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Screening and evaluation methods of drought resistance
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Abstract : In order to screen out the drought-tolerant sweet sorghum cultivars (lines) and identification indica-
tors, an experiment was conducted using 22 sweet sorghum cultivars (lines), normal irrigation (T1), severe
drought (T2) ,plant height, spike weight, spike weight per plant, 1000—grain weight, and yield (yield per unit ar-

ea) were measured. By using correlation analysis, principal component analysis, drought resistance coefficient( DRC) ,
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comprehensive drought resistance coefficient ( CDRC value ), weighted drought resistance coefficient ( WDC
value ), membership function value ( D value ), cluster analysis, and other analytical methods, we did
identification and index screening of drought resistance of different sweet sorghum varieties at maturity. The results
showed that drought effected indicators remarkably (P>0.05). The frequency analysis of drought resistance coeffi-
cient showed that the drought resistance of each index was in the order of the grain number per spike>number of
branches>plant height>culm diameter>1000—grain weight>spike culm diameter>spike weight>spike length>spike
weight>yield. Correlation analysis showed that plant height was significantly negatively correlated with ear weight
(P<0.05) ; yield was extremely significantly positively correlated with ear grain number, ear weight, kernel weight
per plant, and thousand kernel weight (P<0.01) ; Ear weight and grain weight per plant were extremely signifi-
cantly positively correlated (P <0.01); ear weight was extremely significantly positively correlated with grain
number per ear (P<0.01) ; grain weight per plant was extremely significantly positively correlated with thousand-
grain weight (P<0.01). By using principal component analysis, those indicators were transformed into 5 new inde-
pendent comprehensive indicators, which could replace 88.087% information of all the original indicators. The grey
correlation analysis showed that the correlation level of indicators’ DRC and D values ranked as spike weight per
plant>1000—grain weight>grain number per spike>yield >spike culm diameter>branch of number>spike weight>
spike length>plant height>culm diameter. According to D value clustering analysis, tested sorghum materials were
divided into 5 drought resistance grades, 3 belonged to grade I, 7 belonged to grade II, 6 belonged to grade 111, 4
belonged to grade IV, and 2 belonged to grade V. The result of cluster analysis showed that except for the plant
height, culm diameter, spike length, the 1000—grain weight, spike weight per plant, spike weight, grain number
per spike, D value, number of branches, spike culm diameter, CDRC value, and WDC value went up following the
index of drought tolerance. Stepwise linear regression indicated that the 1000—grain weight, spike weight per plant,
grain number per spike, spike culm diameter and D value were strongly linked. Drought stress had significant
effects on various indicators of sweet sorghum maturity. The 1000—grain weight, spike weight per plant, grain num-
ber per spike, and spike culm diameter were regarded as visual, precise, and simple evaluation indexes of drought-
tolerance. F417, ¥438 and F6137 were the most resistant sweet sorghum cultivar (lines).

Keywords: sweet sorghum; mature period; drought resistance; drought resistance index
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Table 1  Test materials

45 Code & Lines JEAR Parents 4’5 Code i % Lines 7R Parents
1 F417 ZKO0181xZKO18A 12 F6141 ZKO0181xZK048A
2 F438 ZK0180xZKO017A 13 F6372 ZKO0181xZK050A
3 F968 ZK0410xZKO009A 14 F6319 7ZKO0181xZK053A
4 TX41 ZK0410 548 FFf Mutation breeding 15 F6149 ZK0181xZK060A
5 SN005 7ZK0180 578 & Mutation breeding 16 F6018 ZK0181xZK067A
6 6229 ZK0181xZKO18A 17 F6017 ZK0181xZK068A
7 F6271 ZK0181xZK029A 18 F6027 ZK0181xZKO073A
8 F6383 ZK0181xZK030A 19 F6306 ZK0181xZK079A
9 F6099 ZK0181xZKO031A 20 F6137 ZK0181xZKO081A
10 F6106 ZKO0181xZK042A 21 A60 ZK0181xZKO084A
11 F6036 ZK0181xZK044A 22 YT003 ZK0181xZK087A
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Table 2 Soil physical and chemical properties under different water treatments
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/(mg - kg™) /(mg « kg™) /(mg -« ke™)
T1 0.566 0.493 17.986 31.537 103.417 113.598 6.361 8.957
T2 0.493 0.453 16.432 28.783 125.768 108.373 8.718 8.878
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Table 4  Drought resistance coefficient of agronomic traits in tested sweet sorghum materials

M EYill MR MM B R BT ABRRLEE TRIE -

fif; Plfint ‘Stem Spike Sp.ike stem  Branches Grain nu'mber Sp'ike Spike weight 1000'—grain zii
height diameter length diameter number  per spike weight per plant weight
F417 0.77 0.77 0.79 0.93 0.94 0.91 0.78 0.78 0.86 0.78
F438 0.65 0.93 0.57 0.87 0.92 0.92 0.90 0.76 0.83 0.76
F968 0.85 0.92 0.64 0.72 0.93 0.91 0.80 0.50 0.55 0.50
TX41 0.94 0.78 0.49 0.60 0.80 0.92 0.67 0.58 0.63 0.58
SN005 0.80 0.91 0.63 0.82 0.73 0.86 0.83 0.69 0.80 0.69
F6229 0.79 0.94 0.67 0.45 0.82 0.67 0.58 0.53 0.79 0.53
F6271 0.82 0.74 0.80 0.88 0.96 0.87 0.76 0.61 0.70 0.61
F6383 0.84 0.83 0.67 0.76 0.79 0.90 0.91 0.84 0.82 0.84
F6099 0.99 0.84 0.97 0.73 0.87 0.93 0.77 0.77 0.83 0.77
F6106 0.93 0.94 0.79 0.91 0.98 0.85 0.59 0.59 0.70 0.59
F6036 0.84 0.86 0.88 0.78 0.88 0.86 0.70 0.63 0.74 0.63
F6141 0.83 0.71 0.83 0.84 0.85 0.88 0.80 0.74 0.85 0.74
F6372 0.79 0.75 0.76 0.47 0.89 0.93 0.79 0.75 0.75 0.75
F6319 0.93 0.90 0.66 0.88 0.81 0.75 0.66 0.62 0.84 0.62
F6149 0.98 0.74 0.56 0.84 0.90 0.82 0.58 0.70 0.85 0.70
F6018 0.89 0.85 0.61 0.87 0.90 0.83 0.52 0.72 0.87 0.72
F6017 0.96 0.76 0.57 0.73 0.85 0.81 0.63 0.60 0.74 0.60
F6027 0.84 0.90 0.60 0.72 0.86 0.76 0.64 0.55 0.73 0.55
F6306 0.81 0.92 0.77 0.79 0.83 0.82 0.62 0.60 0.72 0.60
F6137 0.81 0.85 0.84 0.74 0.84 0.87 0.88 0.84 0.96 0.84
A60 0.88 0.70 0.83 0.60 0.70 0.84 0.75 0.70 0.83 0.70
YT002 0.85 0.74 0.92 0.71 0.87 0.74 0.65 0.59 0.79 0.59
8L Average 0.855 0.830 0.721 0.758 0.859 0.848 0.719 0.667 0.781 0.667
BRFE CV 0.093 0.098 0.182 0.174 0.080 0.080 0.156 0.147 0.114 0.147

x5 SRHERBASRZUERNERYESH

Table 5  Distributions of drought resistance coefficients of agronomic traits in tested sweet sorghum materials

ek 0.4<DRC<0.5 0.5<DRC<0.6 0.6<DRC<0.7 0.7<DRC<0.8 0.8<DRC<0.9 0.9<DRC<1
e REC MU B BRU% BN BRU% RO BEU% RE BEU% KB BRU%
Times  Frequency  Times Frequency  Times Frequency  Times Frequency  Times Frequency  Times Frequency
HE'EJ, 0 0 0 1 4.55 3 13.64 12 54.55 6 27.27
Plant height
E-viil
. 0 0 0 1 4.55 8 36.36 7 31.82 6 27.27
Stem diameter
3N
. 4.55 3 13.64 7 31.82 5 22.73 4 18.18 2 9.09
Spike length
FEZER
Spike stem 2 9.09 2 9.09 0 0 9 40.91 7 31.82 2 9.09
diameter
SR
Branches 0 0 0 0 1 4.55 2 9.09 12 54.55 7 31.82
number
RERIHL
Grain number 0 0 0 0 1 4.55 3 13.64 11 50.00 7 31.82
per spike
. . 0 0 4 18.18 6 27.27 8 36.36 2 9.09 2 9.09
Spike weight
BARRRL T
Spke weight 0 0 7 31.82 6 27.27 7 31.82 2 9.09 0 0.00
per plant
T E
1000—grain 0 0 1 4.55 2 9.09 9 40.91 9 40.91 1 4.55
weight
sy =N
o 0 0 7 31.82 6 27.27 7 31.82 2 9.09 0 0

Yield
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Table 6 Correlations of drought resistance coefficients of all indices in tested sweet sorghum materials

Ptk PR ZEHL B MR R BRI BE bkRiE TRGE o
Trait Plant Stem Spike  Spike stem Branches Grain number Spike Spike weight 1000—grain Yielci
height ~ diameter  length  diameter — number per spike  weight  per plant weight
¥ Plant height 1.00
ZEH Stem diameter -0.24 1.00
T Spike length -0.02  -0.23 1.00
FHZEM Spike stem diameter 0.01 0.11 0.02 1.00
A3 Ki%% Branches number -0.08 0.09 0.10 0.41 1.00
FHRIZL Grain number per spike -0.12 -0.20 0.08 0.18 0.21 1.00
FHE Spike weight -0.51* -0.07 0.19 0.04 -0.14 0.64** 1.00
HiRRKIE Spike weight per plant  -0.20  -0.29 0.24 0.21 -0.11 0.53** 0.59** 1.00
FRiE 1000-grain weight -0.12 -0.19 0.25 0.21 -0.22 -0.11 0.18 0.75"* 1.00
7oA Yield -0.20  -0.29 0.24 0.21 -0.11 0.53** 0.59"* 1.00** 0.75**  1.00

I = fURBEARF P<0.05; = = LR BFZKF P<0.01,

Note: * represents significant level at P<0.05; * * represents significant level at P<0.01.
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¥« BRORRRL H > kL B > RO B> 7 > R > A A
B-MBESHK SRS >ZEM, DRC {5 CDRC 14,
WDC {f D {H % VIR REA —F,
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SART (1) o DK 22 SRR R ETE R R 5 2K,
51 RN EDURA 4 F417 F438 Tl F6137, 4
M 13.64% 565 1T NPT 2R, U dE F6141 ,F6099 |
F6383 . F6018, F6271, F6106 Fil F6036, 5 k& %X
31.82% ; 5 M2 h A BT R 7, A48 YT003 \F6149
F7372 .SN005 . F6319 1 F6306, i &L %L 27.27% ; 55
IV 2 g SRR | 4045 F6027 . F6017 . A60 il F968, (5
BN 18.18% 355 V 25y iy FE BB AN 414 16229 Al
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Pl DRC {8}y 725 &, WDC {8 .CDRC {6 F1 D 1
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Table 7 Eigenvectors and contribution rates of principal

components in tested sweet sorghum materials

Pk A FZAT Factor loading
Trait cI, Cl, Cl, cl, CI,
PR -0.169 -0.330 0.465 -0.321 -0.345
Plant height N N
ENicl
- . -0.168 0.343 -0.227 0.446 -0.013
Stem diameter
. 0.182 -0.100 0.223 -0.161 0.838
Spike length
Y|
L. . 0.123 0.363  0.529 0.306 -0.199
Spike stem diameter
e
g -0.042 0.545 0.551 -0.056 0.209
Branches number
o
. FRRLEL . 0.316 0.380 -0.047 -0.483 -0.240
Grain number per spike
. . 0.387 0.230 -0.396 -0.142 0.050
Spike weight
L. $+’H€ii 0.518 -0.084 0.055 0.069 -0.131
Spike weight per plant
THIE
1000~ grain weight 0.356 0.372 0.186 0.462 0.027
v =N
F’.:i 0.508 -0.084 0.055 0.069 -0.131
Yield
-/
%‘{ﬂ?[ﬁ. 3.616 1.622  1.392 1.226 0.952
Characteristic root
. 'Jlﬁj(%_ 36.159 16.219 13.924  12.261 9.524
Contribution rate/%
ESawites
Cumulative contribution 36.159 52.378 66.302  78.563 88.087
rate/ %
PRl F A

. 0.410  0.184 0.158 0.139  0.108
Factor weight

PARRRIE R EZMS D EZE VI, S,
A S BT R BT, WDC {8 . CDRC {8 . D {6 F1 7 2 AH
I R EA G (P<0.01) , Bk, T-RE
PR FEOR ESOR 2O T T e SR R
MRS, T T AR, 385 TAERCR.,
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Table 8 D values, CDRC values, and WDC values of drought resistance evaluation in tested sweet sorghum materials

e S JE PREH Subordinate function value D& Hep WDC 18 HEF CDRC {H HEF
Lines U(X,) U(X,) UX;) UXy) U(Xs5) D value Rank WDC value  Rank  CDRC value  Rank
F417 0.864 0.718 0.645 0.623 0.576 0.738 1 0.833 3 0.829 3
F438 0.819 0.997 0.096 0.972 0.363 0.709 3 0.819 5 0.812 5
968 0.101 1.000 0.157 0.180 0.475 0.327 19 0.745 18 0.733 18
TX41 0.193 0.456 0.165 0. 000  0.000 0.189 22 0.706 21 0.698 21
SN005 0.590 0.498 0.038 0.832 0.256 0.483 11 0.784 9 0.776 10
F6229 0. 000 0.227 0. 000 1.000 0.802 0.268 21 0.684 22 0.676 22
F6271 0.441 0.781 0.622 0.270 0.711 0.538 8 0.783 10 0.776 11
F6383 0.918 0.464 0.168 0.561 0.222 0.591 6 0.823 4 0.820 4
F6099 0.760 0.406 0.665 0.258 0.634 0.596 5 0.847 2 0.844 2
F6106 0.205 0.82 0.831 0.616 0.578 0.515 9 0.792 7 0.788 7
F6036 0.424 0.607 0.467 0.495 0.786 0.513 10 0.785 8 0.780 9
Fo141 0.786 0.432 0.536 0.420 0.598 0.610 4 0.812 6 0.807 6
F6372 0.698  0.490 0.104 0.090 0.642 0.475 12 0.766 14 0.762 14
F6319 0.302 0.346 0.559 0.977 0.329 0.447 15 0.772 12 0.766 13
F6149 0.441 0.316  0.863 0.562  0.071 0.461 13 0.772 13 0.769 12
F6018 0.470 0.448 0.782 0.898 0.212 0.547 7 0.781 11 0.780 8
F6017 0.224 0.337 0.536 0.369 0.189 0.311 20 0.733 19 0.727 19
F6027 0.107  0.524  0.287  0.792  0.462 0.346 18 0.724 20 0.716 20
F6306 0.266 0.577 0.335 0.753 0.636 0.442 16 0.754 16 0.749 16
F6137 1.000 0.396 0.332 0.812  0.622 0.716 2 0.853 1 0.849 1
A60 0.621 0. 000 0.192 0.278 0.575 0.386 17 0.757 15 0.751 15
YT002 0.313  0.277 0.565  0.511 1. 000 0.448 14 0.750 17 0.744 17
FXIEL Average 0.484 0.776 0.771
A R R CY 0.299 0.057 0.059

®9 HERBASMEW DRCES D E.WDCE.CDRC B XK ERNE
Table 9  Correlation degree between the DRC value of all indices and D value, WDC value,

CDRC value and indices weightin tested sweet sorghum materials

eIk D {8 D value WDC {H WDC value CDRC {& CDRC value
Trait CHRE RERH HUF KHRE RERH HF B NERH HF
Correlation ~ Weight Rank Correlation ~ Weight Rank Correlation ~ Weight Rank
Bk Plant height 0.640 0.094 9 0.701 0.100 4 0.697 0.100 4
Z2H Stem diameter 0.639 0.094 10 0.671 0.096 8 0.669 0.096 8
FK: Spike length 0.663 0.097 8 0.598 0.085 10 0.599 0.086 10
FHZLH Spike stem diameter 0.689 0.101 5 0.656 0.094 9 0.659 0.094 9
A3 A %L Branohes number 0.679 0.099 6 0.745 0.106 3 0.741 0.106 3
FKI %L Grain number per plant 0.691 0.101 3 0.836 0.119 1 0.829 0.119 1
FTE Spike weight 0.679 0.099 7 0.671 0.096 7 0.670 0.096 7
BRI E Spike weight per plant 0.729 0.107 1 0.681 0.097 5 0.682 0.098 5
T-HIFE 1000-grain weight 0.729 0.101 2 0.757 0.108 2 0.758 0.108 2
P Yield 0.69 0.107 4 0.681 0.097 6 0.682 0.098 6
F 10 Hil#HSRMBRBIEMNIERI R
F417 . . . . . qe
F6137 ]—_'— Table 10  Classification of drought resistance evaluation indices
F438 in tested sweet sorghum materials
F6141
I;ggzz }jl PEIR Trait HLFE 53 Drought resistance levels
53123(: ?:'7 ¥k Plant height 0.745 0.879 0.861 0.861 0.079
F6036 ZEH Stem diameter 0.851 0.823 0.826 0.826 0.079
SNO05 T Spike length 0.736 0.793 0.717 0.717 0.091
Egﬁé FHZEHH Spike stem diameter  0.845 0.827 0.753 0.753 0.073
YTO003 43 Ki%% Branohes number 0.899 0.888 0.838 0.838 0.008
e BRI Grain number per plant  0.902 0.874 0.821 0.821 0.121
A60 FETE Spike weight 0.856 0.723 0.688 0.688 0.045
s }i] MR T Spike weight per plant 0.793 0.700 0.657 0.657 0.024
F6017 TR E 1000-grain weight ~ 0.881 0.796 0.792 0.792 0.080
P I i Yield 0.793 0.700 0.657 0.657 0.024
0 0l 032 035 o041 055 D& D value 0.721 0.559 0.460 0.342 0.228
T o w WDC {& WDC value 0.835 0.803 0.766 0.740 0.695
=7 1 < At
Bl 24 MERmFZNSERIFKE CDRC {1 CDRC value 0.830 0.799 0.761 0.732 0.687

Fig.1 Cluster tree diagram of 22 cultivars ( lines)

of sweet sorghum
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Table 11  Model prediction of drought resistance of sweet sorghum
. . FF R EL Correlation coefficient

B3RS Te ZICE A A )5 WERE P CDRC [ —ye oy
Dependent variable Multiple stepwise regression equation R? P value B
CDRC value  WDC value  Yield
D {8 D value y=-1.1487+0.3472x,+0.098x4 +0.6123x4 +0.3933x, 0.9999 0.0001 0.94* * 0.94** 0.79* *
WDC {8 WDC value y=0.0072+0.1018x,+0.1047x+0.1191x,+0. 1587 x4 0.9997 0.0001 1.00 0.82**
CDRC {& CDRC value y=0.027+0.1103x,+0.079x4+0.1014x,+0.1999x,—0.0976x,  0.9986 0.0001 0.82"*

VE oy — L ;v — RO vy — B vy — SLBROR T sy — TR,

Note: x,—spike culm diameter; xs—grain number per spike; x,—spike weight; xg—spike weight per plant; xy—grain weight of a thousand seeds.
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