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Comprehensive evaluation of deep-sowing tolerance of 34 sorghum cultivars
by principal component analysis and subordinate function method

ZHOU Yu, HUANG Juan, WU Yu, ZHANG Yaqin, XI Jiang, ZHANG Xiaochun, LI Zebi
(Institute of Characteristic Crops Research, Chongqging Academy of Agricultural Sciences, Yongchuan, Chongqging 402160, China)

Abstract; In order to evaluate the deep-sowing tolerance of sorghum cultivars and screen related identification
index, we measured the emergence rate, seedling morphology, and dry weight of 34 sorghum cultivars with different
sowing depths of 1, 3, 5, and 7 em by a pot experiment. The results showed that with the increase in sowing
depth, the emergence rate, seedling length, root length, root number, and seedling dry weight decreased with the
relative value ranging between 0.84~0.60, 0.96~0.75, 0.83~0.53, 0.88~0.64, and 0.95~0.85, respectively.
Mesocotyl length, root dry weight, and root-shoot ratio increased by the relative value ranges of 1.52~3.30, 1.10~
1.25, and 1.17~1.50, respectively, while the coleoptiles length had no significant difference among sowing depths.
Principal component analysis ( PCA) showed that the cumulative contribution rate of the first 4 principal compo-
nents was 77.647% , and the relative root-shoot ration, relative root length, relative mesocotyl length, and emer-
gence rate had the maximum weight in values. These 4 traits above were used as the main indices for evaluating
deep-sowing tolerance and to calculate subordinate function values. According to the cluster analysis of sorghum va-
rieties based on the subordinate function values, 3 groups of deep-sowing tolerance of 34 sorghum cultivars were de-
tected: 11 cultivars including Jinliangbai 2 were deep-sowing tolerant, 14 cultivars including Hongqingke were me-
dium deep-sowing tolerant, and 9 cultivars including Jipin 609 were deep-sowing sensitive. In conclusion, the
difference of deep-sowing tolerance among sorghum cultivars was distinct, and the tolerance of hybrids was higher

than that of conventional cultivars.
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Table 1 ~ Cultivars and origins of sorghum tested

5 Code it Cultivar PR Source %5 Code fhAP Cultivar SEE Source
S1 F10 JLET Beijing S18 24 33 Jinza 33 117G Shanxi
S2 JIK%EHE 15 Chuannuoliang 15 PUJil Sichuan S19 B 34 Jinza 34 1174 Shanxi
S3 JIEERE 1 5 Chuannuoliang 1 PUJIl Sichuan S20 A 35 Jinza 3 1174 Shanxi
S4 K S+ Dalishi Jtat Beijing S21 HikE 1 5 Langnuo 1 pu)il Sichuan
S5 Rk 4 5 Fengza 4 HAK Jilin S22 iL¥E 10 5 Liaonuo 10 i Liaoning
S6 [#%54T 1 %5 Guojiaohong 1 PUJIl Sichuan 823 iLE % 2 5 Liaoxialiang 2 L7 Liaoning
S7 2175 5% Honggingke FeM Guizhou S24 iI2% 19 Liaoza 19 iLT* Liaoning
S8 21 2%F Hongyingzi Fe M Guizhou S25 JI2% 27 Liaoza 27 iL7* Liaoning
S9 2174 6 %5 Hongza 6 17 Shanxi S26 JI2% 35 Liaoza 35 iLT* Liaoning
S10 FARZ35N Hongzhenzhu M Guizhou S27 L4 3 5 Liaonian 3 LT Liaoning
S11 WUk 1 5 Jinuoliang 1 PJIl Sichuan S28 LK% 6 5 Liaonian 6 fi Liaoning
S12 b 609 Jipin 609 AR Jilin 829 #if% 8 %5 Lunuo 8 P9I Sichuan
S13 4HE3 15 Jinnuoliang 1 P41l Sichuan S30 1 8 5 Maogao 8 F M Guizhou
S14 B3 206 Jinliang 206 1175 Shanxi S31 9 5 Maogao 9 H M Guizhou
S1s HEHHMH 25 Jinliangbai 2 117G Shanxi S32 FHI K Qingzhudashi JE 5L Beijing
S16 W 3 %5 Jinnuo 3 174 Shanxi $33 FitE % Tiangaoliang 117G Shanxi
S17 P4k 22 Jinza 22 LIV Shanxi S34 Ak 9203 Xinza 9203 LIV Shanxi
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Table 2 Variance analysis of seedling traits for sorghum cultivars at different sowing depths

AR SR Variance source X, X, X Xy Xs Xe X; Xy X,
ShFh Cultivar(C) 8.33** 1589** 2.10** 5.65%%  15.779**  9.23** 3.19"* 2.43%* 3.07*
&R Sowing depth(S) 145.86* *  340.58**  0.71 99.61"*  606.16* * 202.20** 27.52** 16.93** 34.89**

FRFPARIR CxS 1.97** 1.86**  0.49 0.81 205 171*F 0.67 0.43 0.79

TE X, ¢ ARRSHERX AR ARG s Xy AR IRZE R X AR R IC; Xs o ARRARAC s X o ARXPARAER X, AR X o AR AR R ;

Xo: MR, * F/REFEE(P<0.05); = = FREFWEE(P<0.01), TR,

Note: X, : Relative emergence rate; X, : Relative mesocotyl length; X, : Relative coleoptiles length; X, : Relative seedling length; X5 : Relative root

length; X, : Relative root number; X, : Relative seedling dry weight; X;: Relative root dry weight; X,: Relative root-shoot ratio. * means significant

difference (P<0.05); * * means extremely significant difference ( P<0.01). The same below.

R3 ERJZIEMBHRIERAOEXME

Table 3 Relative values of germination traits of sorghum cultivars

il Cultivar X, X, X; X, X Xs X; Xg Xy
S1 0.59ij 3.78b 0.94bede 0.96bc 0.69ghijkl 0.65klmno 0.87bcdefgh  1.17abedefg 1.37abedef
52 0.66{ghi 2.94cde 0.96abcde 0.90bedef  0.74cdef 0.693jklmno  0.81fgh 1.01g 1.27bedef
S3 0.77cdef 3.09cd 1.13ab 0.97ab 0.64ijklmn 0.63no0 0.83efgh 1.24abcdef 1.52abed
S4 0.66fghi 2.24{ghij 1.08abe 0.78ghijk 0.56pq 0.71ghijklmn  0.83efgh 1.16abcdefg 1.51abed
S5 0.78bcde 2.26fghi 0.93cde 0.79efghijk  0.71defgh 0.84bcde 0.85cdefgh 1.24abcdef 1.50abcde
S6 0.54j 1.68klm 1.07abed 0.78fghijk ~ 0.8%a 0.97a 0.85cdefgh 1.35ab 1.60a
S7 0.60ij 2.13ghijk 0.83e 0.83cdefghijk 0.73def 0.86b 0.87abedefgh  1.16abedefg 1.37abedef
S8 0.67efghi 2.12ghijk 1.07abed 0.90bcdefg  0.60mnop 0.86b 0.94abed 1.36a 1.45abedef
S9 0.69defghi 1.87hijkl 0.98abede 0.88bcdefgh  0.70efghij 0.80bcdefgh  0.95abed 1.22abcdefg 1.31abedef
S10 0.73cdefg 2.11ghijk 1.03abed 0.92bede 0.60mnop 0.74fghijkl ~ 0.90abedef 1.11defg 1.23def
S11 0.77cdef 2 Aefg 0.84e 0.73k 0.58nopq 0.64mno 0.76h 1.16abcdefg 1.56ab
S12 0.62hij 2.27fghi 0.95bede 0.95bc 0.53q 0.71hijklmno  0.91abedef 1.04fg 1.21ef
S13 0.78bed 2.50efg 1.07abed 1.08a 0.66ghijklm  0.76cdefghi  0.89abedefg  1.07efg 1.22def
S14 0.75cdef 2.58defg 1.07abed 0.88bcdefgh  0.65hijklmn  0.70ijklmno  0.79gh 1.18abcdefg 1.54abc
S15 0.94a 2.35{gh 1.03abed 0.93bed 0.68fghijkl 0.60jklmno  0.83efgh 1.11defg 1.37abedef
S16 0.88ab 1.74ijkIm 0.98abede 0.76ijk 0.70efghijk 0.75efghij 0.8%9abedefg  1.10defg 1.26bcdef
S17 0.83bc 2.61defg 0.9abede 0.93bed 0.560pq 0.86b 0.90abedef 1.13cdefg 1.24cdef
S18 0.72cdefgh 2.33{gh 0.94cde 0.81defghijk  0.63klmn 0.86b 0.87bcdefgh  1.17abedefg 1.36abedef
S19 0.60ij 2.93cde 1.12abc 0.93bed 0.78bed 0.85hc 0.95abe 1.14bcdefg 1.20ef
S20 0.93a 2.36fgh 1.02abede 0.95bc 0.71efghi 0.74fghijkl ~ 0.90abcdefg ~ 1.29abed 1.44abedef
S21 0.61hij 1.84hijkl 1.00abede 0.89bedefg  0.76bcde 0.80bedefg  0.94abed 1.16abedefg 1.24cdef
S22 0.68defghi 2. 46efg 1.10abe 0.86bcdefghij 0.63Imnop 0.72fghijklm  0.95abc 1.22abcdefg 1.29bcdef
S23 0.77cdef 2.53efg 1.01abede 0.74jk 0.80bc 0.74fghijkl  0.84defgh 1.11defg 1.33abedef
S24 0.62hij 3.18¢ 1.15a 0.97ab 0.81b 0.81bed 0.90abedef 1.04fg 1.17f
S25 0.77cdef 2 AMefg 0.96abede 0.76hijk 0.70efghijk 0.85bed 0.97ab 1.14bedefg 1.18f
826 0.63ghij 2.34fgh 0.96abcde 0.83cdefghijk 0.72defg 0.72fghijklm  0.97ab 1.25abedef 1.29bedef
S27 0.76cdef 2.71cdef 0.99abede 0.95bc 0.65hijklmn  0.74fghijkl ~ 0.92abede 1.29abed 1.40abedef
528 0.82bc 4.47a 1.01abede 0.90bcdef  0.59mnop 0.76defghi 0.96ab 1.33abc 1.37abedef
S29 0.75cdef 1.32m 0.97abede 0.73k 0.61mnop 0.75efghijk ~ 0.88abcdefg  1.17abedefg 1.33abedef
S30 0.79bed 1.30m 0.88de 0.72k 0.58nopq 0.63mno 0.85cdefgh 1.16abcdefg 1.36abedef
S31 0.76cdef 1.71jklm 0.93cde 0.86bedefghi  0.63lmno 0.620 0.93abcde 1.29abed 1.41abedef
S32 0.62hij 2.90cde 0.93cde 0.76hijk 0.64jklmn 0.65Imno 0.91abedef 1.10defg 1.21ef
533 0.75cdef 1.56lm 1.11abe 0.88bcdefghi 0.77bcde 0.73fghijklm  0.98ab 1.27abede 1.31abedef
534 0.79bcd 2.17fghijk ~ 0.91bcde 0.81defghijk  0.62lmnop 0.681jklmno  0.98a 1.13cdefg 1.15f

T« IR SAS R) - RE R Ab B ) 22 57 B 25 (P<0.05)

Note: Values within the same column followed by different letters are significant difference ( P<0.05).
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Table 4  Correlation coefficients of germination traits of sorghum cultivars

AR Trait X, X, X; X, Xs X X, X X,
X 1.000
X, -0.518** 1.000
X, 0.052 0.024 1.000
Xy 0.468**  -0.305"* 0.369* * 1.000
Xs 0.424%*  -0.603** 0.185 0.539* * 1.000
Xe 0.328**  -0.548** 0.147 0.474** 0.727** 1.000
X, -0.321**  -0.404** 0.131 0.420* * 0.434* " 0.502** 1.000
Xy -0.285%* 0.327%* 0.012 -0.379%*  -0.392%*  -0.244* -0.061 1.000
Xy -0.417** 0.482**  -0.063 -0.539**  -0.563**  -0.490**  -0.712** 0.728** 1.000

x5 EHOFMEERERTEHKE

Table 5 Eigenvalues, contribution and cumulative contribution rate of principal components

Fngr B ( BTk % FBTTHR/ %
Principal X, X, Xy X Xe X; Xg X . ? Contribution Cumulative
Eigenvalue -
component rate contribution rate
1 -0.424  0.236 0.426 0.378 0.417 0.685 -0.269 -0.791 1.901 23.759 23.759
2 -0.392 -0.346 -0.320 0.581 0.694 0.084 0.624 0.439 1.784 22.306 46.065
3 0.025 0.710 0.655 -0.013 -0.002 0.011 0.485 0.389 1.319 16.493 62.558
4 0.434 -0.288 -0.033 -0.401 -0.048 0.694 0.522 -0.131 1.207 15.089 77.647
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Table 6 Subordinate function values and comprehensive evaluation of sorghum cultivars

o AU H T A R A FAXTHR FAXT AR L @ PR E
ah Relati g Relati otyl Relati t Relative root-shoot Subordinate functi fLes
Cultivar elative emergence elative mesocoty. elalive roo elal 1\.6 root-shoo ubordinate function Order
rate (R;) length (R,) length (Rs) ratio (Ry) value (S)
S1 0.189 0.748 0.469 0.471 0.469 14
S2 0.341 0.517 0.656 0.643 0.539 9
S3 0.585 0.562 0.358 0.213 0.430 22
S4 0.343 0.277 0.164 0.238 0.255 34
S5 0.607 0.302 0.569 0.249 0.432 21
S6 0.069 0.124 1.000 0.054 0.312 32
S7 0.208 0.288 0.619 0.487 0.400 24
S8 0.346 0.256 0.214 0.343 0.290 33
S9 0.416 0.184 0.539 0.593 0.433 20
S10 0.487 0.265 0.248 0.740 0.435 19
St1 0.594 0.348 0.172 0.143 0.314 31
S12 0.250 0.303 0.066 0.791 0.352 28
S13 0.596 0.406 0.420 0.757 0.545 7
S14 0.530 0.394 0.398 0.189 0.378 26
S15 0.943 0.308 0.480 0.495 0.556 5
S16 0.812 0.138 0.539 0.684 0.543 8
S17 0.695 0.457 0.159 0.699 0.502 12
S18 0.456 0.316 0.308 0.503 0.396 25
S19 0.212 0.486 0.745 0.781 0.556 6
$20 0.929 0.310 0.517 0.357 0.528 10
S21 0.238 0.181 0.722 0.714 0.464 16
822 0.356 0.347 0.334 0.629 0.416 23
$23 0.584 0.364 0.778 0.554 0.570 3
S24 0.255 0.552 0.838 0.832 0.619 1
S25 0.558 0.339 0.556 0.820 0.568 4
S26 0.271 0.306 0.613 0.631 0.455 17
S27 0.560 0.428 0.387 0.420 0.449 18
S28 0.675 1.000 0.200 0.473 0.587 2
$29 0.521 0.019 0.309 0.544 0.348 29
$30 0.624 0.022 0.226 0.484 0.339 30
S31 0.567 0.139 0.348 0.410 0.366 27
S32 0.256 0.506 0.399 0.774 0.484 13
S33 0.517 0.090 0.691 0.575 0.468 15
S34 0.608 0.287 0.352 0.863 0.528 11
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Dendrogram of cluster analysis of 34 sorghum cultivars
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