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Effects of Different Drought Tolerant Soybean Roots on Photosynthesis of Leaves
Based on Grafting Technology

LI Sheng-you, SUN Xu-gang, WANG Chang-ling, CAO Yong-qiang

(Institute of Crop Research, Liaoning Academy of Agricultural Sciences, Shenyang 100161, China)

Abstract: In order to determine the physiological characteristics of different drought-tolerant types of roots and their effects on
photosynthetic traits of leaves, so as to provide theoretical basis for soybean root improvement and drought-resistant breeding,
this study used drought-sensitive cultivar Liaodou 21 as scion to graft with 22 cultivars rootstocks to evaluate the contribution of
roots to drought resistance of 22 soybean cultivars released in Liaoning province. Well-watered (80% field water holding
capacity) and drought stress (50% field water holding capacity ) were conducted during podding stage in pot-culture
experiments. Root physiological traits were determined at 15 d after drought stress, and the drought resistance membership
function values of each grafted plant were calculated according to the yield traits at maturity. The results showed that the
drought resistance membership function values of different grafis varied from 0.23 to 0. 84, and 22 genotypes of rootstocks
were divided into 6 drought-sensitive types, 10 intermediate types and 6 drought-resistant types by cluster analysis. There was
no significant difference in root bleeding sap mass and root activity among rootstocks under well-watered conditions, but under
drought stress, the results showed that, drought-resistant type > intermediate type > drought-sensitive type. Under drought
stress, the plants grafted onto drought-sensitive rootstocks showed larger decreases in the relative water content, photosynthetic
rate, stomatal conductance and transpiration rate, while these grafted onto drought-resistant rootstocks remained relatively high
relative water content, photosynthetic rate, stomatal conductance and transpiration rate. Therefore, the drought-tolerant root
system has strong physiological activity under drought, which could improve the drought resistance of soybean plants.
Keywords: Soybean; Grafting; Root; Drought resistance; Photosynthetic capacity

KTV T [, 754 [ 4 2 G R,
FEHORE WEMEY 2 —. T RH5R RUK %I H 25
B/ 2 MR ) DK 7 7 A T R 4 K S B ER B
P AR R e R, TR R
P B A 24% ~50% P . L, R AR PTR K
TR BRI X T A A ROR R 2 —

I RIS 2 16 R S0 7 R 5 5 45 R T T
TR T REBIE TAE, X rE B 5 BB F ARk

%5 H #A:2020-03-08

SR P RETR AN A3 A FAR X AR AR
PEIR PRI MIAR RS 201 AR R W, 3l T
F e 2 BR ) b AR A B 2R A, (B AT DL A
AR ZR A A R AE TS 22 ) 7K o3, AR 5 R 7K 23
AR, T I R 5 80K & 8 A K IR
R KRR AR 1 R BRI P A K B
IR B T ARRIR 22 1) AR, R A R T B AR R
87K W, DA T B2 v 418 28 7 ) 40 1 52 i 1) e

EETA : E &K E s &1 (2017YFD0101304-2,2016 YFDO100201-01) ;3 7744 {114 5 Bl B 4 (2019-BS-134 ) 5 b [ 11 [ Rl 24 K 4
I BE W3 H (2017M621157) 510 744 e 5 | S dth 5 BHE & e % 551 (2019TH6,/10400001 )

E—EEEN

ZEA (1987-) 55 {4 By Y 1, E NS R E 084 BT . E-mail ; shengyoulil987@ 126. com,

BIEE: FER(1981-) 5 A1, @lEFsE 61, FE AT R G HEEE Y. E-mail :bp672155@ gmail. com;
WK (1977-) , 5 W4, 0P8 5, EEMNFER G EM ST AEFEVIS . E-mail : yonggiangcao@ hotmail. com,



752 K & R 5 4

JUEET BRI, TR E AR RN B AT, K A
PRYCSAPE A2 AR 2R W 7K BE A7 (0 52 0, 38 3% ML= 3
MR 6 A A B 95 5 R TR B A S P Y 5
W R b PR 2 A T, YR A AR 2R X
RIRRBL S 1R 1 52 i, 4 F K B0 52 b R % R A 42
38 5 S

CATIF5E E A IS s MR AR R
WG IR RS LA SRR e R R
INEREE R AR AT PR o SR AR AT — A
RfL— a4 B A DR X LA O T 4 T ML R R R R
TR B MR 2 X M b AR K A AR A B, T Gk
LRI IR AR o ARBE T A
ARBIEAHRI -5 AR R AR — A A T
PRYERFSE , T LUHE R H b 5 Y 25 S5 BT 368 9 T
P, 38 3 X A | BARROR B, TR R R B R Y
LIS TR 2 360 R BT S P 9 ST Rk BE F7, G
TR R VAT LRI, AT b 00 T AL A5 AR 1k 20
AL E (B T & o = Nl A SRR Ak Y =
PR MR A R TB | BRI HOR To 1 R 5L
P P e AR 2R (B A SRy — R 5 T B T i 5
TR TR R Tk 5 % A AR AT
FErf AR T 5 A HE T R R A i iR A g
WL 21 AE TR s A AR SR LT
221 R R R EERR, 430 S 22 A AR RS R ST
B M T R AR R A TR R, B S D i
HRR 2R 1 A SRR AR R G b b B e A B
AN NIDSPNCR - E T A% ER S =R Er i iy
et .

1 #RE5FE

L1 ##

PLIL 7748 Ol Bk 27 e FHER I 7 Mk B} 2 e 3l
HERE MR 22 1y K G TP AR A, DL
AU TR IT T 21 MR R
1.2 it

I HAR AR U 5 48— B R BP0 R N R Z bk
(25 cm x20 em x30 e¢m,12. 5 kg +3E) ¥, G EE
2 Bk WEIEHHOK (WW) FIT 5 Ha (WS) 42,
BEMLIX ZHHES) , BEAALBR 6 73 1EH UK AL PR, 44
A1 S K AR AE H )R K 1Y) 80% ;1 5
JALBR . 45 WK 15 d, 35 K R g e H a) 45
KR E 50% T 052 E H K 2= i . s H A
FAPRAE I E 3 &K &, (oK BRCEE . W5 T
2017 F1 2018 4E L PHAELELL T AV BE27 Bt S AR Ak
AT o S5 IEEOKAE IS 13 ~ 14 d, B 4b BRI
3 Z 0 AR AR 32 2548 =t R SR SC e 24

M A FR bR AR AR B P T TR B AR ARG 7. 4
JEWHURESS R A AL BRI 4% 3 A IEH ik =
B, M F2 2w AR
L3 7%

TFRGH], 2 8 Pantalone %5 15 45 7 oA
LR 21 AR LR AR, 20l 5 22 AR S ARl A
PTG

SEIEHR DG I E (L 11-6400 (LI-COR) il &
R AR 322508 =t B i SRS 28 RN TOG
P51 200 p,mol-mf2 es7' IR 25 ~ 30 °C L AH X B
J60% ~65% ,CO, #eFE Fy 380 pwmol-mol ~', 253k
A 500 pmol «s ™ U AE S8 U , FI SRS Y 7E A
L7 SRR ER O 5 I (RS 3 A & 5wl
Jr I di E v R e R T H R T B KR
PRE HHET AR R, 218 Peoples 25171 )5 1 i 45 Al
ME R DA R K E R, K5, FIH AR
KK Za P 8 A h kAL R AR R ek TR T S R R R
SR TTC 3522 I E RIS A1

BCIIII 2 A E am R : BARR AR W bR
REEL, EORLE MR B Clarke 257 J7 ik,
A FRERBE, D, = (X; - X))/ (X, -
Xoin) s Xy 5 0 ABPRVER AR T30 X 1 4
PEAR A B LCAE L X X i 23501 R IZ AR PP B R i
INHCAE, D, RS ARz MR SRR . R &
AR MR S S (R A1 12 5 s R (8, Rl 23S
JEAY ( Drought Sensitive, DS) | 71 [A] %Y ( Moderate , M)
At 52789 ( Drought Resistance ,DR)
L4 HESH

SR HH SPSS 17. 0 B4 47 Btk 70 B, ok — i
ARV T e 50 AT, K 53 b 3 il A F 5L & el
FIKIFAEBE x fil AR P55 B AR O [ 5 X 70 R
Ho/ N 22 kAT 22 LA, R 5 S5 i pR Bk
HHAT RIS AP RE RN 5

2 HFRESH

2.1 AEARMAXEREMEBERNS

T2 TR, SRR AR SRR R EL R TR
IR KL T 7E AN [R) 0% 2 M AR [B) A7 76 W B 35 25 7
(P <0.01) , kA 4y f0 R K000 R ] 7K 43 Ak
PREAFAE 225 (P <0.05) , i @ 0 5 A ik
HFAE T I 5 06 4 b L JR) A A AR RO
(P<0.05),

TR 22 AN K T G A R Y SRR A ) £
AR 2.39% ~ 33. 68% , Bk BB A% 15.14% ~
37.99% , Bk FREAIK 14. 58% ~43.26% . i 4),
AN TG 2 R R 1) 0 7 2 6T 52 bk 3 14w 1 S [



5 P S TR BRI A TRl 5 AR AR R o B S 753
16 MGHEARMRAY R AR, M 6 Mg {29 0.23 ~0.33; EE 32 1L 5L 29 1L 5 40 Bk F
KIELPE o A A SRR PR A T 2SR s R (o 33 Bk 61 L5 24 (115 43 %E$31\L 38 FiliL

0.23 ~0. 84, RIHHTHS 22 A fb ARG A 43 51 K1) 43
A3 AN .6 T AR (10 S Hr R AL AT 6 /it
B Hr 175 26 175 36 85 67 115 21 i1

46 Fifi AR Sk ] B SR JE B AUE N 0.43 ~
0.57;iT 5 15 45 54 175 34 5 62 2k 39 FI
LG 14 fliA Ky i 528 i 5 R JE pR g (E k0. 68 ~

AT FNAL 28 G ARCh T REUR T R SRR 0.84(5K 1),
x1 EEHKMTFERPETABAZHEERHEEZRZER
Table 1 Agronomic traits of different soybean grafts under well-watered ( WW) and drought stress ( WS) conditions
- L8 /RE L7/ AR AR L i it 55k i 5L 2%
AR Biomass per plant/g  Seed number per plant 100-seed weight/g Yield per plant/g PREE Drought
Rootstock
WW WS WW WS WW WS wW WS D degree
U526
63.51 47.09 125.54 77.85 18. 61 18.12 23. 40 14. 08 0.23 DS
Liaodou 26
36
60. 02 45.36 89. 88 67.24 19.53 15.41 17. 60 10. 38 0.23 DS
Liaodou 36
BRiL 67
50. 42 41.98 92.51 58. 86 17. 15 15.37 15. 88 9.01 0.23 DS
Tiedou 67
W E 21
43.12 35.99 101. 03 64. 54 18. 68 15.48 18. 89 11.99 0.25 DS
Liaodou 21
W47
59. 44 50. 36 129. 55 81.20 17.73 16. 69 22.91 13.57 0.29 DS
Liaodou 47
U528
44.51 29.52 78. 60 55. 64 18. 48 17.74 14.51 9.89 0.33 DS
Liaodou 28
U532
53.22 46. 50 118. 19 81. 60 19.29 18. 12 22.88 14.79 0.43 M
Liaodou 32
W5 29
51.47 44.07 87.02 55.52 18.30 19.24 15. 89 10. 67 0. 46 M
Liaodou 29
0L 40
55.28 43.72 94.37 62.24 18.42 19.73 17.38 12.29 0.48 M
Liaodou 40
B33
45.25 37.16 90. 07 69. 40 19. 06 17.71 17. 18 12.29 0.53 M
Tiefeng 33
kg 61
46. 19 40. 38 91.22 67.17 17.76 16.93 16.21 11.38 0.54 M
Tiedou 61
L5 24
57.38 47.21 90. 38 65. 80 17.02 16.98 15.37 11. 16 0.54 M
Liaodou 24
WG 43
47. 49 39.54 92.43 67.67 17.26 17. 10 15.95 11.59 0.55 M
Liaodou 43
BT 31
54.76 45. 68 95. 65 77.63 20. 26 18. 19 19. 37 14. 12 0.57 M
Tiefeng 31
L 38
41.40 40.41 65.34 49. 88 19. 17 16.93 12.57 8.45 0.57 M
Liaodou 38
1546
42.64 37.49 101.75 79.23 18.34 16. 84 18. 69 13.31 0.57 M
Liaodou 46
LE 15
56.61 47.75 117.56 94.25 19.35 18.98 22.75 17. 88 0. 68 DR

Liaodou 15
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A Biomass per plant/g  Seed number per plant 100-seed weight/g Yield per plant/g PREE Drought
Rootstock
WW WS WW WS LA WS WW WS D degree
Bk 54
56.91 45.38 118.54 88.13 18.83 20. 56 22.33 18.19 0. 69 DR
Tiedou 54
U534
65. 47 52.47 117.54 99. 74 19.71 19.21 23.16 19.15 0.73 DR
Liaodou 34
Bk 62
59. 94 48. 47 123. 15 92. 66 16.73 18. 66 20. 64 17.32 0.75 DR
Tiedou 62
B39
65.70 53.52 96. 97 81.45 18.37 18. 68 17.83 15.23 0.78 DR
Tiedou 39
U 14
51.30 49.93 140. 85 102. 82 16. 95 18. 96 23.87 19.53 0.84 DR
Liaodou 14
LSDq 5 (T) 1.18 19. 18 0.97 5.10
LSDy 5 (G) 5.19 9.58 0.52 1.76
LSDy os (T xG) 11.74 18.77 1.07 3.38
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DS Drought sensitive rootstock ; M: Moderate rootstock ; DR : Drought resistant rootstock. The same below.
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Fig. 1 Root bleeding sap mass (A) and root activity (B) of different soybean rootstocks

under well-watered (WW ) and drought stress (WS) conditions
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Fig. 2 Effect of rootstock type on main photosynthetic parameters

under well-watered (WW) and water drought stress (WS) conditions
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