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The Seedling Growth and Root Physiological Traits of

Fagopyrum tataricum Cultivars under Drought Stress

LU Zhijuan' . ZHANG Yongqing"?* »ZHANG Chu'
(1 School of Life Science, Shanxi Normal University, Linfen, Shanxi 041004, China; 2 College of Urban and Environment

Sciences, Shanxi Normal University, Linfen, Shanxi 041004, China)

Abstract: In order to study the effects of physiological, morphological indexes and the physiological mecha-
nism on drought stress for Fagopyrum tataricum cultivars, we took the pot experiment of artificial water
control and three water treatments included normal irrigation, moderate water stress, and heavy water
stress. The experimental materials included ‘Diqging”’, ‘Xinong9909”’, ‘Heifengl’ and ‘Xiqgiaol’. Three
results were drawn from this experiment. (1) Compared to the normal water treatment, the main root

length of ‘Diging” and ‘Xinong9909” increased under the heavy water stress; The plant height, stem di-
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ameter, leaf area, shoot dry weight, root dry weight, root volume, root area of ‘Heifengl’ and ‘Xiqiaol’
decreased, and the decrease of drought tolerant cultivars were less than those of non-drought tolerant culti-
vars. Besides, the drought stress made root/shoot ratio increased of ‘Diqging’ and declined of other culti-
vars. (2) Drought stress could make chlorophyll content, leaf relative water content, F,,, F,/F, s root ac-
tivity and soluble protein content significantly decreased, but superoxide dismutase (SOD) activity, perox-
idase (POD) activity, malonaldehyde (MDA) content, soluble sugar content and free proline content in-
creased. Also, there were differences of up or down for different varieties. (3) Subordination function
method and principal component analysis were used to synthetically evaluate the drought resistance of dif-
ferent F. tataricum genotypes. We found out that the resistance ranking (‘Diqing”’ > ‘Xinong9909’ >
‘Heifengl’>> ‘Xiqiaol’). The results of correlation analysis showed that plant height, root dry weight,
dismutase (SOD) activity, soluble protein content were significantly correlated with D value and the pro-
line content and soluble sugar content were very significantly correlated with D value. The study has
shown that ‘Diqing’ and ‘Xinong9909” had the best performance for the indexes of various aspects under
two kinds of drought conditions, thus we could conclude that these cultivars had better adaptability under
drought environment. ‘Heifengl’ and ‘Xiqiaol” had the poor performance, which showed low drought re-
sistance. At the same time, plant height, root dry weight, dismutase (SOD) activity, soluble protein con-
tent, proline content and soluble sugar content can be used as indicators for the rapid determination of
drought resistance.

Key words: Fagopyrum tataricum ; seedling stage; drought stress; morphological characteristics; physio-
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Table 1 The shoot growth of F. tataricum at seedling stage under water stress
i TR Aab 3 = E-Yi it T AR E-L i
Cultivar Drought treatment Plant height/cm Stem diameter/mm Leaf area/mm? Shoot dry weight/g

CK 23.9740.56aA 2.824+0. 14aA 1308. 74+2. 91aA 0.40640.008aA
BI:S(% MS 21.6840. 77bA 2.54+0.13bA 1002. 234+ 14. 71bA 0.27140. 008bA
SS 17.86+0. 06cA 2.34+0.08bA 857.0944. 73cA 0.25940. 006bA
CK 20.98+0. 33aB 2.65+0.12aA 1145.38+7.89aB 0.259+0.013aB
%ﬁqzzg(’ MS 19. 15-£0. 46bB 2.3540. 04bB 913.8245. 15bB 0.1810. 01bB
SS 15.90+0. 84cB 2.20%+0.02cB 758.36+4,02cB 0.15940.003cB
CK 15.93+0. 49aC 2.06-+£0.08aB 629. 354 4. 54aD 0.21140.010aC
ﬁlel% MS 13.32+0. 64bC 1. 6840. 05bC 410.55+7.62bD 0.138%0.008bC
SS 10. 30+0. 68cC 1.6240. 06bC 316. 9444, 25¢D 0.12440.004bD
CK 16.2840. 54aC 2.04+0.02aB 694. 1446. 54aC 0.23640.001aB
I:TE?I;FIIF‘; MS 13.437+0.51bC 1.63%+0.09bC 453.93+9. 94bC 0.149+0.005bC
SS 10. 70£0. 82cC 1.5940. 05bC 353.934+9.94cC 0.13640.004cC

7 CK. X BE s MS, w3t
0. 05k &K F-(P<<0.05), FH

Notes:

3SS.

letters in the same column indicate significant difference among different cultivars or treatments at 0. 05 level.

305 2 B N T 3 0 = A o R 5 [ 90 B0 U A TR

CK. Normal irrigation; MS. Moderate water stress; SS. Heavy water stress.

VNG RE G 5 TR i Bl i) B Ak B W) 22 S 0

Values are mean + SE. Different capital or normal

The same as below

2 AoBEXNEFEHARRESHEIRNI MG
Table 2 Effect of water stress on the development of root morphological indicators of F. tataricum at seedling stage
i il b 3 FREK R AR LEESIEA WETH 5
Cultivar Treatment Main root length/cm Root volume/cm? Root area/mm? Root dry weight/g Root-shoot ratio
CK 23.4140. 90bA 5.68+0.05aA 4793.15+63. 86aA 0.08140.0011aA 0.19840.001cB
ng MS 20.347£0. 63cA 4.507+0.40bA 4298. 43+78. 12bA 0.057=40. 001bA 0.21040.003bB
SS 25.7940. 69aA 3.7240. 04cA 3242. 55449, 03cA 0.05540. 0013bA 0.22540.002aA
CK 17.08+0. 62bB 3.3940.03aB 3676.14+86. 24aB 0.05840.0021aB 0.24540.009aA
%ﬁggz‘gg MS 14. 310, 45¢C 2.4440. 04bB 3309.48431.13bB  0.04420.0069bB  0.23940. 025aA
SS 19.51+0. 69aB 2.05%0.06cB 2417.53441.81cB 0.03640.0061bB 0.22340.037aA
CK 16.89+0. 35aB 1.90+0. 03aD 2415, 75420. 45aD 0.02940.0004aD 0.13640.008aC
E%Qll% MS 13.16+0. 86bC 0.85%+0.06bD 1411. 83+27. 63bC 0.01840.0004bC 0.13040.007aC
SS 11.84+0.71bC 0. 65740, 05cD 971.03+17. 61cD 0.01640.0004cC 0.12640.003aB
CK 18.38+1.05aB 2.3840.02aC 2552. 36470, 56aC 0.03240. 0004aC 0.12940.006aC
‘:I-U—?_IEFll% MS 15. 03=£0. 99bBC 1. 6440.08bC 1667. 14288. 31bC 0.01940.0022bC 0.12740.012aC
SS 13.78+0. 87bC 1.1040.09cC 1186.93+47. 56cC 0.01740.0005cC 0.12240.007aB
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Table 3 Effect of water stress on chlorophyll content, leaf relative water content and fluorescence parameters of

F. tataricum at seedling stage

i A Ak 2 Elhﬁiiﬁi ufﬁ*ﬁﬂﬁ?ﬁﬁ 26 Z # Fluorescence parameter
Cultivar Treatment : (/)rophyll . Leaf relatlveu
content/(mg + g~!)  water content/ % F, F. F./Fn
CK 1.8640. 11aA 0.99+0.02aA 450.67411.85bB 2 950.00+84.60aA  0.96=0.005aA
@%g% MS 1.6540. 10bA 0.93%0.05aA 182.67424.55bB 2 567.34+35.45bA  0.85%0.029bA
SS 1. 4040. 07cA 0.78+0. 03bA 590.67+16.63aB 2 051.00+15.53cA  0.7040. 004cA
CK 1.8140. 06aA 0.97+0.03aA 469.00+33. 87bAB 3 026.674101. 30aA 0. 970.007aA
Eg\?gz%%[’ MS 1.60£0. 07bA 0.91=£0. 02bA 198.67£6.66bB 2 646.00230. 42bA  0.86-£0. 049bA
SS 1. 3540. 06cA 0.74+0.03cB 603.00E8.55aAB 2 031.67+125.23cA  0.7140.006cA
CK 1.04+0.08aB 0.7540.03aC 509. 00434, 78cA 2 483.00423. 82aB 0.734+0.004aB
@lel% MS 0.6740.04bB 0.61+0. 04bB 566.347.03bA 2 099.34+63.11bB  0.63740.009bB
SS 0.5240.04cB 0.53%+0.01cD 642.34+34.01aA  1587.67+81.59cB 0.514+0.010cB
CK 0.96+0. 03aB 0.83+0.01aB 500. 67410, 07cAB 2 473.67+74. 45aB 0.75+0.009aC
%?{}11 £ MS 0.60+0.05bB 0.67+0. 04bB 563.00437.65bA 2 073.67+54.64bB  0.62+0.006bB
SS 0.4740.04cB 0.5940. 05cC 619.34=13.43aAB 1 610.304160.02cB  0.5040. 009¢B
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Table 4 Effect of water stress on root activity, SOD activity, POD activity and MDA content of

F. tataricum at seedling stage

B b B WERIE T o 4 A0 ) I AL il Ik 4L Ak W) Tl O N
C ”’ft. ; Treat " ¢ Root activity SOD activity POD activity MDA content
uttivar reatmen /(mge+g ) /(Usg 1) /(U ge+min 1) /(nmol « g~ 1)
CK 0.61£0. 04aA 233.86+13.71cA 29.3741.89bB 14.08+0. 29cA
@Hggﬁ MS 0.52%+0.05bA 335.06+11. 93bA 32.11%1.87bB 15.88+0. 37bA
SS 0.43+0.05cA 508. 42441, 10aA 40.3942.41aB 17.0140. 45aA
CK 0.61+0.10aA 106. 34=46. 46cC 35.3941. 76bA 14.16+0. 68bA
P42 9909 MS 0.5320. 05bA 177. 81414, 44bC 38.5242. 09bA 15.9040. 56aA
XN9909
SS 0.43+0.10cA 247.30423. 76aC 48.5546. 22aA 16.9540. 74aA
CK 0.45+0.02aB 112.56+10. 16bC 22.524+1.09bC 5.1840.46cB
j’_l‘
Elel 7 MS 0.38+0.04bB 142.93421. 74fabD 24.26=+1. 35abC 6.27+0.69bB
SS 0.28+0.03cB 183. 16443, 63aC 24.9440. 73aC 8.09+0.12aB
CK 0.48+0.01aB 202.74+18. 42bB 24.87=+1. 68aC 5.3540. 65bB
BE1E MS 41+ 2bB 2 +2 2aB 2 5+1.59aC 56+ bB
HE1 0.41=20.02b 74.28=+21.12a 6.35+1.59aC 6.5640. 87
SS 0.32%+0.020cB 319.97+31. 30aB 27.797%2. 34aC 8.30+£0.97aB
x5 TEPEXNARAEFHER. TAEENATAEEASENEN
Table 5 Effect of water stress on soluble sugar content, soluble protein content and proline content of
F. tataricum at seedling stage
A g AR A AR D SR Ui 85 I 20 R 1
[ Soluble sugar content Soluble protein content Free proline content
Cultivar Treatment - , 1 y 1
/(mg g 1) /(mg g 1) /(pg g™ D
CK 1.2840. 06cA 6.4740. 28aA 31.58+0. 60cA
ﬁ))ﬁg% MS 2,000, 08bA 5.940. 59abA 46. 230, 17bA
SS 2.27%0.06aA 5.22%0.05bA 68.99+0.47aA
CK 1.1440. 03cA 6.4940. 81aA 29.7440.91cB
PR 9909 ‘ L
XN9909 MS 1.8140.02cB 5.68+0. 26abA 46.8940. 40bC
SS 2.18%+0. 10aA 5.17%0.42cA 66.08=+0. 40aB
CK 1.14=+0. 06cB 4,78+0.37aB 14.99+0.09cD
o
ﬁX%Qlﬁ MS 1. 3540, 07bC 4,040, 37bB 18. 7440, 48bC
SS 1.4740.05aB 3.52+0.05bB 23.2140.78aC
CK 1.0240.07bC 4.63+0.13aB 21.994£0. 88cC
el =}
!21:1“117 MS 1.16+0. 05aD 3.7640. 82bcB 28.0340.74bB
SS 1.254+0.05aC 3.35+0.15cB 35.89£0. 80aD




118 odt O % il 38 &

6 ZEFENEFHNESERENEDERESTEN
Table 6 Principle component values and comprehensive
indexs of low-N tolerance of different

F. tataricum cultivars

cfmar Fl F2 Dszﬁliue seﬁiiw
il R FF DQ 4.068 —0.476 2. 955 1
Pi4c 9909 XN9909 2,584 2. 966 2.678 2
PiFE 15 XQl —3.571  —0.070 —2.713 4
M1 2 HF1 —3.114 0. 047 —2. 340 3

WE W, 0.755 0.245

24 BEFSBWHNEEENRENEDE.EEF
mRESHEXH

HPTRELZEATEMR AR (D). (2).(3) . (4) . (5)
A5 3R 6 A OCHE bR (B, b <l PR SR I ZE G F
P (D ) B i T 5 B8 7 fcim . Hoe b R el o 3
SR K P4 99097, MR TS CFEFH 157,
X5 R A S Rl o6 AR K AR B AR AL FE AR 1 I 1S
o N

FA B 21 AR — R bR 5 R AN E
(D AED AR M (R 7 R W, 35 55 1 Wbk i LR
HTEUKMRR SODEHMEAR SES D HE
WEEMEAMAMEAR T EMTAEEESES D
B 2R 3 ARG . BETIX 6 A48 A5 X5 55 A
Wb SV BE 7 55 10 2 38 B R U O IR T I B
SR R TR b oRT AT o ) bR R b
E TAERE L.

3w

3.1 AEEMEEF L E X T 2 e i 7S 0 R
KA K B R W) IR R A KA E
f 6 B . HIT IO R WL K 2 T 38 23 52 e e
ASARR 5 e B I B A R 2 1 R A A 0 A
FEH R F W], T R WA X 3R ) 1
R W) 1) 8 K X AR R s L O ELAE — € R b
5 e ATl R AR R B LT SR AR A A Y
RO HEAE — R TR B LA BT T i 32 o SR A 4R AR X
5 3 B — Fof o S5 AIL ) 5 A RS S A R X
5 TR PR WIS AT A R 22 S T 5 B A2
AR MR AL/ b R AR 2 R T 5 R
T T I FA o 5 AR 1 B
TERPBETEMRAEEEES K EENZ
ARG B AR R R 25 A W K G B W 1Y 2 i
P o ABETERE I L 5B SR A T R R AR
KAT RN HE o 3 PR A U SR ER T T 5

7 EFHEE—ENEEESTNEDE)NEXRY
Table 7 Correlation coefficients between 21 single
indicators and comprehensive value(D) of

F. tataricum at seedling stage

fi b5 (Trjrif:ﬁ%n P f
Indicator T P-value
coefficient

¥k Plant height 0.985* 0. 150
258 Stem diameter 0.821 0.179
M1 AR Leaf area 0.913 0. 087
F MK Main root length 0.667 0.333
AL Root volume 0. 666 0.334
ME M Root area 0. 685 0.315
220+ Shoot dry weight 0. 981 0.019
M & T Root dry weight 0.791~ 0.209
M 5E . Root-shoot ratio 0.716 0. 284
MR # XS F K B Leaf relative water 0. 900 0. 100
M4 % & f Chlorophyll content 0.696 0.304
BRI Fo 0. 651 0.349
W RIEOE Fu 0.765 0.235
BRI ERRE Fo/Fu 0.728 0.272
4 AL W AL BT TR SOD activity 0.957" 0.043
o E AL W G A POD activity 0. 890 0.110
M &1 71 Root activity 0. 847 0.153
N 5 MDA content 0.941 0. 059
5 25 il 2 2 & # Free proline content 0.999* * 0.001
n % 85 H & & Soluble protein content 0.957* 0.043
Al %5 P & 4 Soluble sugar content 0.994* % 0.006

TE A0 A3 R IR A G I #] 0,05 F1 0. 01 23K F

Note: * and* * indicate significant correlation at 0. 05 and 0. 01

level, respectively
HECbR I 3ot 90 R 2 5 0 T LR 3R UK 43
Felp X GO G R LR A R AE MR £ R S0
BFoCLs AL, BLSh . A i 52 7 PR R (AL
VRR 25 7 T RV 447 % T 52 5 B 0 L 2 (6 F 7R
LR o T 5 T B B o 4
S8 (AR R 25 K I Bk FR
3.2 REGEME RS T RHE 1 & 2 0
I B 88 T BB JE 52 A BA A 4
BRI R AR RS
i 53 7 il 7 I 2 2 B AR K R
F, B F./F, 46T 50 F 0 0 /0 F R it 5
Bl ELIL P, A Tt 6 . i 5 kBl 1 F R 8 o
w25 2 A T DR BB RCR M Be s . PSTT R
7 T S R BN 3 A i R 3 e
B, JOU MR R AR BIE R 0 T
TR R0 7 L AT v PR R 1 O B T MR R
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il B 400 A ORI 2% A BURRAIE A9 52 1 119

SOD 1 POD 3% P4 Fz MDA | 0] v PR K Ui 25 I 42
7l T = E I N I 7 e G DG i ey ) BN
Wi o A7 A6 B B 22 5. fE T 5 a0 R BE b it S
AR 7 SOD,POD {ifi 14 5 i %5 K . Al % 48 R B Hb
i B s IR T O A HL O, E X AR b 18 R 04 3t
AT R AT A0 M RS2 O R B I SR e s (W),
S22 ATV P M 0 I TR A5 A LA IO e 1
WK A KR 2 = AR R 1B B A RE T BRI
BRI BN EZ R T EER . vl AL, T 5
T T T S R R ORI 4 R 0 B0 W] PRI
WA oy s 22 0 R A ok AR/ T BT R I MDA
L AT L i N TSR L k2 L b )
BEAE AL 2 — 5 T 5 5 A R R A A
AR AR FR G ) SR A A AR T A TR
W R BB T .
3.3 AEAMBUHEEFHNES
P

TEYI I BRI th 22 3L 2 AL 3L R AR
R g A MR, R R AE W P L AE A R 2=
ST FH B — 8 A AR E 4 T LA Y b S R % R Y
iiif PR SR 55 L BT LA FH 2 A F8 bR 2 25 A TR VR Y it
B R AR AR50 SRR oK A A
FEA B A TR AR BT 5 R AL (xo) 555 HAE S IE
FE X AR RN B By NPAN SO = s S5 Bl o5 a2 o
BRI A A PR (D ) B S
A A SR HEAT T R HET . (xRS E R BOE b
FRS BT F 8 B HAE S B 5P 0 2 48 b fE 6% TH
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