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Roles and underlying mechanisms of foliar selenium application in regulating growth of Codonopsis tangshen
ZHOU Wu—xian', LIU Cui—jun'", DUAN Yuan—yuan', ZHANG Mei—de', Al Lun—qiang', WEI Hai-ying>, ZHANG Ya—juan®

(1. Institute of Chinese Herbal Medicines, Hubei Academy of Agricultural Sciences, Enshi 445000, China; 2. Central Hospital of Enshi
Tujia and Miao Autonomous Prefecture, Enshi 445000, China; 3. Agriculture and Rural Bureau of Enshi Tujia and Miao Autonomous
Prefecture, Enshi 445000, China)

Abstract: To explore the effects of foliar selenium (Se) application on the growth and nutritional quality of Codonopsis tangshen and
elucidate the mechanisms underlying plant response to supplementation with selenium, a field experiment with six treatments (0, 25, 50,
100, 200 and 400 ¢+ hm™ Se in sodium selenite) was conducted to determine the effects of different Se treatments on root morphology,
yield, quality, Se speciation and partial rhizospheric soil nutrients of C. tangshen. Compared with the control, application of appropriate
foliar Se increased root diameter, crop yield, and polysaccharide and lobetyolin content of C. tangshen. Differences between Se treatments
and control were statistically significant at the concentration of 200 g+ hm™ Se. Selenium in C. tangshen mainly existed in the form of
organic Se ( >70% of total Se), and the proportion of organic Se initially increased and then decreased with increasing foliar Se. The

maximum value of organic Se was 83.6% when the foliar Se level was 200 g+hm™. The Se treatments promoted the growth of C. tangshen
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under Se level of 25~400 g+ hm™; however, the promotion effects firstly increased and then decreased with the increasing foliar Se level.

Significant differences of rhizospheric soil nutrients among different Se treatments were observed : The 100 g+ hm™ and 200 g+ hm™ Se
treatments significantly increased the rhizospheric soil alkali-hydrolyzed nitrogen and available potassium content of C. tangshen,
compared with the control. Pearson analysis and redundancy analysis showed that the change of nutrient content in rhizosphere soil might
be an important factor affecting the growth of C. tangshen. In conclusion, C. tangshen was a good candidate for Se supplementation and
spraying 100~200 g+ hm™ Se in the bud and flowering stage could increase the yield, polysaccharide, lobetyolin and Se content of C.
tangshen, thereby promoting the development of Se—enriched C. tangshen products.

Keywords: selenium; microelement; Codonopsis tangshen; spray application; polysaccharide; lobetyolin; selenium speciation; rhizospheric

soil nutrient
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Table 1 Effects of different Se treatments on root length , root diameter, fresh weight and yield of C. tangshen

fili b #H Se treatment/(g-hm™) R4 Root length/cm

ZEM Root diameter/em  FRR S i 4 Fresh weight per plant/g 7o Yield/( kg-hm™)

0 31.79+1.72a 1.13+0.01b 21.17+1.53b 4793.3+208.2b
25 32.70+3.19a 1.10+0.08b 21.27+1.11b 4760.0+105.8b
50 31.94+2.32a 1.24+0.11ab 22.61+3.59ab 4 946.7+220.3ab
100 33.46x1.27a 1.27£0.09a 23.31+2.70ab 5126.7+201.3ab
200 32.47+2.38a 1.28+0.09a 24.48+0.70a 5260.0+298.7a
400 30.65+3.16a 1.12+0.02b 21.35+0.80b 4 840.0+197.0b

TE « [F S Rl INE FREFR R A B E] 22 57 .25 (P<0.05) .

Note: Different lowercase letters in the same column indicate significant difference among different treatments at 0.05 level.
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AL, AP UG ATG AE v BE AR N 38 20 & i B
DREPEAE T, RIS X 1 5 S0 At 257 A 5 )
2.4 AEELEZSE SRR T IEF DR
W 3 FE7R AN [ S IE AT A B 1] 3 S AR s 1 48
A AL RN R AL 7 i O IR S e . AN 100,200
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AT 7 Lobetyolin content/(mg-g™)
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Different lowercase letters indicate significant differences among treatments at 0.05 level. The same below

B 1 ARMELLER) RS S ENRES M E

Figure 1 Effects of different Se treatments on polysaccharide and lobetyolin content of C. tangshen
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Figure 2 Effects of different Se treatments on selenium speciation of C. tangshen
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Figure 3 Effects of different Se treatments on partial rhizospheric soil nutrients of C. tangshen
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Table 2 The comprehensive effects of different Se treatments on

the yield, polysaccharide and lobetyolin content of C. tangshen

b Az A= K 7 4 %L PGRI N
LR — - G
Se treatnfnl/ Ve = E4 ety CE

(g+hm™) Yield Polysaccharide  Lobetyolin
25 -0.007 0.096 0.056 0.145
50 0.031 0.075 0.045 0.151
100 0.065 0.115 0.213 0.393
200 0.089 0.118 0.274 0.480
400 0.010 0.041 0.267 0.318
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Figure 4 The redundancy analysis of physiological and
morphological traits and partial rhizospheric

soil nutrients of C. tangshen

— M AR I Ry WUEE AR P, FL A AR B R 2 e o A o
AIVE AR, ABFSE 4 SRR B, B 200 g+ hm™ Y
HMIEARAE AT IR A )1 58 S AR G, B H ™ a2 g
Jiti 400 g+ hm > fGAC I, JX AP SR 23 RO o ixX
5 Hawrylak—Nowak Z&"AfF 5 (4l %o 8 JIC AR 4K 52 i Al
yANE S eI E TP O R i 22 o0 S A [ ESE: 3 [
R HRIFFE R, A1 P55 i A JIE ] A7 280 805V 0
it ZhuZE RGBTSR B TE RS AN AL B 1 mg -
LR 4N (LA Se TG 1T, 1 mg - ™) 1T 42 55 2 i
AP AR A R CHEE RN & . Zhu
SEEIOVIE Ao Xof 7 2 I TR M i 2 B R K 5 Al AIE (Cut Fe+
Mn+Zn+B=100 g- L™, A HLA>60 g- L™, £ 4 S AR
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Table 3 Pearson correlation coefficients between physiological and morphological traits, total selenium and

rhizospheric soil nutrients of C. tangshen(r)

RK Eiil BRI N SR i A v K HLATG ;
sy fiels L PRERE . SWAR ORI g
. Root Root Fresh weight . Total Inorganic  Organic . .
Nutrients . Yield . . . Polysaccharide Lobetyolin
length diameter per plant selenium  selenium  selenium
ST £ i Total selenium -0.211 0.077 0.138 0.142 1.000 0.992%*  0.998** 0.076 0.813%*
A HLIT Organic matter -0.198 0.038 0.090 0.169 0.433 0.400 0.439 0.224 0.455
i fi# A Alkali—hydrolyzed nitrogen 0.174 0.362 0.708%** 0.652%* 0.009 -0.084 0.031 0.506* 0.408
UL Available phosphorus -0.338 -0.066 0.365 0.194 -0.060 -0.115 -0.046 0.144 0.062
HALET Available potassium 0.170 0.428 0.635%* 0.535°%* 0.392 0.292 0.415 0.558* 0.708%*
T T 0.05 /K- AR, ##fUFRTE 0.01 K- AL
Note: *represent significant correlation at the level of 0.05, ** represent significant correlation at the level of 0.01.
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