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Effects of Medicinal Herb Residue Combined with Nitrogen and Phosphorus Fertilizers on Plant Growth and
Physico—chemical Properties of a Pb/Zn Mine Tailings
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Abstract: Medicinal herb residue(MHR ) is a waste material after making traditional Chinese medicine. Here we explored its potential to
rehabilitate Pb/Zn mine tailings in a pot experiment. Plant growth and physico—chemical properties of a Pb/Zn mine tailings were evaluated
after applying medicinal herb residue in combination with nitrogen and phosphorus fertilizers. Results showed that adding medicinal herb
residue in combination with nitrogen and phosphorus fertilizers decreased concentrations of diethylene—triamine—pentaacetic acid( DTPA )-
extractable Cd, Cu, Pb and Zn in the mine tailings, but increased content of organic matter, ammonium—N and available P and enhanced
enzyme ( dehydrogenase, B—glucosidase, urease and phosphatase ) activities in the tailings. The metal concentrations in plant tissues were
reduced by addition of medicinal herb residue. These effects were greater in all treatments with MHR than that without MHR. Canonical cor—
respondence analysis( CCA ) revealed that all the treatments were clustered into three groups based on the variation in physico—chemi—
cal properties of the mine tailings. The position of CK on the negative part of the Axis 1 indicated a positively correlation with the ex—
tractable metal concentrations. In contrast, the treatments of MHR, MHR+N, MHR+P and MHR+N+P were all positioned in the positive part
of the Axis 1, suggesting higher organic matter, ammonium—N, available P and soil enzyme activities. In conclusion, our results showed that
the application of medicinal herb residues together with nitrogen and/or phosphorus fertilizers should be a practical method to reduce metal
bioavailability, increase soil nutrients, and enhance enzyme activities, thereby facilitating ecological restoration of mine tailings.
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Table 1 General physico—chemical properties of mine tailings and

medicinal herb residue(mean +S.E. n=5)

ZH =20 el
KL/ % 13.26£0.25 —
B/ % 22314030 —
WhL/% 65.19+0.42 —

pH 8.480.09 5.01£0.03
HL G 2R/dS  m 1.67+0.14 3.22:+0.36
AT g ke 2.85+0.17 831.25+10.4
TN/mg- kg™ 0.04=0.01 0.38+0.01
TP/mg kg 12.1242.34 636.63+109.87
TK/mg- kg™ 453.87+23.67 2061.31+151.44
Cd/mg kg 37.37+0.38 0.44+0.05
Cu/mg-kg™ 11.46+0.64 8.940.60
Cr/mg kg™ 22.31+0.42 9.28+0.51
Mn/mg kg™ 388.76£51.58 9821424
Pb/mg kg 712.63+53.75 3.20+0.06
Zn/mg kg 2 652.19+228.43 124.76£15.33
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Figure 1 Effect of medicinal herb residue in combination with
nitrogen and phosphorus fertilizers on organic matter,
ammonium-N and available P in Pb/Zn tailings
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Table 2 Effects of medicinal herb residue in combination with nitrogen and phosphorus fertilizers on pH, EC and DTPA-extractable Cd, Cu,

Pb and Zn concentrations in Pb/Zn tailings( mean = S.E., n=4)

b3 pH H§%/dS m”  DTPA-Cd/mg-kg” DTPA—Cu/mg-kg’ DTPA-Pb/mg-kg” DTPA—Zn/mg-kg™
CK 8.55+0.01a 1.27+0.08¢ 0.3720.02a 1.4120.08a 40.50+3.36a 165.13£10.93a
N 8.23£0.02hc 2.23+0.10a 0.38+0.04a 1.3620.11a 38.44%337a 129.8525.38b
P 8.27£0.02hc 1.5620.11b 0.3120.02b 1.1820.12b 32.71£1.05be 124.32:5.48b
MHR 8.23£0.02hc 0.95+0.05d 0.1820.01c 0.9320.12¢ 29.35+1.03cd 116.21%9.70b
N+P 8.00£0.04c 2.29+0.14a 0.30=0.02b 0.8120.02¢ 36.05+1.03ab 131.06+5.87b
MHR+N 8.18+0.03hc 1.52+0.05b 0.1520.01c 0.7520.02¢ 27.30+1.18cd 126.08+6.89b
MHR+P 8.32+0.04b 1.29+0.11c 0.1620.00c 0.9120.05¢ 27.10+1.23d 112.19£11.53b
MHR+N+P 8.20£0.01hc 1.42+0.04b 0.1520.00c 0.7820.02¢ 26.44+0.63d 128.68+13.29h

T R RS AR FREROR &AL B R] 22 57 .35 (P<0.05) . RA].

RI3 BHERSAMEEANBEEEAMEREVESRESENHM(H{EL SE. ,n=4)

Table 3 Effects of medicinal herb residue in combination with nitrogen and phosphorus fertilizers on biomass and Cd, Cu, Pb and Zn

concentrations in shoots and roots of L. perenne (mean+S.E., n=4)

e Y/ RIERM RSy AR A i BARMNE SRS &
g Cd/mg-kg'  Cu/mg-kg’  Pbimg-kg'  Zn/mg-kg'  Cd/mg-kg' Cu/mg-kg”  Ph/mg-kg'  Zn/mg-kg'
CK 022+0.05¢  0.78:0.02a  5.07+0.72a 53.48+4.15a 144.15:18.15a 2.52:0.52a 9.65+0.88a 134.8749.49a  200.52+7.32a
N 039+0.02d  051+0.10h 4.78+0.37ab 48.21x4.18ab 146.75:13.93a 2.46+0.24a 9.03:0.64a 136.15:11.85a 188.98+25.56h
P 0.64:0.09c  0.44:0.07hc 344:0.26bc 44.71%4.21ab 103.28+6.53b 1.34x0.16bc 7.51:0.24bc 107.98+8.83ab 128.1414.01cd
MHR 050£0.02c  0.33:0.03c  3.95:0.62b 35.3243.77hc  74.65:4.92c  1.20£0.13bc 7.25:0.86bc  98.46x7.81b 130.16+10.39cd
N+P 0.93+0.15h  0.35:0.05c 3.58+0.51bc 40.71x5.58h 115.93+6.68ah 1.69+0.13h 7.84+1.11bc 113.43+8.20ah 145.77+2734c
MHR+N  0.91:0.05b  0.48+0.06b 3.66+043b 39.92+6.64hc 83.94%8.05hc 1.40+0.33bc 8.26+0.48h  96.34+7.19h 112.27+1537cd
MHR+P  1.18+0.14a  0.37+0.04bc 2.8240.34c 31.19+4.80bc 77.61%12.10bc 1.00+0.16bc 6.10:0.83c  94.45+5.50h  107.87+9.32cd
MHR+N+P  1.26£0.12a  0.32:0.06c  2.84+0.20c 29.59:3.83c  51.98+4.50d 0.96:0.19c 5.94:0.95c 96.02+10.88b  96.03x11.76d
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Figure 2 Effect of medicinal herb residue in combination with nitrogen and phosphorus fertilizers on enzyme activities in Pb/Zn tailings
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Figure 3 CCA ordination bioplot between treatments and

physico—chemical properties of mine tailings
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