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Effects of apatite and lime on root morphology and cadmium uptake by ryegrass under cadmium stress
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Abstract: A pot experiment was conducted to test the remediation effects in Cd contaminated soil by applying apatite (CK, L1, L2, and L3

at dosages of 0, 6, 12, and 24 g- kg™, respectively) and lime (S1, S2, and S3 at dosages of 1, 2, and 4 g+ kg™, respectively). The biomass,
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root morphology, Cd concentration and accumulation, bioaccumulation factors, soil pH, and available Cd content in soil were measured.

The results showed that apatite and lime (except L1 and S1) significantly increased soil pH, biomass, and root length, surface area, volume,

tips number, and Cd accumulation in ryegrass, but significantly decreased Cd concentration, bioaccumulation factors, average root

diameter, and soil Cd availability. Correlation analysis showed that the root length, surface area, volume, and tips number (root average

diameter), had significant negative (posivive) linear correlations with the available Cd content in soil, Cd concentration, and

bioaccumulation factors in ryegrass, while these had significant positive (negative) linear correlations with aboveground and root biomass

and Cd accumulation in ryegrass. Compared to controls, L3 increased the aboveground and root biomass of ryegrass by 176.0 and 174.4

times; decreased the average root diameter by 29.4%; increased the root length, surface area, volume, and tips number by 20.2, 21.0, 21.3,

and 24.5 times, respectively; and increased Cd accumulation in the aboveground parts and the root by 89.6 and 100.9 times, respectively.

In general, root morphology could significantly be affected by the availability of Cd in soil, which in turn affects the biomass and uptake of

Cd, and also determines the Cd accumulation in ryegrass. Thus, combining apatite at a dosage of 24 g+ kg™ with ryegrass could effectively

remediate Cd—contaminated soil.

Keywords : Cd; ryegrass; root morphology; Cd uptake; apatite; lime
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Figure 1 Effects of apatite and lime on the biomass of ryegrass
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Figure 2 Effects of apatite and lime on root morphology of ryegrass
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Table 1 Correlation analysis between biomass and root morphology of ryegrass

TR FEL M b ER S A MR A Yy iESN iSRS HRAAFN RIS iR S NERE
Correlation index ~ Aboveground biomass ~ Root biomass ~ Root length  Root surface area Root volume Root tips number Root average diameter
b LIRS A i 1

ALY 0.979%* 1
UASN 0.890%* 0.884% 1
KRR 0.890% 0.867** 0.988%* 1
HRARFR 0.874% 0.857** 0.959%* 0.984 1
ML 0.799%* 0.785%* 0.945%%* 0.941%* 0.927%* 1
MR 1 B AR -0.631%* -0.669%* -0.746%* -0.693%* -0.651%* -0.805%* 1

1 :n=21, KR P<0.05 /K- EAHOC , #5308 P<0.01 K7 FAR B AHOG . T .

Note:n=21,* and ** indicate significant correlation at P<0.05 and P<0.01 level, respectively. The same below.
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Figure 3 Effects of apatite and lime on Cd content of ryegrass
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Table 2 Correlation analysis among Cd accumulation and biomass , root morphology of ryegrass
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Table 3 Correlation analysis among soil available Cd and root morphology , Cd concentration of ryegrass

R ZEL TIERGS Cd & i (i3S MR FHH HRAAF A% WP ER
Correlation index Soil available Cd content ~ Root length  Root surface area Root volume  Root tips number Root average diameter

IR Cd it 1 -0.565%% -0.567%% -0.588** -0.5927%% 0.539*
THECcd e 0.393 -0.189 -0.214 -0.266 -0.173 0.097

Hb R4 Cd it 0.704% -0.520% -0.500% -0.466% -0.577%% 0.590%
WA CdEi 0.643%% -0.744%% -0.728%* -0.729%% -0.580%* 0.534%*

H 14y Cd B Ao —0.548% 0.878% 0.867+% 0.857%% 0.765% -0.665%*

WA CE R ~0.553%* 0.863%* 0.844% 0.833%* 0.762%* -0.689%*
Cd#%ia A 0.190 0.151 0.158 0.198 -0.039 -0.087

Hb LAy A R A 0.6717%% -0.511%* -0.484* -0.442% -0.570%* 0.588%
WA TR 0.619%* -0.756%* -0.736%* ~0.729%* -0.586%* 0.545%
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