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Effects of improving copper-contaminated soil with biochar and humic
acid on nutrient uptake of wheat under warming conditions

YUN Wangshu, LIU Dehong, KOU Taiji, LAI Lukuan, XIA Dongfang
(College of Agriculture, Henan University of Science and Technology, Luoyang, Henan 471023, China)

Abstract: To evaluate the effects of biochar and humic acid on copper (Cu) contaminated soil under climate
warming conditions, a two-factor pot experiment was conducted in Luoyang City, Henan Province, in 2020. The
experiment included treatments with biochar (CCu), a low amount of humic acid (F1Cu), and a high amount of
humic acid (F2Cu) in Cu-contaminated soil. A passive night-warming system was used in the field, with winter
wheat as the study material. The dry matter accumulation and distribution, nitrogen (N), phosphorus (P) and
copper ( Cu) uptake, utilization, transport and migration of wheat at maturity stage were studied. The results
showed that the passive warming system in the field increased the temperature of wheat by an average of 0.56°C dur-
ing the whole growth period and achieved a good warming effect. Copper pollution inhibited wheat growth, signifi-
cantly reducing the biomass of all plant parts by 22.3% to 76.0%. Nighttime warming ( HT) increased the biomass
of winter wheat (22.3% ~27.83%) , alleviating the inhibitory effect of Cu pollution on wheat growth to a certain ex-

tent. HT reduced the variation range of N and P contents of wheat plants among tissues in Cu contaminated soil but
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had no significant effect on the average content. In CK treatment, HT significantly increased the transport of Cu

from underground to aboveground by 229.62% , and significantly increased the accumulation of N and P in wheat

plants (11.1% ~45.5%). The application of humic acid and biochar reduced the inhibitory effect of Cu pollution on

wheat growth, and the expression of F2Cu>F1Cu>CCu in total biomass was reduced. The application of humic acid

(F1Cu, F2Cu) increased the accumulation of N and P in wheat. Compared with the Cu treatment, the N accumu-

lation of wheat plants was significantly increased by 22.2% ~ 100%. The addition of amendments was beneficial to

the migration of Cu from stem to panicle (9.6% ~79.8% ), and CCu treatment promoted its transport more signifi-

cantly. In conclusion, the application of humic acid and biochar can mitigate the harmful effects of copper pollution

on wheat growth to varying degrees and enhance wheat’ s ability to resist Cu stress. However, the effectiveness of

these treatments in improving Cu-contaminated soil may vary under future climatic conditions.

Keywords: winter wheat; nighttime warming; soil copper pollution; biochar; humic acid
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Table 1  Accumulation and allocation of the biomass of winter wheat under different treatments at mature stage

R Ab 3R A4 5 Biomass/ (g - pot™!)
Temperature Treatment #2 Root Z£ Steam M Leaf i Spike S E Total
CK 1.97+0.15a 31.05+0.92b 6.95+1.39ab 61.80+2.74b 101.77+2.68b
Cu 0.89+0.24¢ 12.46+0.8%¢ 4.12+0.98cd 16.18+0.78f 33.66+0.93e
NT F1Cu 0.98+0.11cd 15.89+0.39d 3.06+0.20d 22.13+2.75de 42.06+3.22d
F2Cu 1.50+0.20b 24.28+4.20c 5.43+0.88bc 41.35+7.02¢ 72.56+12.16¢
CCu 0.98+0.16cd 9.07+0.80f 2.20+0.25e 11.60+1.13¢g 23.85+2.26f
CK 1.98+0.12a 39.69+3.5a 7.86+0.83a 74.94+1.07a 124.47+4.01a
Cu 1.12+0.35bed 11.10+1.77¢f 3.85+0.83cd 16.07+1.16f 32.15+2.87e
HT F1Cu 1.12+0.07¢ 15.89+1.21d 2.55+0.29¢ 27.89+3.39d 47.45+4.56d
F2Cu 1.16+0.31bed 24.18+3.99¢ 5.06+0.90bc 41.24+7.17¢ 71.64+12.09¢
CCu 0.84+0.07d 12.23+1.73e 1.77+0.09f 18.32+2.89f 33.16+4.58e

T : [ SAN [) FRE R OR [ — IR 261 T A BRIR] 22 5 .35 (P<0.05) . T,

Note : Different lowercase letters in the same column indicate significant differences between treatments under the same temperature condition ( P<

0.05). The same below.

R2 WEEGESETRESLEN LN E MR EYE WOIRIEE R R B L R Im3 AL

Table 2 Effects of nighttime warming and remediation of copper pollution on biomass,

harvest index and nitrogen / phosphorus ratio of winter wheat at mature stage

I H i Temperature A3 Treatment TR x Ah TemperatureXTreatment
Item F A& F value P {& P value F & F value P {8 P value FAH F value P {& P value
T JFi & Root dry mass 0.019 0.892 9.273 0.000* ** 0.643 0.638
2T Fidt Stem dry mass 1.912 0.182 38.095 0.000 * * * 1.461 0.251
M it Leaf dry mass 0.073 0.790 15.038 0.000* * * 0.286 0.883
BT FifE Spike dry mass 4.615 0.044* 71.242 0.000* * * 1.090 0.388
AR Total biomass 3.312 0.084 67.434 0.000* ** 1.310 0.300
NHI 1.312 0.266 2.358 0.088 0.784 0.549
PHI 0.450 0.510 1.346 0.288 2.918 0.047*
CuHI 0.954 0.340 109.202 0.000* ** 0.752 0.568
A ¥ Nitrogen content 2.752 0.113 6.996 0.001** 0.803 0.537
7% & Phosphorus content 0.001 0.974 3.605 0.023* 1.056 0.404
AMELL NP 4.092 0.057 6.987 0.001** 0.331 0.854

Hoew | oxox fllx = = 3JERIRTE P<0.05,P<0.01 Fll P<0.001 /KT 22 57 W3,
Note: #, * #*  and * =* = indicate significant differences at the levels of P<0.05, P<0.01, and P<0.001, respectively.
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Fig.3 Effects of different treatments on the accumulation and distribution of nitrogen, phosphorus and copper
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Table 3  Effects of soil amendments on copper
transport coefficient between different tissues

of wheat under copper pollution

R b3 iEFE ZEL Transport coefficient

Temperature Treatment TF o soon TFA,.ih-/an-,m TF o/ em

CK 0.027+0.00e  10.889+2.11a 12.445+2.81a

Cu 0.068+0.02b 0.318+0.02d 1.156+0.22¢

NT F1Cu  0.048+0.01bc  0.572+0.11d  1.593+0.45¢
F2Cu  0.055+0.01be  0.467+0.02d 1.275+0.06¢

CCu 0.045+0.00¢ 0.387+0.07d 1.110+0.32d

CK 0.089+0.04b 4.085+1.61b  4.497+1.21b

Cu 0.049+0.00b 0.332+0.03d  1.452+0.38¢

HT F1Cu  0.041+£0.01bed 0.489+0.12d 1.176+0.18¢

0.364+0.08d 0.984+0.17d
0.542+0.05¢  0.813+0.05d

F2Cu  0.105+0.04a
CCu 0.036+0.00d

ZHN T F2Cu AP Cu i ZE ) (P<0.05) FIZE
I FEIIE RS R AL 22.8% F1 22.0%, {HHG R FEAR T
CCu Ab3E Cu AR MIZERYIER R 5L 20% ( P<0.05) Fl
T Cu 25 A IE RS R 4L 40.05% . AH L Cu
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