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Effect of Ethylene on Morphology and Physiological Characteristic of Soybean
Seedlings under Low-Phosphorus Stress
GAO Bin,CAO Cui-ling, LI Tao

(College of Life Sciences,Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: Plants grown in phosphorus-deficient solutions often exhibit up-regulation of root secreted acid phosphatase activity
and enhanced ethylene production. To determine the role of ethylene in response of plants to P deficiency,we investigated the
effects of ethylene donor ethephon and ethylene synthesis antagonists( CoCl, ) on P concentrations in roots of soybean seedlings
grown in P-sufficient(1 mmol-L ™" H,PO,)and P-deficient(10 wmol-L ™" H,PO, ) solution. There was an increase in ethylene
production when seedlings grown in P-deficient solutions, CoCl, abolished the P deficiency-induced ethylene production. The
main root length under the low phosphorus application treatment was about 50% lower than that of the control,and the main
root length of soybean seedlings grown in P-sufficient solutions was insensitive to Co>* , while Co’* enhanced main root length
for those grown in P-deficient solutions, suggesting that P-deficiency induced decrease in root length can be reversed by inhibi-
ting ethylene production. Under P-deficient conditions the lateral root number increased by 64% ,and the longest lateral root in-
creased by 46% compared with the control. The lower root length and higher lateral root number induced by ethylene were re-
versed by Co’* . There was an increase in root activity and acid phosphatase ( APase ) activity when seedlings grown in P-defi-
cient solutions, and the increase in root activity and APase activity were markedly induced by ethylene. Phosphorus deficiency
affects the shoot dry mass accumulation and almost has no effects on accumulation of root dry mass. The root/shoot ratio was
enhanced by ethylene. Ethylene promoted P concentration of P-deficient seedlings. Results suggest that ethylene induced by P
deficiency may play an important role in P-stress adaption of soybean.
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100,200 pmol - L"), Ethephon (010,100,200 ,400
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Fig.1 Effect of ethylene and CoCl, treatment on soybean seedling growth
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Table 1 Effect of ethylene and CoCl,on biomass of soybean under P stress

A A
Eth 43 Biomass/mgDW + plant ~! CoCl, 23 Biomass/mgDW + plant ~!
Eth concentration /pmol -1, CoCl, concentration/ wmol + L ™!
HP LP HP LP
0 198 +7 a 191 5 a 0 198 +7 a 191 5 a
10 169 £6 b 168 £4 b 10 199 £7 a 192 £7 a
100 157 x4 ¢ 149 =5 ¢ 50 187 +3 b 170 £5 b
200 143 +2d 139 +3 d 100 182+6 b 161 x4 ¢
400 135 +5 e 135 +5 ¢ 200 175 +4 ¢ 151 +3d

KB I + bRE2e ; RIFIBAR R A A R TR R R 22 7 AT 351k (LSD 4%, P =0.05) o T,

Data are shown as mean + SD of three replicates ; Values with different letter in the same column indicate a significant difference at P =0. 05 level ac-

cording to LSD test. The same as follows.
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9% (3% 2) , KOG A MRE 23 38 KA e = 1 XTI
SERINNTE

IMAZKEIE , Toie J& HP + Eth, if J& LP + Eth,
ﬁﬁi%iﬁ%‘ﬁﬂ: LP 4b 3, 53X 0] BB & 1 F &4 Xt

YT YRR EAIHAVEN . HP + Eth (AR 5 Lk &
i HP 6% ,LP + Eth BAR & FLis i LP 28% , 3 A fiE
SR AV POAR A0 T R 0 X6 2 AT S vy A R R A AR
PLAREMATIR R AR . A LAl CoCl, J5 , HP
+Co BAEY S HP JAF T 25,10 LP +
Co % LP F#AIK 17% , F B LP 5|2 i A= 4y it PR AR
TSR LIRVERMEER . 7351, CoCl, X AEMRAR 7t L
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Table 2 Effect of ethylene on biomass of soybean under P stress

Qb Hb = Shoot #2 Root FE Pk Plant W
Treatment /gDW - plant ! /gDW - plant ! /gDW - plant ! R/S

HP 0.209 +0.005 a 0.058 +0.005 a 0.268 +0.009 a 0.284 +0.009 ¢

LP 0.197 £0.007 b 0.050 +0.006 ab 0.234 +0.005 b 0.310+0.019 b
HP + Eth 0.139 £0.012 cd 0.042 £0.003 ¢ 0.182 £0.014 cd 0.301 £0.022 ¢
LP + Eth 0.120 £0.012 d 0.047 £0.002 be 0.168 +0.012 d 0.399 +0.051 a
HP + Co 0.190 +0.008 ab 0.056 +0.004 ab 0.246 +0.080 ab 0.295 +0.022 ¢
LP + Co 0.148 +0.002 ¢ 0.047 +0.003 be 0.195 +£0.004 ¢ 0.314 +0.037 b
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MA G JE , HP + Eth REZ R LP AR R
BT LP + Eth XF AR B2 AG R0, X AR % H 79
fEEB AL LP B A A ) CoCl, )=,
HP + Co (IR RIL A5 HP ZAF T AR LP + Co 9
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Table 3  Effect of ethylene on root morphology of

soybean under P stress

e ERKE IR MR £
Main root length Longest lateral root Lateral root number
Treatment
/cm /cm
HP 8.36+0.15b 4.36 +0.21d 110 +14 d
LpP 4.20+0.15d 6.33+£0.55 a 181 £11 b
HP +Eth 5.16£0.20 ¢ 6.13+0.21 b 160 8 ¢
LP+Eth 3.96+0.2d 4.16 +0.16 d 201 +14 a
HP+Co 8.33+0.21b 4.23+£0.25d 104 +8 d
LP+Co 9.60+0.15 a 5.06 £0.15 ¢ 90 +£7 d
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Fig.2 Effect of ethylene and CoCl,on ethylene emission

in root of soybean under P stress
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Fig.3 Effects of ethylene on acid phosphatase activity in

root of soybean under P stress
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of soybean under P stress
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whole plants(D) of soybean under P stress
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