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Effect of grafting on improving cotton’s resistance to NaCl stress
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Abstract In order to clarify whether grafting can improve the salt tolerance of cotton or not, 11 conton materials were
used for salt tolerance identification at seed germination stage and seedling stage. Subordinate function was adapted to
evaluate their salt tolerance. The result showed that the113-5 cultivar from the southwest of China had the best
resistance performance, while the upland cotton (Bt cotton) J-1 displayed lowest resistance but has the higher yield.
Contton material 113-5 and J-1 were used as root stocks and scions for each other taking the seeding as controls. The
results showed that the strength ranking order of salt resistance is the seedling of 113-5>>graft nursery plant of J-1/113-
5(scion/stock) > anti-graft nursery plant of 113-5/ J-1>the seedling of J-1. The result indicated that grafting can
obviously improve the ability of salt tolerance of grafted seeding when root stock has stronger salt resistance was used.
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Fi) e M11-52.113-5 F1 113-1;51 {55 ki Ho A% A4 ). J-1,
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Table 1 Influences on germination of cotton tread by NaCl and the indicator of salt damage %

T REFRIBERE AARS R 2 3 Sal . X R REFREEE R

Qa2 R S o . alt toxicity . .

ok ] Salt toxicity Relative o Relative Salt toxicity
) Relative o o coefficient o o
Material o coefficient of germination o germination coefficient of

germination rate o ] of germination } o

germination rate potential ) index germination index
potential

NH11-157  22.5042.50 f 77.50£2.50 a 77.78+£22.22 ab 22.22412.22 ¢d 42.084+2.77 be  57.9242.77 ab
NHI11-174  61.67£7.26 d 25.0040.00 ef  79.17£4.17 ab 8.34+£8.34d 68.44+17.12 ab 31.56+£17.12 be
NH11-272  93.3446.66 a 6.66+=0.66 g  73.89£3.90 ab 9.99+0.99d 80.94+14.29a 28.59+£18.45 ¢
NHI11-112  72.2345.56 ¢ 27.78+5.55 e¢f 26.1945.12 ¢ 73.80145.12a  41.66=%5.99 bc  58.347%5.99 ab
NHI11-139  77.75£3.21 be 27.8547.87 def 82.61£5.60 a 25.3943.16bcd 76.32+5.49 a 23.6845.49 ¢
NHI11-156  53.5743.57 d 46.44+3.57 bc  73.3146.67 ab  26.6946.67 bed 57.32£8.91 ab  42.68£8.91 abc
NH11-168  75.9340.93 ¢ 29.174+4.17 de 84.53+1.18 a 15.48+1.18 d 78.95+4.47 a 21.05+4.47 ¢

J-1 33.33£0.00 e 58.3448.34b  33.33£0.01c 58.3448.34 ab  22.65+11.78 ¢  66.03%+5.61 a
M11-52 58.13+1.88d 41.8841.88 cd 47.26+E4.51 bc 52.7444.51 abc 59.63+1.87 ab  40.3741. 87 abc
113-1 87.0940.42 ab 12.92+0.42 fg 34.72+9.72 ¢ 82.96£7.96 a 60.67+5.38 ab  39.33=£5. 38 abe
113-5 86.91+£7.24 ab 19.6445.36 ef 81.90%4.01 a 18.10£4.01 ¢d  83.70%6.45 a 16.30+£6.45 ¢

T & [ 5 v B ) 3 7R 22 AR TR B 500 W KT RN TR 3 R 22 Sk B 500 i E KR
Notes:In the same precedence the same letters in the same precedence represent no significantion difference at 5% and the different letters

represent significant difference at 5%.
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Table 2 Method of membership function to estimate the difference of salt tolerance at cotton seed germination

& SRR A
PR Value of subordinate function Dfii Iy
Material Value of D Sequencing
1 2 3 4 5 6

NH11-157 0. 00 0. 88 0.32 0. 00 0. 81 0.16 0.28 10

NHI11-174 0.55 0.91 0.75 0.68 1. 00 0. 69 0.67 6

NH11-272 1. 00 0.82 0. 95 1. 00 0. 98 0.75 0. 94 1

NHI11-112 0.70 0. 00 0.31 0. 64 0.12 0.15 0.47 7

NHI11-139 0.78 0.97 0. 88 0. 64 0.77 0. 85 0. 84 3

NHI11-156 0. 44 0. 81 0.57 0. 40 0.75 0.47 0.30 9

NH11-168 0.75 1. 00 0.92 0.62 0.90 0.90 0. 83 4

J-1 0.15 0.12 0. 00 0. 25 0. 33 0. 00 0. 14 11

M11-52 0. 50 0. 36 0.61 0. 46 0.41 0.52 0. 46 8

113-1 0.91 0.15 0.62 0. 83 0. 00 0.54 0.67 5

113-5 0.91 0. 95 1. 00 0.75 0. 87 1. 00 0.93 2

Tk Contribution rate 3.938 1. 827 0.177 0.032 0.014 0.011

AL EH Proportion 0. 656 0. 305 0.030 0.005 0.002 0.002

T« 1~6 43 BI85 A0 X R 25 38 CRH X K 28 3 RO R ZFE AR R R 2 R R R A R T R BORUR SRR B E R

Notes:1 to 6 represent the relative germination rate, relative germination potential, relative germination index, salt toxicity coefficient of

germination rate,salt toxicity coefficient of germination potential and salt toxicity coefficient of germination index, respectively.
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3SAM B HEAT T W AT AR S, ik 3 T
WL Bl NaCl il e B i 38 m . 3 A 34 b i) A X ik
T RE NS KR AR e R N TRy AR, 7
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MEHE Z BIft 2 G R E S AR E, A E
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KRR 113-5 Tid £h 25 & 48 b5 1 35 85 T 113-1 Al J-
1,113-1 X #E&F J-1.
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Table 3 Relative rate of the growth of stem leaf and biological accumulation at cotton
seeding period under the stress of NaCl in different concentrations
e
NaCl ¥/ - HXE b e XY 7 HIXEF mé‘fijj
(mmol/L) Relative plant Relative Relative Relative
NaCl concentration Materizl height plant diameter fresh weight dry weight indicator of
salt tolerance
100 113-5 0.97240.010 a 0.996+0.005a 0.90240.001 a 1.001%£0.050 a 0.97 a
113-1 0.8884+0.015 ab 0.951+0.010 b 0.894+0.042 a 0.789+0.023 b 0. 88 ab
J-1 0.8184+0.045b 0.943+0.015b 0.780+0.056 a 0.749+0.041 b 0.82b
150 113-5 0.93940.005a 0.991+0.000a 0.821+0.003 a 0.950£0.050 a 0.93 a
113-1 0.7334+0.020 b 0.938+0.010 b 0.733+0.000 ab 0.625+0.019 b 0.76 b
J-1 0.6864+0.000 b 0.901%+0.010 ¢ 0.643+0.062b 0.546+0.084 b 0.70 b
200 113-5 0.93440.000 a 0.989+0.000a 0.707£0.002a 0.938£0.013 a 0.90 a
113-1 0.71940.020 b 0.916%+0.015b 0.444+0.002 b 0.582+0.006 b 0.67 b
J-1 0.43040.010 ¢ 0.871#£0.000 ¢ 0.237+0.005 c 0.434+0.028 ¢ 0.50 ¢
250 113-5 0.72140.040 a 0.845+0.050 a 0.591+0.028 a 0.785+0.003 a 0.74 a
113-1 0.46740.015b 0.777%0.025 ab 0.432+0.003 b 0.462+0.038 b 0.54 b
J-1 0.3484+0.010 ¢ 0.685%0.045 ¢ 0.177£0.018 ¢ 0.274%£0.045 ¢ 0.37 ¢
300 113-5 0.588+0.070 a 0.732+0.010a 0.492+0.009a 0.6714+0.017 a 0.62 a
113-1 0.2384+0.010 b 0.697%+0.025a 0.321+0.006 b 0.358+0.025 b 0.40 b
J-1 0.25740.000 b 0.617+0.010 b 0.134+0.013 ¢ 0.162+0.011 ¢ 0.29 ¢
T« i) — VR B[R] 3 v S B A ) 2 7R 25 R R GA B 506 KO, AR KR 22 Rk B S WK, K4,

Notes: The same letters in the same concentration and precedence represent no signification difference at 5% and the different letters

represent signification difference at 5%. The same as table 4.
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The same letters in the same concentration represent no
significant difference at 5% and the different letters represent
significant difference at 5%. The same as following figure
Bl 1 A[ERE NaCl BhiE T8 4) & HI iR R & 1 89 g Kz

Fig.1 Response of root activity at cotton seeding period

tread by NaCl in different concentration
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Table 4 Relative rate of the growth of stem leaf and biological accumulation of scion-root-seeding and

grafted seeding under the NaCl tolerance in different concentration

NaCl e it/ - b i i s
(mmol/L) Relative plant Relative plant Relative fresh Relative dry
NaCl concentration Material height diameter weight weight

100 113-5 0.972740.010 a .99640.005 a 0.9024+0.001 a 1.00140. 050 a
J-1/113-5 0.9484+0.010 a .97540.000 a 0.9012£0.008 a 0.929+0.015 a

113-5/J-1 0.702240.040 b .93940.010 b 0.8052£0.010 ab 0.7554+0.029 b

J-1 0.821+0.045 b .94440.015 b 0.780+0.056 b 0.749+0.041 b

150 113-5 0.939+0.005 a .99140.000 a 0.822+0.003 a 0.950+0. 050 a
J-1/113-5 0.84540.005 b .966+0.005 b 0.776=+0. 045 ab 0.899+0.085 a

113-5/]-1 0.613740.005 d .90740.005 ¢ 0.65340.011 b 0.557%+0.003 b

J-1 0.686=0.000 c .901£0.010 ¢ 0.642240.062 b 0.546+0.004 b

200 113-5 0.934+0.000 a .98940.000 a 0.708+0.002 a 0.938+0.013 a
J-1/113-5 0.796+0.015 b .95640.005 b 0.578+0.011 b 0.831%+0.031 b

113-5/J-1 0.45240.020 ¢ .89140.000 ¢ 0.362+0.012 ¢ 0.443+0.008 ¢

J-1 0.430=+0.010 ¢ .87140.000 d 0.23740.005 d 0.434+0.028 ¢

250 113-5 0.7212£0.040 a .846+0.005 a 0.591£0.028 a 0.785+0.003 a
J-1/113-5 0.599+0.005 b .806+0.015 a 0.510£0.008 a 0.661+0.061 a

113-5/]-1 0.345+0.025 ¢ .813+0.005 a 0.236+0.024 b 0.280+0.009 b

J-1 0.348=+0.010 ¢ .6854+0.045 b 0.17740.018 b 0.274+0.045 b

300 113-5 0.588=+0.070 a .73240.010 a 0.49370.009 a 0.671+0.017 a
J-1/113-5 0.59520.015 a .721£0.010 a 0.39720.006 b 0.507%+0.021 b

113-5/]-1 0.281+£0.005 b .669740. 040 ab 0.1734£0.022 ¢ 0.1974+0.003 ¢

J-1 0.257+0.000 b .61740.010 b 0.134+0.013 ¢ 0.163+0.011 ¢

2.4 BGEAENRRFBANE

i 2 mrgn, AR 5 A R AR RN T Y bl A
NaCl Jip 8 o B i 38 iy e 2 Bk, J-1/113-5 5
J-1AH LE s & 4E 300 mmol/L 19 NaCl 8 F, g & 5
JGEWRAN N 2ZE SR RN E . EEREE T
B e T 5%, H 0~300 mmol/L % NaCl fijif

T HWEHF4SMFAE T 71, 43%., 150, 00% .
166.67%.200. 00% . 300. 00% #1 100. 00%, J-1/
113-5 5 113-5 [, A& MR R & E¥ /N T e &,
TATZEBAE 200 F1 250 mmol/L B NaCl i F
AREERI HREETFTEZFADRERRAER.
J-1/113-5 5 113-5/]-1 At B & MR R 1E 183K



55 6 ]

EREAEAE . IR xR S AR AL I NaCl 30 #2800 59

Tl #F, efilZ Mm% CK K& 250,300 mmol/L )
NaCl 8 & 22 5% A W 2%, 7£ 100~ 200 mmol/L (1)
NaCl it F 25 B &, AR & WE & 4 es T
100. 00 % ,100. 00 % F11 200. 00% , X — 45 % 5 Hb, |-
40 0 S 235 AR ) L A S B T RS OR  HEAE  BLAE
PRI MM SR FH J65 422 10k it v 422 R T 66 P 1o LA TS 5k BB ) 5
(B4 BRI A S A

0.16 ra

e
¥

0.08

SUPA(TCE)
Root activity

0.04 +

it

R R R WY

LN

0 100 150 200 250 300
NaCl Ji/(mmol/L) NaCl concentration

44} Material B 113-5 @ J-1/113-5 O 113-5/]-10 J-1
B2 [ NaCl K E B THREBRE
HGEHERFBEANEZL
Fig. 2 Variation of scion-root-seeding and grafted
seeding in root activity under the different

concentrations of NaCl

3 Fiv5itie

ik 2 R A R AR SRS BT L AR B an
Xt ) 1 A0 8 i AR B A A K A2 B A AR
SUN R G e S M R R . AR B SR A5 R
B R 30 A TR AR B AR B B A AR R
AR AR, DL 1135 PERG AR BT, B4
AR R K ARG OR B AR T T R A AR
B s A YRR T R B B KRR FAR
/N2 AR .

AN Tr) A B ) AR 2R 0 A 45 AR 2 L FE NaCl frag
T IR RRG A AR R AR AR RS 1Yy
B NaCl i & 0 Fhos m BEAR . 24 LU P 58 04 44 R
FEA e A — e B AL BN R B AR R G ) B
TR AR HE TEHEARG., X 4585
I e ot 1 R B O T A — K

S DA 3 1 5 0 B R R B R AT DL AR
2 T ) T B (L AR I 0 1 Y Tt R T B A
— 2 W AN AR T R R 5 AR 2 B A B
DRI 6 SR o7 FH s 7 LA 7 i 8 6 B SR i A
A REU R RAFRCR . AR 32 B o b AR I B R S

R PR 9 A A 285 R A g AR B0 S UL T ) A2 P X
WA R AL NaCl BB R AT 1 — 2848 3f . =
TR G AR KT Na ™ (19 1 20R1 43 ic (49 7]
RO il A (Y MR 2R i T o 4 B A ) A T T
Mo b AR B s SRR RE R AR AT IR Z R RAS U
T “FRAFHUIE” SCRE AT AT LIS A% 5 I 4 2 Jm it A%
W T3 S 15 e B ) 1 e ol % e R o 0k 5 i 4 Tt R R A
T — 5E RN 55 () AL 3 7 2t — 2 IR A

2 % X #

(1] T B8 I ek, R mt 3k MR o ke [T, Y v Al 2%
#7,2009,21(2) :30-33

(2] MG R, 25 568 —. ka9l 6 HE i sT ik R (T ). AR 4 T /% i e,
2000,20(2) :20-25

(3] IR PR . 4 it 26 1 43 7 ML B AT o2 30 e () ). #0072 $Au iy
HiM 248 ,2002,10(3) : 281-292

C4] o E AR B2 B F 5% 0. T AR AE A B 2= [M. db st Rl iR
#t,1983:1-6

(5] BIRE . WRA M, B4R AR AL Itk M A o5 Btk 5 R 2 L) . 1R M
3%,2008,22(5) :460-465

[6] fCae.# A 8, B AL MEE & Ml B R 2 HmL BT ]. A
24 ,2010,22(5) 1 486-492

[7] Greenway H. Mechanisms of salt tolerance in nonhalopytes
[J]. Annu Rev Plant Physiol,1980,31:149-190

(8] Hh#w, K . M 32 2 w0 B R 58 5 ik 0], 2B W Al i
2010(5):9-13

[9]  =F7Rmn . A A B, 55, AL 3R T 15 i 3 1 28 38 0 43 F Bl
FHAFSE R )], AR AE 53], 2005,17(5) : 309-313

(107 RBEAR . 8. 4 e e, 45, Fh Wl X A A6 6 & V8 FH RN A= 3136 b
B2 [T, A E M A6 ,2013,40(6) :24-26

C11] X035, BeAN, Jk A 4, 5. A A R H B fT 1 56 [ CP4-EPSPS
BRI AL L) ] VLS ARl 259, 2013,29(3) 1 480-484

[12] SREAfE. o0 EI R, 5. LR XL T e <A 2 5
BORIE S R VOB B A A g L) ], B2 H 4 A 2k 4. 2011,
22(7):1771-1781

(137 #oitg 35 . M BT 2ty i« S S 7, A, R [l 35 D 000 A 26
S0 R 43 BT B LM AR R e LT ). b LR L R 2, 2014, 47
(7):1290-1300

[14] FH QL a2, DlaE, & s NSt R ]. dbor
FE 4 ,2002(1) :35-37

[157 w2 k. 28 k. B AR 2. R[] 3k IR 700 il A o o I 7= L SR 78 K bt
g M AT JE M 2 R [T . PE kAl 2% 4], 2011,20(3) 1 180-183

[16] FEufite. B EHM 38 & 5. 1/ 3 R A bk 0 24 B v &
X BT AP ]. A4 A B 248 IR, 2003 ,39(4) £ 330-332

(177 #5d  fBR, B2k R, 55 J6 4 B TR in T 35 25 9 Al AR 07 3 2
BORBEFELT ] WA AR, 2010, 14(10) :46-47

[18] Fdnfe. A M, ks & . 4. M T/ T o g B Hows 388 7= R
()], E#32.2003, V1(4) :10-11



60 OE R R R 2015 4F 55 20 %
(197 1= 37 . AN [0 JIG it o 3 38 TG 02 b ) BF 9 L . 97 6 R AR M AL, 2010(15) ;101

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

b4 ARG 24 B 24 4%, 2000, 14 (1) . 9-11

K e A e AR IR 55 O 4% 1R T Al R AR X I B BV
AR L], E Ak R 2, 2009,42(10) :3734-3740

TR SO AU OB S5 T 0l AR X A 0 e T AR
S]] WA B, 2014,43(1) :113-115,119
W5, 2 08 XL JGHE 0] I8 S 0 5 o g o e LT ). YL
BR3E,2009(20) :9-12

AN e . R [T A N B AR 0 4 ) A NaCl iy
R 0 A R0 R . A ol R 4R, 2009, 28(4) 1467-471
JAEA L BE, EF R 55 NaCl i T 580 i A4 K Rt
A AR bR S LT, P E B3R . 2010€20) :42-46

TR R S 00 A AL AS TR il AR X R B a8 R 8 4D A
K KA e KBTS AL RS R e L) ], 2% 4R, 2010, 37 (3
F 2138

Wz IG5 m AR L. R TRk A S5 H2 X A 7 37 A i 2
(I, 3R . 2009(4) :11-14

EAW L, kA 0, R SR R R AR R e T DR AE K
WAL ], TR A B, 2011(4) 1 4-6

B g AT BEOR L AE L M 2 IR X N B IR R P VAR K7
it R AT 2R L) DL BE 2R, 2012, 39 (D) 12714
PN T2 T, A5 TR B A RO OB R TR
A3 WU AR SE LT . A 5 SRR 4, 2002, 8(2) < 181~
185

Venema ] H, Dijk B E, Bax J] M, et al. Grafting tomato
(Solanum lycopersicum) onto the rootstock of a high-altitude
accession of Solanum habrochaites improves suboptimal-
temperature tolerance [ J ]. Environmental and Experimental
Botany.2008,63(1/2/3):359-367

Best e, M B ARG AR 1R 8 R 2 & 0y pF e L .
[ 4 27 8 42 . 2003 ,19(5) : 150-153

Kato T, H Lou. Effect of rootstock on the yield, mineral
nutrition and hormone level in xylem sap in eggplant[]J].] Jpn
Soc Sci,1989,58(2) :345-352

SR A AR R H B I RO SBR[ . B B
$.2010(24) 101

AL XA A AL R A SRR S LML JE a0 &8 A,
2007

TR AR, T B . T A AR A DX AR HOR LT

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[52]

[53]

[54]

W Al R 7S BB &, 4. I AR B0 9 B R BF 9 A AE X
FH M HTELT D, Tl g ARk BE A%, 2012,41(11) 1 88-91
kU4, B v, SR UK. R B R I B 0 0 B R DG A AR
FRE AR AL el K% 4, 2012,31(4) :414-418
HOARA By ArHE XM B L 56 S B A AR X AR AR B Z b i L
AR A 55T 52 ma [T, o B Ak B 24, 2010, 43 (19) 2 3974~
3980
JE i BHL AR AE SR BE B IR L AE R H a9k LPL b E LR,
CN101491192,2009-07-29
WM TR, 2 - T 3%, A Il A B W R TR (0 R T
#r[J]. FF,2014,33(5):13-19
[k R S EE N P R T o S
bR R LT ] NI AR AR, 2011,22(8) :2045-2053
XUHERE , 5 75 1 L 5l BB, 45 AR A6 Sk 2 2R bR 04 0 1 2 25
RN LT . A e 2=5E 42 . 2012,28(6) : 73-78
faf oty , 1€ BRIz L S AR AR T R B R 4 S 5 0 3 IR 56 B 5T
[J]. K AERE2,2013,35(3) :17-20
ARG, 24 A48 26 Bl BT 95 U5 T R o 25 R e L) ). T E AR AE
2014,41(5) ;14-16
TR L TE A L FLAE R L AT AR A6 A TR S A0 5 R 0D 22
SR, i E A @ . 2011,27(5) :180-185
AR ATSE RS ONE R A A 0 T R 0 R T
[J]. YEW2£ 417 ,2014,40(3) ;476-486
R IS L AT A R BT R AR A R O 1 2
YV b % Jr R R T ], P EARAE . 2013,40(3) : 12-14
YTt ik FTAE 5K T . R4 T 5 A B A Ak A AR B T AT 0 o 4
LI, PG b bR B 241 . 2010, 25(3) :59-65
25 A AT 2 A A S T TR I S AR LML b AR
H AR .2003:119-120
T A A A LML BT E Rl AT L 2009 :546-551
VEREST L dk W BH o R SR s B0E T 4 Rk SE IR A
BB FE T 25 A PR L) . PG bk BE 2 41 . 2009, 24(3) 1 24-26
KRR 5 B TR, A SRR R ARk M KRS R i b
L)), R 2#@ 4% . 2011,17(1) . 36-39
ik 25 X R, TR I T R A A I X PG IR 4 B AR R
LT, B 24,2004, 20(3) :62-64
AL RT3 R B 30 TR A i 4 B 0 R B e Ak
AR L. WA RE2F,2009(2) £ 263-266

ARG B xSk



