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Effects of Arabisalpina L. var. parviflora Franch and Zea mays L.
intercropping system on root-exudated organic acids under lead stress

WANG Jixiu, ZHAN Fangdong, LI Yuan, ZU Yanqun**, QIN Li, HE Yongmei, LI Mingrui

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

Abstract Cultivated soils contamination by heavy metals have become increasingly contentious to decision makers, farmers,
consumers and health professionals around the globe. Phytoremediation is a key strategy for decontaminating cultivated soils
polluted by heavy metals. Hyperaccumulator plants are limited by their soil occupation rather than agricultural production in
China. Intercropping system of hyperaccumulator plants and crops have been recommended for both of remediation and
production in the same time. The accumulation of heavy metal in plants is due to root growth and root exudates. However,
plant root morphology and exudates vary, which is a key issue in intercropping systems. In order to investigate the effects of
lead (Pb) stress on the exudates of organic acids by hyperaccumulator plant and crop roots in intercropping and monocropping
systems, a hydroponic aeration experiment was conducted in a greenhouse. A crop (maize) or hyperaccumulator (4drabisalpina
L. var. parviflora Franch) monocropping and intercropping systems were set up as the control and treatment plots, respectively.
The effects of 400 mg~L71 Pb stress on root morphology, organic acids (oxalic acid, tartaric acid, citric acid, malic acid, lactic
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acid and acetic acid) exudation and lead accumulation in the intercropping and monocropping systems were determined.
The results showed that compared with monocropped maize, lactic acid was obtained from intercropped maize root exudates.
The numbers of split root, root surface area and root density of intercropped maize increased by 60%, 15% and 42%,
respectively. Root and shoot biomass under intercropped maize increased by 108% and 75%, respectively, whereas root Pb
content of intercropped maize decreased by 44%. Compared with monocropped A. alpina, acetic acid and lactic acid
determined from root exudates of intercropped 4. alpine, showing 103%—1 700% increase in root exudates amount. Also Pb
accumulation in underground and aboveground plant parts of intercropped 4. alpina increased respectively by 49% and 75%
with 22% increase in transfer coefficient of Pb. Furthermore, for monocropped A. alpine, Pb content in shoots was only
significantly positively correlated with oxalic acid content; but for intercropped A. alpine, it was significantly positive
correlated with contents of oxalic acid, oxalic acid and malic acid both in shoot and root of 4. alpine. The results suggested
that root exudation of organic acids was critical in changing Pb accumulation characteristics in maize and 4. alpina
intercropping system. The number and components of organic acids in root exudates changed under intercropping system,
which affected Pb content and accumulation characteristics of A. alpine and maize. Pb content increased in A. alpine and
decreased in maize. In short, hyperaccumulator 4. alpine and maize were recommended for remediation of cultivated soil
contaminated with Pb.

Keywords Lead stress; Arabisalpina L. var. parviflora Franch; Zea mays L.; Intercropping; Root exudate; Organic acid
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Table 1 Effect of Pb stress on roots morphology of intercropped and monocropped Arbais alpine and maize
Plant Planting pattern Root length (cm) Root number per plant  Root surface area (cm?) Root density (cm-cm™)
Zea mays Monocropping 40.3+1.9a 58.3+12.1b 125.6+6.8b 0.38+0.06b
Intercropping 38.7+3.6a 93.247.0a 144.3+8.6a 0.54+0.07a
Monocropping 14.8+2.1b 6.7+1.52b 52.248.5b 0.23+0.09b
Arbis alpina Intercropping 18.6+1.12a 13.6=4.0a 76.6+7.5a 0.410.10a

+

>

(P<0.05), Data in the table are means + SD.

Means in the column affixed with different lowercase letters are significantly different between monocropping and intercropping for the same plant

(P <0.05). The same below.
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Table 2 Effect of Pb stress on low weight molecular organic acids contents secreted by intercropped and monocropped Arbais

-1
mg-plant

Alpine and maize

Plant Planting pattern Oxalic acid Citric acid Tartaric acid Malic acid Acetaldehyde acid Lactic acid
Monocropping 1.21+£0.48b 3.50+1.10b 0.09+0.04a 0.78+0.22b 0.02+0.005b —
Zea mays Intercropping 3.23+0.86a 7.09+0.63a 0.31+0.24a 1.77+0.47a 0.36+0.130a 0.06+0.02
Monocropping 0.12+0.04b 0.91+0.06b — 0.06+0.02b — —
Arbis alpina Intercropping 1.99+0.11a 3.31+0.85a — 0.28+0.07a 0.03+0.007 0.09+0.01
“—r “—” means no detection.
, 79.55mgkg”  68.93 mgkg”
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( 2A) Pb
. 373.61 mgkg™ 394.62 mgkg’,
[A a Jeo! o ! 0 o/.
ool T 55531 mgkg!  690.22 mgkg ™, 49%  75%;
»s0l @ 3 [ Shoot 1.05 1.8, 22%(  2B)
200 | b 5
~ 150} Pb ;
)
% 100+ a a Pb ,
£ sof
5 .
= 0 2.5
S 800f
3 B a Pb
o 700F
— a 3
oy 600 F >
b
M Pb
400 Pb s
300 Pb
200
100 F ’ >
0 L Pb ;
Hif Monocropping  [H{f Intercropping b 4

2 Pb BB X BEEFNEE E K (A) R/ EIT(B)

Pb =M

A

Fig. 2 Effects of Pb stress on Pb contents of intercropped and
monocropped maize (A) and Arbais alpine (B)
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Table 3 Correlation analysis between organic acids contents and Pb content of intercropped and monocropped Arbais alpina and maize

Pb

Organic acid
Plant Planting pattern part Oxalic acid Citric acid Malic acid Tartgric Acetal@ehyde Lac_tic
acid acid acid

Root 0.599 0.034 0.971" 0.033 0.095 —

Zea mays Monocropping Shoot 0.768 0.008 0.879 0.666 0.629 —
Root 0.984" 0.976 0.965" 0.984" 0.276 0.854
Intereropping Shoot 0.944" 0.772 0.726 0.901" 0.892 0.043

Root 0.808 0.042 0.269 — — —

Arbis alpina Monocropping Shoot 0.948" 0.046 0.589 — — —
Root 0.996" 0.952" 0.904" — 0.937 0.309
Intereropping Shoot 0.994" 0.988" 0.950" — 0.852 0.916"

* indicates significant different among treatments (P < 0.05).
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