weaker.
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Results and Discussion

Results revealed that the growth and yield attributions of different varieties/lines vary
significantly under different stress conditions (Tables 1 and 2). Plant height varied from 235.33 to
396.78 cm and 142.00 to 267.89 cm due to saline-alkali and drought stresses, respectively. Under
saline-alkali stress treatment, the plant height of three lines (133-2/1528, H242/1523 and Ning3-1/
1528) was high, and the plant height of Zhong Yuan Dan 32 was the lowest. Under drought stress
treatment, the plant height of varieties No.28, 29 and 33 was significantly higher, and Gui Silage
Numeber 1 and Zhong Yuan Dan 32 was the lowest. The stem diameter ranged as 21.93 - 32.76
mm and 15.67 - 28.82 mm under saline-alkali and drought treatments, respectively when the
variety No.6 showed maximum stem diameter in saline-alkali and drought condition. On the other
hand, variety No. 36 showed minimum stem diameter under saline-alkali and drought conditions.
SPAD value varies from 24.58 to 51.62 and 21.37 to 54.73 under saline-alkali and drought stresses,
respectively. The line of H242/1522 was the highest, the variety of A18/1506 and H14/1528 were
the lowest under saline-alkali condition. Under dry cultivation condition, the A133/1506 showed
maximum SPAD value, Zhong Yuan Dan 32 showed minimum SPAD value. Under different
stresses conditions, the canopy temperature of different varieties was different. Zhong Yuan Dan
32 showed the highest under drought and saline-alkali stresses. The above results showed that
there is a clear difference between the same indicators of different varieties.

The results in Table 2 showed that under different stress conditions, the photosynthetic
parameters and stay-green ability of different varieties had different changes. For the net
photosynthetic rate (P,), both stress conditions showed the highest was 133 - 2/1528, the lowest
net photosynthetic rate (P,) was A58 - 1/1501 under saline-alkali stress, and the lowest was Zhong
Yuan Dan 32 under dry land. Stomatal conductance (G;) and transpiration rate (T,) of Zhong Yuan
Dan 32 were highest in saline-alkali condition, and the stomatal conductance (Gs) and
transpiration rate (T,) of Zhong Yuan Dan 32 were significantly higher than those of other varieties
(p < 0.05). Stomatal conductance (G;) of 5178 - 1/1528 was the highest under dry land cultivation
condition, stomatal conductance (Gs) and transpiration rate (T,) of Zhong Yuan Dan 32 was the
lowest. The above indices can reflect the salt and drought tolerance of the varieties from different
angles. The evaluation standard, index system about the salt and drought tolerance of plants is
different. A single index cannot accurately reflect the salt and drought tolerance of each varieties.

In this experiment, the correlations between agronomy indices, photosynthetic parameters and
yield indices of 36 different maize varieties under saline-alkali stress were analyzed. It has been
shown in Fig. 1 that there were some correlations between the related indicators at mature stage.
Significant positive correlations were observed between plant height and stem diameter,
stay-green ability, above ground biomass, SPAD values and stay-green ability, stay-green ability
and net photosynthetic rate, above ground biomass, stomatal conductance and transpiration rate,
dry fresh ratio and stomatal conductance, transpiration rate, 100-grain weight, single ear weight
and 100-grain weight, ear length, row grains, bald length and ear length. Significant negative
correlations were observed between canopy temperature and plant height, above ground biomass,
dry fresh ratio and stay-green ability, net photosynthetic rate, bald length and stay-green ability,
net photosynthetic rate, row grains.

The results demonstrated that the correlation analysis about various indicators of maize
varieties at mature stage under drought stress, the data can be seen from the Fig. 2. Significant
positive correlations were observed between plant height and SPAD value, stay-green ability,
aboveground biomass, SPAD value and stay-green ability and aboveground biomass, stomatal
conductance and transpiration rate, single ear weight and 100-grain weight, ear diameter, ear
length and ear diameter, axis diameter, ear row number, ear diameter and axis diameter, ear row
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Table 1. Effects of saline-alkali and drought stresses on plant height (cm), stem diameter (mm), SPAD

values and canopy temperature of maize varieties.

No. Saline alkali Drought land Saline alkali Drought land
Plant height (cm) Plant height (cm) Stem diameter (mm)  Stem diameter (mm)
1 357.22+15.60a-¢ 192.67+4.73ij 29.03+2.30a-¢ 24.37+0.33d-m
2 382.67+4.22ab 197.78+5.35hi 29.57+0.59a-¢ 22.76+1.90h-q
3 359.67+25.70a-¢ 172.00+2.52m-p 28.10+0.71a-g 22.47+0.84i-q
4 354.22+12.13a-f 188.67+3.93i-I 29.19+2.11a-e 25.07+0.74c-j
5 345.33+4.00b-h 220.89+1.25de 24.74+0.81d-h 25.63+0.44b-h
6 350.33+£22.00b-h 223.56+1.46de 32.76+2.27a 28.82+0.10a
7 396.78+15.49a 216.78+1.44ef 28.01+0.59a-g 25.03+1.85¢-j
8 396.00+22.37a 215.56+1.57e-g 30.02+1.17a-e 27.66+0.64a-c
9 306.78+12.29¢-i 175.11+2.38m-0 26.50+1.55b-h 23.92+0.37f-n
10 339.89+1.75b-h 190.33+3.03i-k 29.22+0.14a-¢ 24.21+0.16e-m
11 333.00£9.29b-h 183.78+1.06j-m 26.85+1.33b-h 26.59+0.90a-f
12 311.33+17.57f-i 204.78+2.26gh 25.94+1.49b-h 26.90+0.07a-e
13 394.78+12.52a 230.78+2.26¢cd 30.04+2.51a-d 23.83+0.95f-n
14 338.11+27.90b-h 217.67+1.20ef 31.05+1.89ab 27.17+0.77a-d
15 367.33+13.30a-d 183.44+2.15j-m 28.38+0.61a-f 24.59+0.43d-1
16 342.67+31.35b-h 208.22+2.16f-h 30.50+2.01a-c 28.18+1.91ab
17 335.2246.78b-h 180.89+3.38j-m 28.00+1.84a-g 23.34+0.47g-0
18 316.78+3.68e-i 161.11+1.83pq 24.56+0.68d-h 22.92+0.82g-p
19 287.45+13.67ij 179.1143.16k-n 27.49+1.14a-g 25.2740.75¢-i
20 369.89+3.61a-c 167.56+0.48n-q 26.77+1.42b-h 23.24+1.20g-0
21 356.67+11.62a-¢ 156.44+4.24q 28.28+1.12a-g 23.42+1.06g-0
22 342.2249.20b-h 177.78+2.28l-0 28.12+1.26a-g 21.72+0.721-q
23 308.11+9.25¢-i 142.00+4.60r 26.47+3.09b-h 24.70+0.49d-k
24 323.22+43.70d-i 166.78+2.610-q 24.94+0.81d-h 19.92+0.50q
25 327.00£33.41c-i 189.78+2.72i-I 25.27+0.51c-h 22.27+0.09j-q
26 340.33£1.45b-h 235.33+4.19c 27.35+2.05b-g 22.82+0.33g-q
27 308.33+6.33¢g-i 249.22+1.28b 23.42+0.60f-h 21.17+1.02n-q
28 339.00£3.22b-h 267.89+2.94a 25.93+1.59b-h 21.61+1.12m-q
29 304.00£3.06hi 263.22+3.86a 24.73+3.10d-h 22.95+0.32g-p
30 259.00+7.81jk 248.33+3.47b 26.71+0.75b-h 25.78+0.19b-g
31 361.00+14.15a-¢ 258.89+8.68ab 28.68+1.64a-f 20.55+0.720-q
32 308.67+11.260-i 235.89+6.95¢ 29.61+1.67a-e 20.68+1.100-q
33 351.00£7.00b-g 265.11+8.43a 27.27+1.61b-h 21.85+0.18k-q
34 317.67+5.24e-i 257.56+3.40ab 22.92+1.26gh 20.64+1.140-q
35 302.0045.51hi 230.22+2.12cd 24.54+2.58e-h 20.24+0.35pq
36 235.33+8.25k 143.0045.78r 21.93+0.80h 15.67+0.44r
Average 336.20 205.50 27.30 23.56
CVI% 10.49 17.53 8.82 1141
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Number  Saline alkali Dry land Saline alkali Dry land
SPAD values SPAD values Canopy temperature (°C) Canopy temperature (°C)

1 51.62+3.25a 34.24+1.46hi 20.37+0.86cd 14.62+0.63hi
2 46.61+1.58a-c 32.89+0.16ij 19.86+1.16d 15.23+0.05¢-i
3 36.76+1.45a-¢ 30.66+0.70i- 21.69+0.37b-d 13.38+0.23i
4 42.57+6.37a-d 34.54+0.72hi 20.06+0.75d 16.07+0.82b-h
5 33.96+4.37b-e 30.13+1.79i-1 21.04+0.65cd 16.2940.97b-h
6 24.58+8.63¢ 30.72+1.59i-1 22.40+0.96a-d 14.6940.279-i
7 48.46+6.84a-c 39.49+1.269 20.12+0.44d 15.53+0.75d-h
8 42.03+4.63a-¢ 34.62+1.60hi 20.84+0.47cd 15.81+0.28c-h
9 34.19+2.91a-e 43.39+0.34e-g 20.47+1.29cd 15.11+0.48f-i
10 50.26+3.75ab 34.60+0.66hi 20.84+1.22cd 14.78+0.85¢-i
11 35.74+4.75a-¢ 38.82+2.03gh 22.22+0.57a-d 14.83+0.57¢-i
12 39.73+4.24a-¢ 27.06+3.39KI 21.01+0.91cd 16.61+1.17b-g
13 35.35+2.32a-¢ 32.08+1.13i-k 20.32+0.71cd 17.22+0.27b-d
14 24.56+7.04e 39.96+1.68fg 22.62+1.13a-d 16.83+1.23b-f
15 41.55+0.74a-¢ 34.20+0.68hi 20.81+1.01cd 15.81+0.28c-h
16 39.90+1.66a-¢ 29.89+0.57i-1 20.05+1.20d 16.31+0.60b-h
17 37.42+2.42a-¢ 32.34+0.93ij 22.28+1.53a-d 17.09+0.88b-e
18 33.51+13.90b-e 34.48+1.10hi 22.45+2.07a-d 17.87+0.69b
19 35.33+3.52a-¢ 31.06+2.25i- 22.46+2.21a-d 16.48+0.48b-h
20 34.17+6.44a-¢ 31.82+1.60i-k 22.11+1.18a-d 16.62+0.90b-g
21 38.53+4.70a-¢ 32.08+0.82i-k 21.27+0.60cd 17.58+0.64bc
22 30.93+2.91c-e 26.22+1.501 22.79+1.75a-d 16.92+0.67b-f
23 49.57+2.46ab 31.84+1.77i-k 20.21+1.08d 15.64+0.58c-h
24 31.04+14.17c-e 28.77+1.61j-1 21.86+2.43a-d 14.53+0.12hi
25 33.33+7.82b-e 26.62+1.411 20.42+0.29cd 16.09+0.48bc-h
26 40.07+1.33a-¢ 46.81+0.82c-e 22.13+0.52a-d 22.20+0.10a
27 34.53+3.25a-¢ 48.49+0.54b-d 20.93+0.37cd 21.48+0.19a
28 24.93+1.89de 51.04+0.44a-c 20.63+0.18cd 21.48+0.18a
29 39.90+5.06a-¢ 52.67+3.08ab 20.60+0.57cd 21.06+0.08a
30 40.93+1.93a-¢ 54.73+0.64a 22.87+1.43a-d 21.33+0.16a
31 31.37+0.52c-¢ 39.89+1.10fg 20.13+0.37d 21.50+0.27a
32 35.30+1.10a-¢ 46.84+2.17c-e 20.90+0.27cd 20.88+0.13a
33 31.13+1.07c-e 44.98+1.92de 23.77+1.35a-c 20.41+0.15a
34 41.60+3.40a-¢ 47.89+1.78c-e 24.73+1.16ab 20.72+0.04a
35 43.63+5.17a-c 44.46+1.56d-f 23.77+0.52a-c 20.63+0.07a
36 39.97+5.81a-¢ 21.37+0.91m 25.23+1.24a 21.64+0.36a
Average 37.64 36.71 21.56 17.54
CVI% 18.07 22.61 6.34 15.10

Data presented are the means + SE of three independent experiments. Different lowercase letters indicate that
there is significant difference (p < 0.05) between the different varieties of the same treatment.
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Table 2. Effects of saline-alkali stress and drought stress on stay-green ability, net photosynthetic rate
(P, pmol-m™.s™), stomatal conductance (G, mol/m?/s), and Transpiration rate (T,, mmol/m?/s) in
maize varieties.

Saline alkali Drought land Saline alkali Drought land

Number  Stay-green ability Stay-green ability Net photosynthetic rate  Net photosynthetic rate
(umol/m?/s) (umol/m?/s)

1 0.77+0.03ab 0.57+0.04cd 14.59+1.78ab 9.62+0.03i-n
2 0.79+0.01a 0.60+0.01bc 13.02+1.40ab 13.59+0.34b-d
3 0.73+0.03a-d 0.43+0.04e-h 14.07+1.73ab 11.55+0.23c-k
4 0.72+0.05a-d 0.46+0.04d-h 12.55+1.39ab 11.86+0.17c-j
5 0.72+0.02a-d 0.41+0.07e-h 13.09+1.66ab 12.75+0.52b-g
6 0.51+0.14f-j 0.49+0.04c-g 14.93+2.05ab 13.59+0.74b-d
7 0.71+0.07a-d 0.41+0.06e-h 16.03+3.45a 16.87+0.86a
8 0.70+0.02a-d 0.54+0.05c-e 12.58+0.59ab 11.26+0.45d-k
9 0.60+0.03c-i 0.33+0.04h 13.46+2.77ab 13.90+0.46hc
10 0.75+0.03a-c 0.50+0.02c-g 11.29+1.04a-c 11.63+0.42c-k
11 0.70+0.02a-d 0.51+0.06¢-f 13.93+2.24ab 10.88+0.18f-k
12 0.71+0.03a-d 0.34+0.02h 12.02+1.51a-c 11.06+0.47e-k
13 0.68+0.03a-¢ 0.35+0.08h 12.61+1.13ab 11.09+0.52d-k
14 0.58+0.12d-j 0.54+0.01c-e 12.26+1.54ab 10.45+0.34g-1
15 0.71+0.01a-d 0.53+0.04c-f 11.26+0.86a-c 13.58+1.03b-d
16 0.72+0.03a-d 0.52+0.04c-f 9.74+0.78bc 12.17+0.42b-h
17 0.67+0.03a-¢ 0.54+0.03c-e 11.01+0.26a-c 13.30+0.30b-f
18 0.62+0.11b-h 0.43+0.03e-h 12.34+2.11ab 13.49+0.22b-¢
19 0.58+0.04d-j 0.43+0.03e-h 15.98+1.68a 12.72+0.55b-g
20 0.68+0.04a-¢ 0.40+0.08f-h 12.24+0.75ab 13.13+0.29b-f
21 0.66+0.05a-f 0.58+0.03cd 13.57+1.66ab 13.52+0.76b-e
22 0.69+0.02a-¢ 0.37+0.02gh 12.37+1.47ab 12.07+0.25c-i
23 0.77+0.02ab 0.46+0.06¢-h 14.55+1.89ab 11.93+0.24c-i
24 0.57+0.03d-j 0.57+0.01cd 11.14+1.31a-c 14.60+0.37b
25 0.63+0.03a-g 0.60+0.03b-d 13.62+1.91ab 11.16+0.36d-k
26 0.61+0.03b-h 0.76+0.09a 7.16+1.33cd 7.69+0.31m-p
27 0.44+0.03ij 0.81+0.00a 3.43+0.14d 8.25+0.391-0
28 0.46+0.04h-j 0.82+0.03a 2.29+0.20d 9.95+1.51h-m
29 0.49+0.04g-j 0.81+0.03a 3.96+0.28d 6.77+0.670p
30 0.51+0.04f-j 0.75+0.00a 4.82+2.42d 7.31+2.21n-p
31 0.43+0.04j 0.71+0.02ab 3.13+1.35d 9.76+0.47h-m
32 0.43+0.04j 0.74+0.02a 2.24+0.71d 9.36+1.02k-n
33 0.49+0.050-j 0.75+0.04a 10.35+0.11bc 13.03+0.37b-f
34 0.54+0.01e-j 0.79+0.02a 2.42+0.16d 9.42+1.07j-n
35 0.65+0.04a-f 0.78+0.03a 4.11+0.21d 9.82+1.66h-m
36 0.47+0.02h-j 0.59+0.01b-d 13.03+1.84ab 5.76+0.61p
Average 0.63 0.56 10.59 11.36
CVI% 17.34 27.08 40.63 20.92
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Saline alkali Drought land Saline alkali Drought land
Number  Stomatal conductance ~ Stomatal conductance  Transpiration rate Transpiration rate

(mol/m?/s) (mol/m?/s) (mmol/m?/s) (mmol/m?/s)
1 0.10+0.02b 0.03+0.00i-I 2.60£0.43b 1.16+0.00f-I
2 0.07+0.01b 0.05+0.01d-j 1.85+0.28b 1.65+0.14bc
3 0.11+0.03b 0.04+0.00e-I 2.76+0.46b 1.43+0.02c-g
4 0.08+0.01b 0.04+0.00e-I 2.21+0.60b 1.36+0.02d-h
5 0.09+0.02b 0.0520.00d-k 2.2610.39%b 1.46+0.03c-e
6 0.08+0.01b 0.06+0.00b-e 2.04+0.18b 1.76+0.08b
7 0.11+0.03b 0.07+0.01ab 3.04+£1.13b 2.0740.13a
8 0.13+0.06b 0.07+0.00ab 3.58+1.70b 2.07+0.09a
9 0.08+0.02b 0.05+0.00c-g 2.12+0.46b 1.56+0.07b-d
10 0.0940.04b 0.0440.00h-I 2.54+1.11b 1.09+0.05h-n
11 0.08+0.02b 0.04+0.00g-I 2.0740.49b 1.16+0.00f-I
12 0.07+0.02b 0.04£0.00f-I 1.86+0.31b 1.17+0.041-1
13 0.09+0.01b 0.0520.00d-j 2.4340.43b 1.34+0.05d-h
14 0.11+0.03b 0.03+0.00kI 2.6910.57h 0.95+0.04j-0
15 0.1440.08b 0.06+0.00a-d 3.15+1.20b 1.68+0.08bc
16 0.12+0.05b 0.04+0.00e-I 2.90+0.87b 1.18+0.07e-l
17 0.18+0.11ab 0.04+0.00e-1 3.74+1.54h 1.16+0.04f-I
18 0.13+0.07b 0.050.00e-k 3.02+1.07b 1.23+0.04e-j
19 0.09+0.02b 0.05+0.01e-k 2.3310.37b 1.20+0.14e-k
20 0.1620.06b 0.05+0.00d-i 3.3840.70b 1.35+0.02d-h
21 0.14+0.04b 0.04£0.00f-I 3.52+1.23b 1.07+0.09h-n
22 0.11+0.05b 0.03+0.00j-I 2.69+0.99b 0.92+0.07k-0
23 0.0940.02b 0.0440.01e-k 2.40£0.43b 1.03+0.05i-n
24 0.07+0.01b 0.0620.00b-f 1.85+0.17b 1.24+0.07e-i
25 0.08+0.02b 0.050.00e-k 2.3440.64b 1.16+0.08f-I
26 0.10+0.02b 0.0440.00e-k 2.89+0.50b 1.01+0.02i-n
27 0.08+0.01b 0.05+0.00d-h 2.35+0.33b 1.15+0.01g-m
28 0.070.01b 0.07+0.01a-c 2.05+0.13b 1.44+0.13c-f
29 0.10+0.01b 0.0440.01h-I 2.7440.29b 0.85+0.12n0
30 0.13+0.06h 0.04+0.01e-I 3.24+1.20b 0.91+0.221-0
31 0.15+0.03b 0.07+0.00a 3.660.56b 1.44+0.09c-f
32 0.18+0.04ab 0.04+0.01e-I 4.14+0.76ab 0.90+0.171-0
33 0.13+0.00b 0.07+0.00a-c 3.23+0.02b 1.25+0.03e-i
34 0.09+0.01b 0.0440.01h-I 2.3740.16b 0.82+0.09n0
35 0.08+0.00b 0.04+0.01g-I 2.21+0.02b 0.87+0.17m-0
36 0.29+0.04a 0.03+0.00I 6.10+0.56a 0.69+0.010
Average 0.11 0.05 2.79 1.24
CV/% 39.51 23.91 29.36 26.10

Data presented are the means + SE of three independent experiment. Different lowercase letters indicate that
there is significant difference (p < 0.05) between the different varieties of the same treatment.
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number, axis diameter and ear row number. Significant negative correlations were observed
between dry fresh ratio and plant height, SPAD value, above ground biomass, canopy temperature

and the stem diameter, net photosynthetic rate.
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Fig. 1. The correlations between agronomic index, photosynthetic parameters and yield indicees under saline alkali

condition.

The color shade and size of the circle in the upper right corner represent the strength of the correlation. The size of the
figure in the lower left corner represents the size of the correlation coefficient, *represents a significant correlation (p
< 0.05), and **represents a highly significant correlation (p < 0.01). PH - Plant height, SD - Stem diameter, SPAD -
Relative chlorophyll content, CT - Canopy temperature, SGA - Stay-green ability, Pn - Net photosynthetic rate, Gs-
Stomatal conductance, Tr - Transpiration rate, D/F- The ratio of dry weight and fresh weight, Biomass- Aboveground
biomass, SEW - Single ear weight, 100GW - 100-Grain Weight, EL- Ear length, ED - Ear diameter, AD - Axis

diameter, BL - Bald length, ERN - Ear row number and RG - Row grains.

According to the correlation analysis of each index in different maize varieties, there were
significant differences among different indicators, the information they provide were overlapped,
and the variation range of each index was different, which played a different role in the tolerance
evaluation. The drought tolerance and saline-alkali tolerance of maize are a complex colligation
character, which are the combined effect of several factors. Use of a single index cannot accurately
evaluate the drought tolerance and saline-alkali tolerance of each varieties. In order to make a
more accurate and comprehensive evaluation the drought and saline-alkali tolerant of the maize
varieties at mature stage is important. Workers should take various aspects into consideration
rather than only use a single index to reflect the salt and drought tolerance of plants. Principal
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component analysis (PCA) and subordination function analysis (SFA) were used to
comprehensively evaluate and classify the salt tolerance and drought tolerance of maize varieties.
According to the eigenvalue and the cumulative contribution rate of each index to filter the main
components, and then make a comprehensive evaluation for varietal tolerancy ability.
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Fig. 2. The correlations between agronomic index, photosynthetic parameters and yield indicators under dry land condition.
The color shade and size of the circle in the upper right corner represent the strength of the correlation. The size of
the figure in the lower left corner represents the size of the correlation coefficient, *represents a significant
correlation (p < 0.05), and **represents a highly significant correlation (p < 0.01). PH - Plant height, SD - Stem
diameter, SPAD - Relative chlorophyll content, CT - Canopy temperature, SGA - Stay-green ability, Pn - Net
photosynthetic rate, Gs - Stomatal conductance, Tr - Transpiration rate, D/F - The ratio of dry weight and fresh
weight, Biomass - Aboveground biomass, SEW - Single ear weight, 100GW - 100-Grain weight, EL- Ear length, ED
- Ear diameter, AD - Axis diameter, BL - Bald length, ERN - Ear row number and RG - Row grains.

The identification of drought tolerance and saline-alkali tolerance in maize varieties is a
complicated process which is caused by many factors. It is difficult to evaluate drought tolerance
and saline-alkali tolerance comprehensively and accurately by only one single indicator, so the use
of the subordinate function method can be used. As shown in Table 3, based on the subordinate
function values of 18 indices, 18 single indices were transformed into 5 principal components, and
the composite score of each maize variety (lines) was calculated by principal component analysis
(PCA). The Eigen values of the population from first to fifth reached over 1, and the first five
principal components of the cumulative contribution rate accounted for 76.433%, so it may be
considered to retain the first five principal ingredients.
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Table 3. Eigen values, cumulative contribution rate of principal components and Eigen vector matrix
by principal component analysis of different maize varieties under saline-alkali condition.

Cl1 Cl2 Cl3 Cl4 Cl5
X1 0.39 0.08 0.16 ~0.07 0.28
X2 0.15 0.01 0.15 -0.39 0.17
X3 0.35 0.06 -0.18 0.15 -0.28
X4 -0.35 -0.19 0.23 0.05 0.15
X5 0.38 0.07 -0.19 0.20 -0.27
X6 -0.05 -0.17 -0.20 -0.16 0.47
X7 0.04 -0.05 0.51 0.33 -0.08
X8 0.12 -0.03 0.51 0.30 0.02
X9 -0.05 0.20 ~0.06 0.26 0.46
X10 0.36 0.24 0.11 0.08 0.17
X11 -0.15 0.46 -0.03 0.11 0.10
X12 -0.22 0.33 0.00 0.33 0.12
X13 -0.16 0.38 -0.10 -0.01 -0.21
X14 -0.01 0.42 0.19 -0.15 -0.02
X15 -0.16 0.14 0.33 -0.35 0.22
X16 -0.28 -0.11 0.16 -0.02 ~0.40
X17 0.27 0.05 0.26 -0.37 -0.09
X18 -0.10 0.39 -0.08 -0.27 -0.13
Eigen values 4.84 3.28 2.46 1.82 1.36
Cumulative 26.90 45.09 58.76 68.89 76.43

contribution rate/%

X1: Plant height, X2: Stem diameter, X3: SPAD values, X4: Canopy temperature, X5: Stay-green ability, X6: Net
photosynthetic rate, X7: Stomatal conductance, X8: Transpiration rate, X9: The ratio of dry weight and fresh weight,
X10: Aboveground biomass, X11: Single ear weight, X12:Hundred-grain weight, X13: Ear length, X14: Ear
diameter, X15: Axis diameter, X16: Bald length, X17: Ear row number, X18: Row grains.

Through further analysis of the PCA’s results by membership function method, the results
showed that the tolerance to saline-alkali of 36 maize varieties was different (Table 4). According
to the comprehensive evaluation value (D value), the line of 133-2/1528 was the most saline-alkali
tolerant, and Ke Duo 8 had the weakest saline-alkali tolerance, other varieties are between the two.
Selecting the comprehensive evaluation value (D value) under saline-alkali treatment, the results
of systematic cluster analysis (Fig. 3) showed that the 36 maize varieties can be divided into four
groups. Three materials (the number of 7, 13 and 16) included in the first group, belong to highly
saline-alkali tolerant. Ten materials (the number of 12, 22, 3, 18, 36, 4, 17, 8, 10 and 26) included
in the second group belong to moderately saline-alkali tolerant. Nineteen materials (the number of
23,31, 11, 20, 2, 21, 9, 6, 5, 32, 15, 29, 33, 35, 19, 27, 34, 14 and 30) included in the third group
belong to saline-alkali sensitive. Four materials (the number of 1, 24, 25 and 28) included in the
fourth group belong to extremely saline-alkali sensitive. The comprehensive D value of the first
group was the highest, the second group was the second, and the fourth group was the least. By
comparing the results of comprehensive D value and cluster analysis, it showed that the cluster
analysis can scientifically regard the 36 maize varieties be divided into four groups that had
different degrees of saline-alkali tolerance, and this can provide guidance for further experiments.
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According to the formula in 2.4 data analysis, the membership function values (U value) of
36 maize varieties were calculated respectively, and the weight of each index was 0.414, 0.333,
0.153 and 0.100, respectively. Finally, the comprehensive D value was calculated. The specific
results as Tables 5 and 6 showed, D value can reflect the drought-tolerant ability of plants.
Combined with Fig. 4, 36 maize varieties can be divided into five groups under dry land
conditions. Two materials (the number of 28 and 31) included in the first group belong to highly
drought tolerant. Fourteen materials (the number of 15, 26, 33, 6, 32, 29, 35, 34, 14, 27, 8, 7, 30
and 16) included in the second group belong to medium drought tolerant. Fifteen materials (the
number of 2, 13, 17, 10, 19, 5, 20, 9, 3, 11, 21, 25, 18, 12 and 4) in the third group belong to weak
drought tolerant. Eight materials (the number of 22, 23, 24 and 36) included in the fourth group
belong to drought sensitive. The number of 1 included in the fifth group belongs to extremely
drought sensitive.

Table 5. Eigenvalues, cumulative contribution rate of principal components and Eigenvector matrix by
principal component analysis of different maize varieties under dry land condition.

Cl1 Cl2 Cl3 Cl4
X1 0.33 0.05 0.23 0.24
X2 -0.16 0.05 0.27 0.69
X3 0.31 0.08 0.06 0.35
X4 0.34 0.06 -0.21 -0.07
X5 0.36 -0.03 -0.04 -0.03
X6 -0.26 0.11 0.33 -0.16
X7 0.05 0.18 0.52 -0.24
X8 -0.13 0.14 0.53 0.00
X9 -0.35 -0.01 -0.19 0.01
X10 0.37 0.06 0.04 0.08
X11 -0.14 0.33 -0.15 0.21
X12 -0.23 0.25 -0.19 0.16
X13 0.03 0.41 -0.01 -0.02
X14 -0.04 0.42 -0.12 0.01
X15 0.02 0.40 -0.12 -0.09
X16 0.27 0.13 0.16 -0.30
X17 -0.07 0.36 —-0.05 -0.26
X18 0.20 0.32 -0.10 0.14
Eigen values 6.53 5.00 2.36 1.03
Cumulative contribution 36.26 64.01 7713 82 88

rate/%

X1: Plant height, X2: Stem diameter, X3: SPAD values, X4: Canopy temperature, X5: Stay-green ability, X6: Net
photosynthetic rate, X7: Stomatal conductance, X8: Transpiration rate, X9: The ratio of dry weight and fresh weight,
X10: Aboveground biomass, X11: Single ear weight, X12: Hundred-grain weight, X13:Ear length, X14: Ear
diameter, X15: Axis diameter, X16: Bald length, X17: Ear row number and X18: Row grains.

Based on the above analysis, it can be learned that drought-tolerant varieties do not
necessarily saline-alkali tolerant, while saline-alkali tolerant varieties have some degrees of
drought tolerance. Both drought and saline-alkali are abiotic stress factors which affect the growth
and development of crops are important influencing factors that restrict the yield, quality and
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Fig. 3. Cluster analysis of different maize varieties based on D value under saline-alkali condition.
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Fig. 4. Cluster analysis of different maize varieties based on D value under dry land condition.
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sustainable development of crops. The study on drought tolerance and saline-alkali tolerance of
crops has the significance effects on both agricultural production and ecological environment
construction.

In this experiment, the same field management was controlled except for the environmental
factors in the experimental field (Ningxia central arid belt and Ningxia Yinbei saline-alkali land,
respectively). The results showed that the limited extent of drought-induced crop’s growth and
development was much larger than the saline-alkali stress. Under drought stress, the average
values of agronomic traits, photosynthetic parameters (excluding net photosynthetic rate),
stay-green ability, and yield of all maize varieties were significantly lower than those of saline and
alkali stress (p < 0.05). Jiang and Huang (2001), Xu et al. (2002a), Abraham et al. (2004), Wang
and Huang (2004) and Su et al. (2007) studied the effects of drought and salt stress on plants, the
results showed that both drought and saline-alkali stress severely affected the normal growth of
plants and differently make the degree of yield reduction, among them: drought stress >
saline-alkali stress, which is consistent with the results of this study. This may be due to the fact
that the activity and balance of the protective enzyme system in maize were not damaged under
saline-alkaline stress conditions, and this balance was destroyed under drought stress, which
resulted in the accumulation of reactive oxygen species, initiated and aggravated membrane lipid
peroxidation. Studies have shown that when one wants to plant crops with mild salt soils in arid or
semi-arid areas, as long as there are certain irrigation conditions to prevent plants from being
subjected to drought stress, the plants themselves can maintain their good growth status through
“self-regulation”.

In this experiment, the stay-green ability of the maize at mature stage under drought stress
was significantly lower than that of under saline-alkali stress (p < 0.05), which may be due to the
obvious weakening of photosynthesis caused by drought stress and the subsequent water use
efficiency decreased, stomatal conductance decreased, and intercellular CO, concentration
decreased. And plants can accumulate a large amount of metal ions such as potassium, sodium,
magnesium and calcium ions under salt-alkaline stress conditions, and the magnesium is the only
mineral component of chlorophyll molecules. Therefore, the degree of chlorophyll content
(chlorosis) induced by drought stress was significantly lower than that of saline-alkali stress. It
was also found in this experiment that drought-tolerant lines are not necessarily tolerant to
saline-alkali, while strong salt-tolerant lines have some degree of drought tolerance. For example,
the lines of A28/1522 and 5178-1/1528 had strong drought tolerance, but when they were planted
in saline-alkali soil, the two lines belong to an extremely sensitive group. The lines with strong salt
tolerance (including 133-2/1528, H398/1523 and Ning 3-2/1528), all of which have some degree
of drought tolerance. This is consistent with the study of spring wheat under water and salt (Xu et
al. 2002b).

It may be classified that varieties like 133-2/1528, H398/1523 and Ning3-2/ 1528 were
clustered in the high saline-alkali tolerance group, suggesting that they had the highest
saline-alkali tolerance capability. The A28/1522 and 5178-1/1528 were clustered in the high
drought-tolerant group, suggesting that they had the highest drought tolerance capability. Three
saline-alkali tolerance maize lines and two drought tolerance maize lines, which can be used by
breeders for the genetic improvement in other maize varieties.
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