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Superiority of resistance in the root growth of
kenaf hybrid under salt stress

ZHANG Jia-giang, PAN Feng-ying. DOU Jun-huan, CHEN Peng, ZHOU Qiong, ZHOU Rui-yang”
(College of Agronomy., Guangxi University, Nanning 530004, China)

Abstract The heterosis of salt tolerance for kenaf hybrid was studied through hydroponic methods, with cytoplasmic
male sterility (CMS) kenaf P3A, maintainer line P3B and hybrid as experimental materials. The objective of this study
was to investigate the heterosis of kenaf root growth at seedling stage under salt stress, thus provide a scientific basis
for kenaf heterosis utilization and kenaf hybrid breeding for salt-tolerance. The results showed that salt stress
significantly inhibited the root growth of kenaf. They were different among different genotypes. The heterosis existed in
the root length,root surface area,root volume and root tips under salt stress,and the hybrid with advantages over the
parents. The F; hybrid of kenaf showed both strong midparent and overparent heterosis. The finding suggested that the
F: hybrid possessed higher salt tolerance than that of the parents within certain range. The root architecture of kenaf
were altered under salt stress,and more coarse root (root diameter2.25 mm were formed. This suggested that salt
stress promoted the superiority of resistance. Under salt stress condition, kenaf hybrid develop more coarse root (root
diameter>>2. 25 mm) than that of its parents,which enable them to resist moderate salt better.
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NaCD , LI NaCl ) 1/2 Hoagland & 3 & 35 3%

M XF B, KSR R 7 d TR ARE SRR 1R I K
IF FHZE 1 7K &b 78 K 28 e 2 1K 43 o 35 3R 1) i 2% 4
R 24~36 C L AIXTIEEE 40% ~60% ., HLBIA
2% 15 min [A] B 38 L A0 B By R T A .

1.3 WMEmMBESA %

THEMREE AL F S 20 d HUOKE A E A BUE K —
A 8 k4l H e A K gk D DL I H < B
JIHE4N v 6 25 AR AE 23 49 4R 23 9. HT WinRHIZO
(version4. 0b,Canada 2000) # & 23 ¥ & 4873 5 &
AR AR RS R R AR AR IR AR R B R
K] 55 MR R MR S 8. WinRHIZO A4 7] 4 4
R EASH Oy PEHAL 0. 01 mm) PEAT &£ MR G
T A AR 24 5 S AR L b SR AR FDRLAR 3 >4
% AR E 23 5008 0~1. 25 mm CH AP AL 4 1. 25
mm) 1. 25~2. 25 mm(H P A 2. 25 mm) FK T
2.25 mm,

1.4 ¥iEaE

JH Microsoft Excel 2003 #11 DPS #4475 &
SINT R E AR 2R AT 2 5 B AR,
FMH: Ruen / Y0 = (Rg, —Rup)/Ryp X 100; # 5 3£
¥ Ropn/ % = (Ry, — Rup)/Ryp X 100, K 1,
R Ry Fl Ryp 73 51 22718 22 58 XU 4 (R i35 {1 2%
AL ¢ SR B

2 HEREHW

2,1 ARFZMHURK BREARBRBERRERRR

BRI R B RT

R MREIMBARABERMRAEREF
IROL B H8 b5 FEER R AE T AR RAEAE R A LR A2
AE . AR L ATLLE B a0 TR AR R
A K MR AR TR ARAB AR P B B o R vk
SORIIETS7 $2 N o - N 2o | 1 S (2P o S
500 AR FR A4 Ktk O AR 26 T AR AR AR AR
RHBO YR 22 5 A K 35 B 3 KO 5 1 7
WA T LR A5 PR R AR KB B R B R AR
B3 B T (BT P 5 21 BK 4% 28 Bl i AR AR 3R AR L AR
RB AR ARB — WA A &, RN 5 5 25 A
L HSIREE AR R EES, Hrph E&ha T,
R GHRIREER AL, 3 Ry Je 58 Fh >P3A>992;
TE 150 #1200 mmol/L B8 T, £1 K 4% 2 Fl 1 A 3%
1A AR AR FR R BAR L, 1o 24 28 Fh >P3A>992, H
s T E N O S P K (E S



8 hoE Rl oK %R 2011 4F 45 16 %

K1 AEAHRLETHIAREXZMEEIGEHRK RRER BRERRIRILE
Table 1 Root length,root surface area,root volume and root tips of kenaf hybrid

and its parents under different salt treatments

EhARFE/ (mmol/L) K R A /em RE W/ cm’ R/ em? RIS HL
0 I 686.00454.03 a 259.984+14.14 a 9.09+0.45 a 258.00438.68 a
P3A 587.49443.6 a 209.39416.80 a 5.95+0.54 a 257.60419.44 a
992 524.36455.36 a 271.96418.75 a 8.37£0.40 a 210.40430.70 a
50 I, 651.23467.51 a 242.89412.35 a 7.90£0.46 a 265.80426.39 a
P3A 562.28434.11 ab 186.69+22.35 b 5.4640.61 b 241.20435. 66 ab
992 508.79466.46 b 199. 83423. 30 ab 6.80£0.87 ab 179.00£17.70 b
150 I 451.42452.92 a 198.89+10.80 a 7.21£0.65 a 161.80+20.34 a
P3A 440.30418.95 a 173.69+23.26 b 5.34+£0.82 b 122.80£8.11 b
992 291.00433.56 b 125.20£16.75 b 4.3140.69 b 98.20£7.92 b
200 F, 382.12447.47 a 170.63+21.60 a 6.1040.87 a 124.40+13.64 a
P3A 303.414+11.00 b 116.80+£7.34 b 3.59+£0.32 b 112.00£8.11 a
992 218.09418.05 b 79.04+£5.68 ¢ 2.284£0.14 b 88.40+£10.54 b
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Fig. 1 Midparent heterosis and overparent heterosis for the root length,root surface area,

root volume and root tips under different salt treatments
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Table 2 Root length of three diameter classes and their ratios to total root length in kenaf hybrid

and its parents under different salt treatments

hab ¥/ K /em WK/ %
Jik R 7Y
(mmol/L) 0<<.L.<{1.25 1.25<<.L.<C2.25 .L.>2.25 0<<.L.<{1.25 1.25<<.L1.<C2.25 .L.>2.25
0 F 554.81+34.61a 80.2547.24a  50.41+5.04a 77.80+1.79b  11.15+0.84a  11.054+1.22 a
P3A 485.60+43.06 b 67.70%£9.03 ab 34.07+5.75b  82.43+0.83 a 8.82+0.31 a 8.75+0.76 b
992 424.04454,96 b 60.11+£3.61 b  40.124+5.57 ab 82.25+1.41 a 9.2041.00 a 8.56+0.44 b
50 F 504.49+30.7 a 69.13+6.29a  78.38+1.66a 81.26+1.58a  10.19+0.68 ab  8.55+0.95 b
P3A 439.03458.35b  60.124£6.29b  63.034+3.42b  83.53+0.68 a 8.50+0.65 b 7.9840.62 b
992 422.40460.82 b 44.99+8.80 ¢  41.29+5.14 ¢ 75.97+£1.08b  12.01+£0.53a  12.02+1.04 a
150 F 318.98+18.24 b 60.314+4.00a  72.04+6.58a  72.35+2.01b  13.49+0.88a  14.16+1.59 a
P3A 336.47+23.29a  50.1946.86 b  54.1646.64 b  80.09+1.20a  10.23+0.81 b 9.6840.87 b
992 213.17+£40.88 ¢ 42.4945.64 b  35.1948.13 ¢  75.07%2.15ab 13.58+1.15a  11.35%1.14 ab
200 F 296.05+5.99 a 43.734+3.61a  42.28+1.61a 74.16+1.50b 13.54+1.10a 12.3041.05a
P3A 242,174+15.96 b 32.80+1.07 b  28.38+1.81 b  80.434+0.97 a 10.60+0.72 b 8.9740.39 b
992 174.13+33.83 ¢ 29.414£10.28 b 15.33%£6.12 ¢ 82.0040.67 a  10.6740.68 b 7.3340.55 b
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Table 3 Root surface area of three diameter classes and their ratios to total root surface area
in kenaf hybrid and its parents under different salt treatments
Ehabxm/ R M/ cm? HRF L/ %
e R Y
(mmol/L) 0<C.SA.<C1.25 1.25<C.SA.<<2.25  .SA.>2.25  0<.SA.<{1.25 1.25<C.SA.<C2.25  .SA.>2.25
0 F, 96.67+11.50 a 36.7645.60 a 87.52410.69a 44.16£2.97 a 16.21+£1.16 a 39.634+3.22 a
P3A 78.49+10.10 a 22.67+2.86 a 54.07+4.84 b 50.14+1.71 a 14.49+0.50 a 35.37%2.02 a
992 79.76+8.95 a 24.2144.28 a 54.07+4.84 b 49.9843.09 a 14.88+1.94 a 35.14+4.29 a
50 Fi 106.9249.36 a 34.91+2.81 a 71.6947.22 ab  50.14+2.61 a 16.30+0.63 a 33.56+2.36 b
P3A 89.6847.96 a 24.654+3.50 a 58.94+6.59 b 51.80+1.81 a 14.10£1.29 a 34.10£2.75 b
992 84.0047.37 a 34.1243.40 a 86.37+2.58 a 40.70+1.65 b 16.524+0.92 a 42.78+2.33 a
150 Fi 64.44+3.60 a 30.7142.55 a 76.65+7.78 a 37.934+2.78 b 17.87+£1.18 b 44,1943.35 a
P3A 44,274+3.98 b 23.0243.69 a 46.15+9.24 b 50.34+2.23 a 16.80+1.28 b 32.86+E2.65b
992 67.13+8.36 a 21.1943.17 a 36.43+6.58 b 44,7843.09 ab 20.55+1.03 a 34.67+2.37b
200 F, 54,95+6.48 a 26.9844.72 a 55.76+8.55 a 40.534+1.97 b 18.984+1.37 a 40.4942.49 a
P3A 47.0942.26 a 16.34+1.85 b 27.45+3.01 b 52.43+1.64 a 17.80+£1.04 a 29.77+1.40 b
992 34.89£2.81b 11.604+0.59 b 15.24+1.75 b 56.40+0.92 a 19.13+£1.33 a 24.47+1.84 b
H196.55% . mmol/L B ERAM) B HAR TR I B % 22 5% . JF H.,

ZLIRR % SC 0 Je WU R0 BB R A B 26 T L 41
JRR 40 7 4% LAOKEL AR B AR (A AR g T2 B o L B e e
52204 b (5% 40, UL WA AR PR B el o 6 Bl 38 X HLAR 19
AR i e . 5 SRR A BRUAS A A — B 7 X iR
B ER AL BEARPE R AR . P AR A AR PR BR S R B A
o B PR3 DI A R v o p s e R R AR (150

YA DHLAR (150 mmol/L B Br &M Fi i & AR ¥ AE 200
mmol /T bV BE I, o 25 00 35 AR g R AL ek R
i i s AR o TP A AR DL KR AR B AR A4 R b S A 553 5l
A7 35.87% .88, 55% Fll 238. 71 % s 40 , P 54 DL
FEL AR 1) R A B 75 2 1 3540 0k 16. 836,59, 76 %
M 157.97%,

x4

A [E) Eh 4b BB T £ B 40 B 2 32 F0 R WS & 4 B AR R AR LR o AR AR FR A9 b )

Table 4 Root volume of three diameter classes and their ratios to root volume in kenaf hybrid

and its parents under different salt treatments

hab R/ S AR/ cm?® WAL/ %

(mmol/L) 0<<.V.<{1.25 1.25<C.V.<{2.25 .V.>2.25 0<<.V.<{1.25 1.25<C.V.<{2.25 .V.>2.25
0 F, 1.7240.21 a 1.5940.24 a 10.88+1.44a  12.69+1.62a 11.2841.39b  76.034+2.79 a
P3A 1.33+0.17 a 0.9840.12 a 6.62+0.87b  14.96+1.04 a 14.96+1.04 a 74.01+1.74 a
992 1.3740.15 a 1.0540.19 a 8.50+1.52 ab 13.4841.30 a 9.5040.32 b 77.02%+1.29 a
50 I 1.8540.16 a 1.5040.12 a 9.574+1.34 ab  15.03+£0.81a  11.964+0.97a  73.01+2.32 a
P3A 1.5140.13 a 1.0540.15 b 7.3340.99b  15.97+1.90a 11.124+1.86a  72.91+3.70 a
992 1.5140.14 a 1.4840.15 a 11.9840.58a  10.09+1.52 b 9.9240.93a  80.00+1.70 a
150 I 1.1740.07 a 1.33+0.11 a 9.354+1.07a  10.43+£1.34b  11.66+1.25b  77.91+2.45 a
P3A 1.1740.16 a 0.994+0.16 a 4.50£1.06 b  19.05+2.04a 15.68+1.87a  65.27+3.68 b
992 0.80%£0.07 b 0.93%+0.14 a 3.48+0.70 b 16.6841.93a  18.10%£0.68 a  65.23+£2.24 b
200 I 0.98+0.05 a 1.1740.21 a 6.5541.14a 11.82%£1.07b  13.33%+1.35b  74.85+2.24 a
P3A 0.83+0.05ab  0.70+0.08 b 2.48+0.39b  21.654+1.67a  17.88+1.49 ab 60.48+2.74 b
992 0.6140.12 b 0.5040.03 b 1.2840.18 b 26.01+1.32a  21.794+2.32a  52.20+3.56 b
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200 mmol/L B, 35 $ 4% & 25 22 5 . Ui 20 R 44 28
FAR 22 A K AR £R 38 T BH I 3R B B 2 AR 55 5 1 it
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CLRRZL S FPAR R AE K AE R 38 R B R AR
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7 AN RRIET . 7E AR A P 8 W aa A0
TR R A K R B BT s R R
N LR AL A PR 2R AR K R B SR AR B OR 1 4T
PR 3, B 2 R Ak 3 R B0 A8 A i A2 Ak (5 SCFF
K)o MR TT 25 5 HE Wi 44 se B e T 5 K
W K SE AR A YA S R R L SR R I 2 AR
B, AT RE R T A S R L LG SR T AR RS T
G B A L K B Rk B LR L R S R R A
Xof 58 v ) AT 0 38 3 AR R T o DT LA SR AR A
4 T 2 1 W SO0 23 LA B i 6 il 2 0% M (ot T P
i3 TG ) A5 S PR 1 TR FR T AR G 2 Bk
AR A F RIS F 3 W] e, e AT 18] B T ER BE
25t HHOEG O R A K 1 Z R B8 B it
FRrp Ze S RN E AR Z M L Rk kB T W
A, FERTEA A SoE AR RIAFAERIA 2 7 WA i
FiERBARE EH2ZEFC . mRNA 227 8oR
BRI HTIN I A2 5 OG22 S 3R IKFE P 2 80 &L
REA T LA, A /D B0 A 36 B Ry B AR B A A 1)
PASERRSEME I 44 A8 BRI SE AR 22 () 1 R 1 22
R ERFIRFENA L, BETE R WA XHRE A

R R 75 3 — 20 BT

TP AR R F A ] R 4 A A 2 A T 38 3 S [) 2
FEAR A AR A FRRN AR 2% T AR 2 BRI O B AR R A
RPN R E R AR TS R B AR R/ INR &R
A7 B B AT i A8 AR 2R 14 2 A S A AL, X
FOEJE B HAT WA G — bl F 2 EARIE A W
W98 B AT T S, AR SO AR L (D) Rl 4
FAM (0<<. D. <<1.25), &4 (1. 25<<. D. <
2. 25) AR (. D. >2.25) 3 454, WFsr k.,
HiR 363 X6 £ JRR &0 15 AN [) 200 B 1 AR A AR R B R AR 2 TvT
FRUA W E R, 2023 RORLAR AR K& AR AR VAR
FETH AR AR A A i 25 v T A AR AT rh AR AR O HoAE
150 1 200 mmol/L W), w] WL, 72 £k Wrie 7. 5 2%
AHH LY £1 0 2% 28 Pl 240 AR B AR R B AR A AL 35 L (B HE
2 5 1 R B T A AR DRLAR A1 0t 4t AR A AR
FR AR B RIAR 25 TR B S R A AR A AR AR FRRITAR
T FROU A B 1T 3 AT g 2 £1RR &)1 1 2% 28 FhoR R
AR £ 38 08— i M B 150 BH £1RR 2k BS A
FEFR AT L AT UG RO i & AR KO il 2 19
WA E A A 1. X HEL/NE  E AP
(R RIF 5% 465 10 A — 380, FL7E 19 R Ak 380 AR TR L0
38 O A A e A A AR B FLFE AN
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