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Effect of Citric Acid on Characteristics of Lead Enrichment

by Intercropping A. alpina and Zea mays
NIU Tingting, YANG Changlang, LIU Cui, ZU Yanqun, WANG Jixiu

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: This study highlights the verification of the response of citric acid secreted from root to the characteristics of Pb
enrichment by A. alpina and Zea mays in intercropping system.Thereby, pot experiments were performed with test condition
set up: respective addition of 0, 5, 25 and 50 mmol/kg citric acid, under Pb stress (1 000 mg/kg), investigating the effects of
citric acid on pH value of soil, available Pb content, root morphology, plant height, biomass and Pb enrichment characteristics.
The results obtained showed that in contrast to the control, in the condition of mono—culture and intercropping, pH value of
the rhizosphere soil decreased significantly with the increase of citric acid concentration; when citric acid concentration was
5 mmol/kg, the content of available Pb in intercropping soil went up significantly (P<0.05), an increase of 6.16%. the plant
height, shoot and root biomass of intercropping A. alpina remarkably increased by 15.32%, 41.21% and 22.22%, respectively,
and plant height, shoot and root biomass of Zea mays considerably increased by 32.25%, 184.82% and 173.08%, respectively;
when citric acid content increased to 50 mmol/kg, Pb content of the shoot and root parts of intercropping Zea mays decreased
by 14.18% and 48.39%, respectively; as citric acid content was 25 mmol/kg, the citric acid content in the root part of
intercropping A. alpina and Zea mays rose by 118.55% and 114.29%, respectively. In brief, the addition of citric acid can alter
the pH value of soil and the content of available Pb; in addition, the concentration of citric acid in plants increased consider-
ably, which could enhance the enrichment of Pb in the root part of intercropped A. alpina, and thus could inhibit the enrich-
ment of Pb in intercropped Zea mays.

Key words: citric acid; Pb; intercropping; plant growth; accumulation characteristics
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Table 1 Soil physical and chemical properties

oH +HEA P BARY Jox ] R HELRY AL/ KR/ JeXy
(g-kg™) (g-kg™) (g-kg™) (g-kg™) (mg-ke™) (mg-kg™) (mg-kg™) (mg-kg™)
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Fig.1 Effects of exogenous addition of citric acid on soil pH and available Pb
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Table 2 Effects of exogenous addition of citric acid on Pb enrichment characteristics of A. alpina and Zea mays

Y

IINETA ST ok
i —p oy i LEPb AR/ MR ESPb R/ e - o MLFPOEE/ HUFHPb A/ . . %
. (mmol-k 7 = =i
i ( ol-kg™) (mg-ke™) (mg-kg™) ¥z 28 AR (mg-ke™) (mg-kg™) ¥z 2B A REL

0 857.39+10.14a 2 990.75+120.04a 0.29+0.02cd 0.26+0.01b  212.64%10.70a 836.72+53.44e  0.26+0.02b 0.06+0.01b
B 780.77+20.65bc 2 272.22+223.59cd 0.35+0.04ab  0.25+0.01c  156.74+1.10d  1375.07£173.66a 0.12+0.02d 0.04+0.01d
Gl 25 798.70£8.60bc 2 188.78+46.10cd  0.37+0.02a 0.27+0.0lab  175.75+4.22c 1 323.60+170.40ab 0.14+0.02d 0.06+0.01b
50 762.57£33.38cd 2 044.24%£39.49d  0.38+0.02a 0.28+0.02a  158.15+15.05d  881.92+45.47de  0.18+0.02¢ 0.06x0.01c
0 828.33+39.61ab 2 639.22+143.32ab 0.32+0.03bc 0.27+0.0lab  211.25+9.66a 1179.33+5.88bc  0.18+0.01c 0.07+0.0la
A B 771.85%£28.59¢ 2 906.73+423.54a  0.27+0.05d  0.23+0.01d  191.02+1.95b  1472.33+58.20d 0.13+0.01d  0.06+0.01b
25 612.97+43.77e  2471.54+153.12bc  0.25x0.01d  0.18+0.0le  193.45£5.55b 1 055.73x132.46cd 0.19+0.03¢ 0.06+0.01b
50 716.30+5.85d 2 773.28+105.77ab 0.26+0.02d  0.23+0.01d  181.30+7.52bc 608.66+37.94f  0.30+0.02a 0.06+0.01bc
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R ERAR Ak Y A RE DT R A3 R 64.6% .22.8%
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Table 3 Stepwise regression analysis of Pb content in different parts of plants and citric acid content in different parts of plants
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Fig.2 Effects of exogenous addition of citric acid on citric acid content in A. alpina and Zea mays
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Fig.3 Effects of exogenous citric acid addition on the content of citric acid secreted by the roots of 4. alpina and Zea mays
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Table 4 Correlation analysis between exogenous citric acid and citric acid content in different parts of A. alpina and Zea mays
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Fig.4 Effects of exogenous addition of citric acid on leaf length of 4. alpina and plant height of Zea mays
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5.46%.67.91%.47.06% . 139.28%; [A] {F T K AR K FIAR
B3 M K 43.85% F1117.92%, AR Fe 1 AL MR 1
B A AR AR TR 4.11% . 11.54% F1 5.88%., Bl
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Table 5 Effects of exogenous addition of citric acid on root morphology of A. alpina and Zea mays

7] kR WRE/(mmol -kg™) R/ em REMH/em’® R HAS/mm SR em’? HRIREA
0 10.81+0.38a 29.23+5.03b 0.21+0.01ab 0.17+0.01b 2 206.67£91.51f
5 10.42+0.04ab 34.90+0.41b 0.23+0.01a 0.23+0.02a 4,180.00+76.63¢
ot 25 6.680.13d 15.65+1.12¢ 0.1520.01c 0.0620.01de 4 771.00+189.00b
50 7.37+0.86¢d 14.65+0.21cd 0.1520.01c 0.0420.01e 2 565.67+46.51e
INER ST
0 11.40+3.02a 49.08+2.47a 0.2020.02b 0.25+0.03a 5 281.00+383.00a
e 5 9.53+0.20abc 19.49+8.82¢ 0.20+0.03b 0.10+0.05¢d 3 243.67+62.94d
25 8.19+0.48bcd 20.09+1.99¢ 0.1720.02¢ 0.12+0.06cd 2513.67+209.51¢
50 6.45x1.56d 8.25+0.49d 0.17x0.02¢ 0.03+0.01e 1 051.00+40.00g
0 5.0420.30d 14.3620.82d 0.52+0.04a 0.1820.02bc 306.67+22.82f
7.6820.60b 13.38+1.78d 0.54+0.04a 0.19+0.01bc 789.34+32.13b
sl 25 9.29+0.30a 23.67+1.02ab 0.52+0.05a 0.2620.05ab 360.67+62.09ef
‘ 50 6.98+0.63bc 20.95+1.51bc 0.52+0.06a 0.23+0.05bc 590.67+8.09¢d
R 0 7.25+2.24bc 13.7625.06d 0.4620.02ab 0.1620.06¢ 669.00£234.00bc
(Sl 5.62+0.35¢cd 19.88+0.39¢ 0.37+0.02¢ 0.2620.10abc 976.67+23.10a
25 6.67+0.76bcd 14.19+1.23d 0.40+0.02bc 0.17+0.05bc 476.67+20.51de
50 9.41+0.08a 26.78+0.67a 0.53+0.10a 0.3520.06a 706.00+20.00bc
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Fig.5 Effects of exogenous addition of citric acid on biomass of 4. alpina and Zea mays
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