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Effects of a combination of activated iron tailings and magnesium-modified biochar on rice seedling growth

and properties of saline—alkali soil

LUO Chunfeng"?, ZHANG Xiaorong’, GONG Zonggiang’, JIA Yanjie™*, ZHAO Xiang™*, LIU Fengfei**, GUO Wei"

(1. Shenyang Agricultural University, Shenyang 110000, China; 2. Key Laboratory of Pollution and Environmental Engineering, Institute of
Applied Ecology, Chinese Academy of Sciences, Shenyang 110000, China; 3. University of Chinese Academy of Sciences, Beijing 100049,
China; 4. Liaoning University, Shenyang 110000, China)

Abstract: This study aimed to investigate the effects of activated iron tailings and magnesium—modified biochar materials on rice seedling
growth and soil properties, as well as to assess the viability of improving rice production in saline—alkaline soil. A scanning electron
microscope was used to characterize the morphology and structure of the biochar materials, and Fourier transform infrared spectrometry was
applied to determine the functional group composition of the magnesium-modified biochar materials. Pot tests were undertaken to
investigate the morphological impacts of activated iron tailings and biochar materials, the physiological traits of rice seedlings, and the
effects on saline—alkali soil. Compared with other biochar materials, our results suggested that activated iron tailings and biochar treated
with magnesium had more surface functional groups, larger pores, and a rougher surface. Pot experiments demonstrated that plant height,
root length, root—shoot ratio, and dry weight of rice seedlings after applying the activated iron tailing—magnesium—modified biochar
increased by 12.61%, 191.49%, 42.93%, and 100.00% respectively, in comparison to the control group. Malondialdehyde and active
oxygen concentrations in leaves decreased by 65.76% and 46.46%, respectively. Catalase and superoxide dismutase activities, and
chlorophyll and soluble protein levels, increased by 117.35%, 44.75%, 55.00%, and 19.31%, respectively. After applying iron tailings—
magnesium-modified biochar, the electric conductivity of saline—alkali soil was reduced, while pH, total carbon, total nitrogen, total
phosphorus, soil available silicon, and total potassium contents increased. These results indicate that activated iron tailings and magnesium
modified biochar have great potential, and their application can enhance the physical and chemical properties and nutritional content of
saline—alkaline soil, reduce the active oxygen content of rice seedlings, increase the activity of antioxidant enzymes, and mitigate the stress
of saline soils on the growth of rice seedlings. Moreover, rice seedling growth in saline—alkaline soil can be promoted by increasing the
accumulation of dry matter.

Keywords: activated iron tailing—magnesium—modified biochar; rice; enzyme activity; soda—salt-alkali soil
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R AL bt 22 i S 2 AL (U T 5E
NEMP A R R - B AL (B AN I 4351 R PR
R OBEIR A IR ER , IR EUE & 220 ke -
hm (AN 1), 48 kg-hm (LA Pit),91 kg-hm? (LA K
) o At FEAS ] Ak BLZE S 7K e &0 v A R, AR
IR R b PRAL i FH i R C R o i — 2.

(D) WGE LBk DA ORL B 2k R0 5 A A A il %
10:3(m:m) R4, T 800 CHBEEy (_EHETL SXo-12-
12A) HF BB 30 min J 1 100 H i , 15 21 35 (L 2 B w5
HOE R < 5 i 2.60% , B 6.13% , 5 RURE 1
29.01%, %6 % & 1.70% , BF 75 1 70.22 mg - ke, 51l
] F AR GEIAESE Tyl BHE A BR A 71D it F 5, 256
BANEH A, A BU1.90 g T Lk /D (1.40 g JR E |
0.77 g R 4% ,0.77 o i FR B A 1505 fb 4% R b #4
Bl (Fe-F) .

(2) B e Pk A= 1 e o )« DL 57 7R o UL
550 CIRAZLAM MR 4 hifil A3 A% (BC) , B 100 g
AWy iR T 2 500 mL AL AW (1 mol - L7')24 h
AT HEAE Y (MBC) |, 2R 5K 100 o BE U A= 9

W5 2.0 gBRE 1.1 g BEIR M1 1.10 g BRI VA TR IR
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FRAD 5B M AR W) e PR T R L 19 700 1R A il 15
Bk R RD SR MU A W) M L (Fe-BCF) o

(4) BE-SE P 2E W e MR FRIEEAE 0.1 ¢ 5 7.0
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5L, X AR (CK) (Fe—F 41 .BCF 4 . Fe-BCF
0 LA K Si-BCF 41, K 45 b ¥R 2L jti A4 k)5 1 38 TR &)
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e S ERT U

F1 ABAERAME (g pot")

Table 1 Applied materials of each treatment(g+pot™)

Qb P JRE IR % T B g R RENE BEWUME A
Treatment CH.N,O (NH.),HPO, K,SO, Activated iron tailing Silicon fertilizer Magnesium modified biochar
CK 0.14 0.077 0.077 0 0 0
Fe-F 0.14 0.077 0.077 0.19 0 0
BCF 0.14 0.077 0.077 0 0 7
Fe-BCF 0.14 0.077 0.077 0.19 0 7
Si-BCF 0.14 0.077 0.077 0 0.10 7
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PR R 125 2 ORE &, 39S 9 500~4 000 em™, 45
BN 32, 73 A 4 em ™
1.4.2 JKFEHEIE S A 38R E

FH B RUE 500 5 7K e 4 v b o AR IR 1 s
NN ) 4] I O e A 1 @ S
10, FEMEF 7 105 CAR T 30 min, 75 CHET 6~8 h £ )i
HEEE , L P05 b 30 T #5045
i, AR RUK R L T R
1.4.3 JKAE A i Az B AR bRl

KA ERAE M A B KU 8 s 4 T3k
T K 53, HEATHRE | il S5 K R e 8L 5030 43
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Figure 1 Scanning electron microscopic of BC(a),MBC(b) and Fe-BCF(c)
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Figure 3 Plant height(a) ,root length(b) , root shoot ratio(c) , and dry weight of rice seedlings per plant(d)
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Figure 4 Contents of MDA (a),ROS(b),CAT(c),and SOD(d) in rice seedling leaves
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Figure 5 Contents of chlorophyll(a) and soluble protein(b) in rice seedling leaves
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A CK A5 T 1.06 4~ F10.02 4~ 43 45 s Fe—-BCF Al
Si-BCF b HEZH + 3847 3 REHR CK B 2 =t T 69.63%
1 62.63% (P<0.05) ; Fe—BCF 4 ¥ 2 TP A1 TK & 1 #5
CK ' #4555 194.07% F198.54% (P<0.05) , 30 d I,
Fe-BCF b BR4H pH Ky 7.55, 8 % 7 T CK(P<0.05) ;
Fe-BCF 4bF4H EC %% CK i 2 %41k (P<0.05) ; Fe-BCF
REFRZH TC A1 TN &4 CK B 1 1.14 1 F10.03
ANA 43 (P<0.05) ; Fe-BCF H1 Si—-BCF ZbFE2H + 147
SRR CK 43 1) (2 25 32 155 82.53% F1169.28% (P<0.05) ;
Fe—BCF 4b #L 2 TP Al TK 75 5 5 CK 43 71 &k 3 $2
163.12%#195.23%(P<0.05) . H[FLEHZE/F T, Fe-BCF
AEPREH pH FIEC Bl (8] 4HER% JCBH 522 4K (P>0.05) , TC
FITN 4350 T 0.15 41002 4N F 43 /5 s Fe—~BCF Al
Si—BCF &b R 4 4= 38 A 2 kE 3 ) FE AR T 4.18% FI
7.32%.
2.5 XM

Bl 60 1AL i S K R4 IR A4S A RS bR
B S B 285 L, BT LU H EC 5 ROS 4 i 2%
IEAHOG (P<0.01) , 115 TC 228 5 25 77 A G (P<0.01)
5 TK RT3 5 2 i 2 17AH OC (P<0.05) 5 KA 4 i B

PR B SRR R TN FTC 52 4 B 2% 1F A1 58 (P<
0.01), 5K .SOD Fl pH 5t & 3 1E 4 5 (P<0.05) 1
5 ECE B E 75 (P<0.05) ;ROS 55 EC & 7 2 1F 41
% (P<0.05), 15 TC TN . TP . TK | + 34 % ik &2 f AH
% ;SOD 5 MDA . TC . TP, LCC Il pH 5 #% i 2 1F AH %
(P<0.01) , 5 Hubk+ i it FIAR 5ed b 52 38 3 IE A 56 (P<
0.05) ; KR4 i i A LCC 5 SOD MDA . pH F1 SPC &
PR 2 IEAHOC (P<0.01) , 5 CAT A e L 25 1E A O
(P<0.05) , A%k 5 EC FIROS S A&, 5K 2%
B2 IEAH I (P<0.01) , Sk & TP &2 58 3 IEAH G (P<
0.05)
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Table 2 Saline soil pH, EC,and element contents in different treatments

SRAEIT ] Sampling time FEHR Index CK Fe-F BCF Fe-BCF Si-BCF
15d pH 6.82+0.02¢ 7.26+0.05b 7.29+0.10b 7.35+0.06ab 7.41+0.03a
EC/(S-m™) 1.78+0.13a 1.64+0.02b 0.63+0.04d 0.740.04cd 0.82+0.01¢
TC/% 1.12+0.04d 1.48+0.01d 2.05+0.08b 2.18+0.04a 1.49+0.13¢
TN/% 0.100.00¢ 0.10+0.00¢ 0.1120.00b 0.12+0.00a 0.1220.01ab
TP/(mg-kg™) 126.67+13.77¢ 290.00+37.83b 320.00+34.14ab 372.50+37.75a 387.50+35.27a
TK/(mg-kg™") 137.00+6.42h 165.08+61.31ab 274.75+80.40a 272.00+42.72a 235.33+84.80ab
HRTE/ (mg-kg")  98.673.23d 131.64+1.79¢ 100.67+3.50d 167.37£1.56a 160.47+2.82b
30d pH 7.26+0.02¢ 7.2620.05h 7.2920.10b 7.55+0.06a 7.37£0.02b
EC/(S-m™) 1.78+0.13a 1.88+0.04a 0.630.17¢ 0.74=0.04cd 0.7320.04¢
TC/% 1.19+0.01¢ 1.1440.01¢ 1.90+0.30b 2.33£0.10a 1.68+0.07b
TN/% 0.11£0.01¢ 0.1120.00c¢ 0.12+0.01b 0.14£0.01a 0.12+0.00b
TP/(mg-kg™) 106.67+61.05h 204.17+73.24ab 259.17+17.56a 281.67+43.04a 274.17+59.3%
TK/(mg-kg™") 120.50+16.05a 129.08+78.02a 247.42+88.90a 235.25+88.14a 215.42+88.33
ARt/ (mg-kg")  87.86+4.10d 126.88+2.62¢ 92.93+3.82d 160.37+2.16a 148.73+1.15b

T AN A/ING R IR ] — AL [R) 4 Bl 4 2 8] 22 55 .25 (P<0.05)

Note: Different lowercase letters indicate significant differences at 0.05 level among different treatment groups at the same time.
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Figure 6 Correlation analysis of rice seedling indices
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