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Identification and screening of turnip germplasm resources for drought

resistance

HE Miao, JIANG Yuanhao, ZHU Chaofan, WANG Yahai, WU Zhongxiang, ZHAO Jianxun, XUAN
Zhengying

(Xinjiang Production & Construction Corps Key Laboratory of Protected Agricultur/College of Horticulture and Forestry, Tarim Univer-
sity, Aral 843300, Xinjiang, China)

Abstract: In order to evaluate the drought resistance of turnip seedlings and screen the drought-resistant germplasm, 40
turnip germplasm resources were used as experimental materials, and the seedling potting test was set up with two treat-
ments of drought and normal watering to determine 19 drought-resistant evaluation indexes, such as morphological index-
es, chlorophyll content, drought index, mortality rate, and so on, and the drought-resistant evaluation and drought resis-
tance identification index screening were carried out on turnip seedlings using correlation analysis, principal component
analysis, and the affiliation function method. The results showed that drought stress reduced plant height, stem thickness,
leaf length and width, aboveground fresh mass and dry mass, chlorophyll content and other indexes of turnip, but had posi-
tive and negative effects on underground indexes. Fourty germplasm could be classified into 11 drought-sensitive variet-
ies, 5 drought-resistant varieties and 24 moderately drought-resistant varieties, among which the drought-resistant turnip
material was B9, and the drought-most sensitive material was B2, leaf length, leaf width, petiole length, main root length,
root volume, aboveground fresh mass, underground fresh mass, underground dry mass, root-crown ratio, and drought in-
dex were used as important indexes for the evaluation of drought resistance of turnip seedlings.

Key words: Turnip; Seedling drought tolerance; Identification and screening
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Table 1 Test resource and source

i TR K eit) G TR R K

Germplasm No. Source Type Germplasm No.  Source Type

Bl HT4E Xinjiang g B21 HIJEYT Heilongjiang & FUAD
Conventional variety Conventional variety

B2 B Xinjiang A B22 B8 Xinjiang A
Conventional variety Conventional variety

B3 7§ Henan R B23 88 Xinjiang R
Conventional variety Conventional variety

B4 THE Xinjiang A B24 BTHE Xinjiang gk
Conventional variety Conventional variety

B5 iR Xinjiang R B25 1L Liaoning A
Conventional variety Conventional variety

B6 B9 Xinjiang g B26 7]t Hebei Eips
Conventional variety Conventional variety

B7 % Anhui WA B27 T4k Hebei R
Conventional variety Conventional variety

B8 Jb 3T Beijing R B28 88 Xinjiang R
Conventional variety Conventional variety

B9 BriE Xinjiang R B29 BrEE Xinjiang Pk
Conventional variety Conventional variety

B10 I 4 Shandong 7 ALFP B30 T Gansu A
Conventional variety Conventional variety

Bl1 88 Xinjiang R B31 88 Xinjiang B R
Conventional variety Conventional variety

BI12 HEE Xinjiang A B32 HrEE Xinjiang A
Conventional variety Conventional variety

BI3 7 Henan i B33 8% Xinjiang I
Conventional variety Conventional variety

Bl4 i Jt Hebei R B34 HriE Xinjiang 77 A
Conventional variety Landrace

BI15 ]t Hebei TR B35 88 Xinjiang Hb 5 el
Conventional variety Landrace

Bl16 i B4 Henan R B36 798 Xinjiang Hb 5 el
Conventional variety Landrace

B17 HrEE Xinjiang R B37 H1EE Xinjiang o7 A
Conventional variety Landrace

BI8 e WA B38 Hi5H Xinjiang HuT5 e

Heilongjiang Conventional variety Landrace

B19 i Fujian g B39 HiEE Xinjiang Eips
Conventional variety Conventional variety

B20 71t Hebei R B40 B Xinjiang e
Conventional variety Conventional variety

x2 BRERESRINE
Table 2 Drought survey classification criteria

2493 FEAER

Level Drought symptom

0 FEAR IE S, 545 M 257 Plants normal, no leaf wilt

1 KA 1, TEHiBEM No more than 1 yellowing leaf, no dead leaves

2 FEFEM-ANER L 2 Fr, 0 IE % No more than 2 dead leaves, heart leaves are normal

3 FEFEM 3~4 F, 0 IEH Dead leaves 3-4, heart leaves are normal

4 AERI TR O TR 25, B FET All leaves are chlorotic and dry, and the heart leaves begin to wilt and tend to die

- 102 -



IR IEEF T

"K[oA1100dSaI “[OAS] [()() PUE [0AS] G()"() 18 QOUSIDIIIP JUBOYIUSIS JUasaIdal 4, PUE , 210N

SR INE AN 100 A S0°0 T L e e L

anfea J
#%00°LT— %xSLV1- %x98'8 #%709 ##E€CS 426V THE- #x0€°0- 0TS %xLS°0- LSS #x650- VE0 sxbLy €00 #xC8'C #x01'9  #xITL V6L L%k
0/,/UOTJRLIBA
Jo opmyrdury
£Y'eT 68°CY 8¥°S1 e £5°0¢ [L'8T ¥€7TCI- Sy'ce- 9T'CE LL'YE~ LETE 8TST-  €L'e- 9T 8L'EI- 9TI91 0S¥C ¥9'6¢  00°6€ BT
%
/IUSIOIFO0D
£V'ET 68°Ccr 086 60'9C 1¥'9¢ 8Y'LT 8¥'16 LE9S 88°0Y s L6'SE  TTLY S0°LT 8Y'LT 9T’te  S6'8C IS'1¢E ey 8T8¢E L S[qBLIBA
000 000 L8'L we 8T°6¢ 1€°TT TT8S £9°¢S 9L'8¢ 61°LS SL'TE  TO6OV °S'ST S191 61'LT  68°L1 SLI9IT 61°LE 9TIE MO IEHE
UuoneIAD
0091 81°0 00 €0 [AN0) ST0 0T0 00 0ro <o or zro 8G'81 98°ST 110 S6'Cl ov'6l €0’ ILT L prepuel§
000 000 00 £9°0 §T0 670 LOO 00 S1°0 €10 I’ 600 06'LT €161 600 66 S9¢tl S 8LE e Y
00'89 (3 40) 00 43! 8 40) 160 TTO0 ¥0°0 ¥T0 ¥T0 18C  ¥T0 0L'89 11'¥6 430 YLvY 85719 6£CT  60L L RO
000 000 ¥T0 10'C €90 o€l TI'o ¥0°0 8¢°0 o €y €70 9I'oL S8l €€0 £€Ces TSI8 LTy 01'cl D Hkr
00'9¢ <o cro SLO €C0 6¥'0 200 100 00 €00 890 800 96'CC €8S L00 €I 9¢ 80 T8l L RN
000 000 61°0 Il 43\ 8L°0 700 100 80°0 €00 PPl 800 ce0r 10708 0ro LY'€C ¥I'LY 9T1  £SY ) N2
0096 98°0 ¥T0 9¢'C 18°0 891 L9'1 91’0 87°0 L0 s 9L0 6586 8ETKI €90 8S'SL 9T°€01 609  OL'LI L eI
000 000 €0 £6'¢ 9¢'1 L6 LEO 1o 8L°0 8L°0 89'L  SS0 8666 0L'8SI 650 YL'L8 6€°EC] v€6 086l D "
3.3 3.3 3.3 3 3
qe R i i 3/ssewr K1p /S5Ot 3/ssewr
% /JUQJUOD  /JUQJUOD  /JURJUOD onjer /ssewr A1p ysayy o ww i i ww W w wo
Na  nAyd punox [So1j punol juow

/are1 om0 l1Aydoux quAyd  eqdyd umord  punoid Sor0 punoid Sor0 /ounjoA  PIUI]  PSU] /SSAUNOIY}  /YIPIM /ISUS] /SSAUNDIY} AYSIoY vor Xopuj
AyITelIon MM QE:M -O[yo [BI0],  -0IO[YyD)  -0IO[yD) 100y  -Idpup) Wpﬂu -I3pun) mnﬂu 100y 19pI00Y  d[ondg Jeoy  Jeap  Jeo wols  jue[d WZM Sy HE

s WWJ:_ (E¥E (93 (X PR FYl %%ﬁ Y E%ﬁ g SR S o M S Hs B

R L L A L w7

d3e)s Suipaas diuan) Jo sxopur Jo SISA[eue DUIRPIJ € dqeL

W HZUYBEFHEH 23

€%

- 103 -



I D& = 50 ih JE #37%

34.33%16.67% ; HRAARFR s N &5 57 B AR & B s oxot o 3
HE 180, 14 I mE 2 43 590N 4.35%+9.09%F1 83.33%; @ §
SRR BT B AE T AL B TR 4 fEe 22 2 2
WA 0.43 F1 68.00%. T FHHE T 19 M EIRIIK 3‘5@1 = ) m
AR, BT A5 bR T BRI 65 ¥ OE,
FIH A L t38f |gt % 5
BET 38 |°° 3 d
L2 S B R L 19 A H6 4 975 5 2 40 B 3 0~ " - D
58.22%, F- 18 29.17% : f£ T FE ppid b ¥ v, 19 4> tE
Fe AR I A8 S 2R B0 B 9.80%~91.48% , “F 3 N Lﬂﬁgg e = e g
37.35% , S B HEFE 11 40 £ 35 35 B0 26T Ly AL
R %R L. R SPSS s REA £ K €3
o b 824150 2 ) AR AT BT, 6 ®EZ o .
BRED ML 2 14 M ¢ Ko 52 S (Y =82 |5 a4 =
INT 0,01, KX E AR 4707 1Y 525 5 52 , BT HEEEA LT
SR 5 R AN 52 I
22 TEME TSRS TSR Elr w5
% 4 0T DL I & 16 R R R A R k2 dlzEZEEE 0 &
S, AR R R R RO, o 80.55%, CEL s i
TR E ab §iT AR AR N 10.69%: Zilieizilzy 2 s
FARK A R B R REO 19.04%  F A &5 I S A
B S A 5 R A 20.00%, mEl E
W 3. 4 TTBLT th F R b 25 EElimtgglnz 2 7
T LR LR s @ E| g
Fa AR OPEED ARG ESR K 0 BE|fuiFlez = s
b i 2B A 5 A T I (B B A SEEE R F I
51.07%~96.35% , Fotp - FT - 55 30 5 2280 K R iE " %ﬂ =S 2
RER MR afb $15 AT WM FE b 1 RZ| 222 85 % %
TR KR AR M BT TR R R L 2l ws
B K07 SR A 5 TR S, TR HIE R
81.00%~97.91% , H HH AR et bbb 7 s 3 e K, AR : ;a C: # - -
K L THIERER . | 22% Bz = =
B 0 LG % JE b R R S R =1 I A
B L 25 2 4 45 22 R B L T 17 A A
R H 5 U £d5 7 ¢ 3
23 FEMBTEEMESSE LIRS RRE rgg 23 & 7
HBSE S - s
L 1T LU B O 10 AN AR T R M t3f 58 &
K2 MR 5 M A 6 2 I N
B K M L B B SR B TE A =52 (23§ &
S B A B B R S A 2 O -
TR, 5L 55 3 A 5 A0 5 25 T A A L 222 |82 £ &
R B R B S AR 2 TR AR, T T
Ml 998 R 5 R T R R L AT S Lsw,umil
S MR T R S H R 2 TEAR S 1 e5 |2435EE2E3:
£2 |mESEHNIIRES

<104 -




X ISR 5T

™ e A T - = Ve e
EiRg ] fp A JEE AR B ST R E R S R
1.00
PR # Plant height ‘
Z5HH Stem thickness .
0.80
K Leaf length , . ’ ‘ *
9 Leaf width 0.78 / ‘ *
- ! 0.60
I J& Leaf thickness ). 40/-0. 43 ' ‘ ‘ .
R K Petiole length 0.68 0.89 ‘ 0.40
F 4K Rootlet length |- 0.48-0.65 0.52 0. 62 \ ‘ ‘ ‘ ‘
AR Root volume 0. 48 -0. 64 , ’ - 020
Hb FEF7Fi H Aboveground fresh mass 0.43
Hi FEE  Underground fresh mass 0. 41 0.50 0.83 ’ , = 0.00
b it Aboveground dry mass
iR i it Underground dry mass 0.57 -0.58 0.73 0.84 , ‘ — -0.20
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Fig. 1 Correlation analysis of drought tolerance coefficient of turnip seedling indexs
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Table 5 Principal component analysis of drought tolerance coefficient of turnip seedling indicators

847 Index PCI PC2 PC3 PC4 PC5 PC6 PC7
Pk Plant height 0.196 0.006 -0.255 0.075 0.400 0.426 0.258
254 Stem thickness 0.105 -0.056 0.191 -0.240 0.201 -0.640 -0.044
K Leaf length 0.226 0.355 -0.076 -0.227 0.010 -0.143 -0.115
%5 Leaf width 0.282 0.355 -0.046 -0.056 0.059 0.099 -0.171
IHJ5 Leaf thickness -0.261 0.145 -0.169 0.346 -0.098 0.154 0.182
1475 K Petiole length 0.238 0.311 -0.086 -0.211 -0.031 0.285 -0.200
FAHR K Rootlet length -0.343 -0.059 -0.116 0.127 -0.020 -0.189 0.139
HAA&AN Root volume 0.279 -0.191 0.339 0.104 -0.111 0.084 0.075
b _F#% )57 & Aboveground fresh mass 0.234 0.105 0.012 -0.078 0.421 -0.169 0.317
Hb R #J7 f Underground fresh mass 0.295 -0.163 0.266 0.233 -0.151 0.072 0.194
Hh_E T 5 5§ Aboveground dry mass 0.074 0.040 0.030 -0.429 -0.396 0.045 0.671
Hi R )5 & Underground dry mass 0.339 -0.186 0.168 0.112 -0.110 0.036 0.112
& . Root-crown ratio 0.298 -0.183 0.121 0.346 0.125 0.006 -0.219
42 a & & Chlorophyll a content -0.111 0.340 0.335 -0.016 0.135 0.088 0.070
M4 2 b & & Chlorophyll b content -0.162 0.269 0.391 0.252 0.113 -0.045 0.114
S -43 2 % & Total chlorophyll content -0.166 0.360 0.389 0.146 0.116 0.028 0.126
IH4E 2 a/b Chlorophyll a/b 0.087 0.276 0.089 0.097 -0.563 -0.028 -0.226
F B840 DRI 0.174 0.247 -0.319 0.337 -0.010 -0.229 0.204
SET 2 Mortality rate -0.212 -0.159 0.292 -0.326 0.161 0.362 -0.127
HEEE Eigenvalues 5.760 3.348 2.010 1.729 1.305 1.158 0.940
BTk Contribution rate/% 30.317 17.623 10.577 9.099 6.866 6.095 4.949
FTTIRA 30.317 47.940 58.517 67.616 74.482 80.578 85.526

Cumulative contribution rate/%
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Table 6 Comprehensive evaluation of drought tolerance of turnip seedlings

ETRc] F 4351 FA357 F 1351 F 357 F 453 FA35r F 4357 D& Tl D 18
No. F\ score F score Fi score Fiscore F5 score Fjs score F; score D-value  Predicted D-value
Bl 0.000 0.000 0.520 0.443 0.885 0.349 0.838 0.256 0.261
B2 0.040 0.070 0.600 0.496 0.241 0.322 0.452 0.224 0.231
B3 0.332 0.668 0.873 0.402 0.590 0.855 0.397 0.537 0.493
B4 0.404 0.449 0.618 0.301 0.410 0.666 0.000 0.424 0.456
B5 0.348 0.684 0.689 0.053 0.642 0.835 0.700 0.506 0.484
B6 0.562 0.591 0.892 0.489 0.373 1.000 0.241 0.598 0.506
B7 0.539 0.651 0.847 0.182 0.553 0.571 0.359 0.555 0.562
B8 0.312 0.773 0.671 0.498 0.288 0.400 0.317 0.475 0.455
B9 1.000 0.325 0.638 1.000 0.458 0.571 0.744 0.726 0.693
B10 0.617 0.522 0.946 0.390 0.409 0.395 0.358 0.566 0.576
B1l1 0.695 0.402 0.335 0.243 0.441 0.627 0.345 0.496 0.541
BI2 0.667 0.568 1.000 0.584 0.507 0.552 0.511 0.648 0.636
BI3 0.369 0.687 0.121 0.638 0.542 0.980 0.700 0.509 0.528
B14 0.795 0.411 0.512 0.566 0.766 0.387 0.326 0.597 0.649
BI15 0.569 0.434 0.601 0.100 0.566 0.482 0.237 0.469 0.530
B16 0.542 0.549 0.482 0.023 0.633 0.649 0.318 0.482 0.472
B17 0.699 0.396 0.174 0.101 0.519 0.422 0.447 0.459 0.522
BI18 0.661 0.559 0.915 0.332 1.000 0.590 0.450 0.646 0.618
B19 0.672 0.632 0.678 0.278 0.538 0.466 0.446 0.584 0.564
B20 0.583 0.567 0.464 0.133 0.639 0.405 0.511 0.505 0.515
B21 0.621 0.606 0.346 0.232 0.790 0.837 0.486 0.563 0.572
B22 0.418 0.773 0.468 0.282 0.472 0.406 0.531 0.493 0.524
B23 0.490 0.807 0.301 0.353 0.381 0.590 0.444 0.512 0.525
B24 0.421 0.832 0.523 0.314 0.749 0.435 0.643 0.547 0.573
B25 0.589 0.891 0.696 0.314 0.710 0.437 0.726 0.642 0.614
B26 0.477 0.906 0.540 0.400 0.673 0.385 0.433 0.571 0.550
B27 0.651 0.790 0.671 0.391 0.772 0.302 0.579 0.635 0.596
B28 0.572 0.665 0.000 0.615 0.594 0.538 0.261 0.505 0.520
B29 0.424 0.840 0.508 0.479 0.418 0.545 0.310 0.527 0.504
B30 0.508 0.642 0.398 0.368 0.496 0.608 0.429 0.509 0.548
B31 0.418 0.858 0.539 0.431 0.861 0.803 0.608 0.598 0.528
B32 0.404 0.946 0.565 0.455 0.580 0.804 0.422 0.584 0.511
B33 0.649 0.573 0.135 0.254 0.477 0.863 0.550 0.523 0.562
B34 0.443 1.000 0.581 0.455 0.617 0.000 0.430 0.557 0.530
B35 0.450 0.843 0.214 0.490 0.362 0.493 0.511 0.505 0.508
B36 0.434 0.925 0.408 0.391 0.232 0418 0.669 0.523 0.543
B37 0.401 0.950 0.776 0.455 0.557 0.423 0.290 0.573 0.548
B38 0.682 0.523 0.195 0.328 0.681 0.243 0.302 0.498 0.556
B39 0.552 0.689 0.366 0.325 0.571 0.178 0.397 0.499 0.530
B40 0.767 0.609 0.766 0.000 0.000 0.476 1.000 0.584 0.585
B 0.354 0.206 0.124 0.106 0.080 0.071 0.058
Weight
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