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Combined Effects of Humic Acid-Modified Magnetic Biochar and AMF on the
Properties of Saline-Alkali Soil and Photosynthetic Parameters of Muskmelon
ZHANG Yating, LOU Xueyi, WU Jiarui, LIU Hongyuan, YE Binyu, XIAO Jiamin, LI Jiameng,

MIAO Yining, CHEN Xinyan, LIU Yilin, TAN Yuyu, WANG Zhichao, LIU Peng
(Botany Laboratory » College of Chemistry and Life Sciences» Zhejiang Normal University » Jinhua » Zhejiang 321004, China)
Abstract; [ Objective ] To improve humic acid-modified magnetic biochar ( HA-MBC) and explore the
combined effects of modified biochar and arbuscular mycorrhizal fungi (AMF) on the properties of saline-
alkali soils and the growth of muskmelon. [ Methods| Through response surface methodology. the effects of
the ratio of magnetic biochar to humic acid (1 : 4, 1 ¢ 6, 1 : 8), the concentration of FeCl; and FeSO,
reagents (0.02, 0.04, 0.06 g/mL), and the cross-linking duration (48, 72, 96 h) on HA-MBC were analyzed, to
procure the optimum amendment scheme suitable for combined application with AMF. Moreover, by conducting
pot experiments, the influence of individual fungi, individual biochar, and combined biochar-fungi (AMF—+10%B,
AMF+20%DB) on the physicochemical properties, and enzyme activities of saline soil and alkaline soil, and the
photosynthetic parameters of muskmelon were studied. [ Results] Under 15 and 75 mmol/L saline-alkali stress,
combined application of 20 g/kg AMF with 20% HA-MBC showed the best mitigation effects, with a
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“synergistic enhancement” observed. On one hand, the iron oxides and humic acids loaded on HA-MBC
improved the physical and chemical properties of soil by increasing the quantity of surface functional groups
and porosity, while AMF formed symbiotic roots to further enrich organic matter and nutrients, and increase
soil enzyme activities, thus increasing the height and root length of muskmelon and promoting the recovery
of F,/F, and the reduction of F, and qN. On the other hand, the application of HA-MBC could increase the
colonization rate of AMF in saline and alkaline soils by 19.46% and 22.72%, respectively, thus further

®" and nitrogen could form a

enhancing the effects of AMF. Moreover, nutrients such as Fe?™, Mg
transformation cycle between biochar and fungi, thus improving nutrient use efficiency. Under 150 mmol/L
saline-alkali stress, applying a low dose of HA-MBC still played a role in ameliorating soil and mitigating
stress, while applying high doses of biochar inhibited the improvement of indicators. This might be due to
excessive application of HA-MBC causing surface functional groups to aggregate toxic substances and salt ions
excessively and compete for nutrients, subsequently reducing AMF colonization rates, weakening the mycorrhizal
symbiosis, and hence diminishing the photosynthetic parameters of muskmelon. [ Conclusion ] HA-MBC prepared
with a biochar to humic acid ratio of 6 : 1 and cross-linking time of 72 h, using 0.04 mmol/L FeCl; and
FeSO, reagents, is suitable for combined application with AMF. The synergistic application of HA-MBC and
AMF can improve the physicochemical properties and nutrient structure of saline-alkali soil and promote the
photosynthesis of muskmelon under low to medium saline-alkali stress levels, whereas excessive application
of HA-MBC under high stress concentrations inhibits the improvement of soil indicators and the recovery of
photosynthetic parameters in muskmelon.

Keywords: biochar-AMEF interaction; humic acid-magnetic biochar; modified biochar; AMF; saline-alkali stress
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Fig.2 Element content and infrared analysis of the modified biochar
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G+ By AR B30 $2 55 36,4096, 40.41 % i e BE £
AT G4Bo 2H K THE 16.84% B8 3a T s,
VA PA LR 38 25 11 T, — 3 BK i A7 7E “ P [R) 3 850 R
5, B 0 2 0 AR AW 3 X6 T A o 4 2 T
PR . SR FE R R R B 38 T S N v VR B HA—MBC
(B Y], 56 T Js2 T o0 2 300 5 1

2.5.2 #NrtZZAF K 6 Al b E Al
S SRR F R AR, B R A0 BT G B R i
TR A P DN R 2 A A L A R R A R R
TEAR  H ok BE 38 (15,75 mmol/L) F,21 Kaf#h 4,
Bt AMF 5 HA—MBC #9256 27 68 4 {5 - 4% %
B m FE AR 7 R ARG 21.16%,27.48% (G +
Bio) M1 32.15%,34.77% (G + By, ), H ¥ & T BB 4b
P 18.77%,16.33% . "I WL HA-—MBC 5 AMF 1t
it BE 8% 22 fif Sh ol 8 i A M SR R S R TR R T
75 mmol/L W38 W, 8 CK 2H 4 94 & 3.75% (G +
Bi0):18.27% (G+By) o MMM T G+ B R
AL AH G+ B, NI HI M4 R & LT,
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Fig.5 The changes in bioavailable N, P, K of saline soil and alkaline soil under the combined effect of biochar and AMF

2.5.3 KKK RE 7 A A, TN G

R0 BA U, 21 KGR AR BN,

SENRGS

B

ARAFFEFET BC 5 AMF MEA1EH . 1k
I i) g 25 ] T e R AR B9 R HA-—MBC, A BF5E

JEME T ,CK A 21 K5 WA #4588 b 3 F 98355
fl. AMF 5 HA—MBC B 5l s fin 35 66 42 ff 4% 48
PRl A MO G R E M, AR E L TR & . =
HAE B VE AR 5 0 2 A vk B A G, 15,75
mmol/L B3 i, R 8 G+ B, .G+ By, 41 51 40 #
ORI LT o v B A T HLS E ARECHT# Fo 43 93
TR 12.75%,11.97 % . qN 435 F B 6.10%.7.39% .
F,/F. 20 B3R5 2.74%.,2.06 % . Bbr 30 5 it K S0
] R W A5 1 T e DA IR A A 1) 559 Jilk 30 o it 26 3R DG
RGN WL IR B, R E G A VB IE % #5497, {H 150
mmol/L B, G4 By A i ¥ Fy . gN.F,/F.. 1Y
R AR
3 g
3.1 MREWRHEI&ERI AMF BERARR
BC 5 AMF W Bk A it A © # e 5C 7 3 ek )
15 Yt 52 45 Ty T EL A B [) 384 %0 L (H CAE FH R A
AFRRE , 7y BEIR B AW o SRR it P b A1) A5 9 AN [

gE LG R, ORI B, FE BN 0.04 mmol/L FeCly
Fesoﬁit*l AW B S IE R L) 6 ¢ 1, 3SR ] 72

T &R HA—MBC &4 5 AMF 3t [H]
ﬁﬁiﬁﬁ A BC REMS 2 5 19.46 % (3h +) H1 22.72%
(Bl 4D B9 AMF Y, T & R 3L 2R e
WU 57 28 A R 2% T2 T LB A 1 SR AR SR A
LSS, 1 # AL AR 5 R T AL YANG %502 i
FHEW L HA GES TR DL Fe, O, Ry B 16 52 31 4 4 ¢
F LA AA LT AR B A EUE BRI, AR it
FE R HA—MBC A% il 1 7 22k A AL P Ffn HA 7
AW BB BEH IR Xt AMFE B9 W% B . JF 58 2 B A%
4 pH T R AR B LS, b AMF A fF
WHE. LA B BEHR A AW Fe P Mg 0% . 5% B
BRI O 38 ok B £ R HPO, S B, W B
AT ES BRME TR AWM. A MET
AMF 458 T 85 45, A4 5 AME 34 58 5%, fg F 3t
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Table 2 The changes in soil urease, phosphatase, catalase
activities of saline soil and alkaline soil under the

combined effect of biochar and AMF

TR LT L A A

B
(mgeg 'ed™) (mgeg 'ed D(mleg ' +20min ")

CK 0.3540.04° 1.150,04° 1.1040.04*

G 0.4240.03 1.1840.04° 1.2240.03"

B By 0.3740.02¢ 1.21£0.,02¢ 1.97£0.03°
G+By,  0.5840.02¢ 1.450,02¢ 0.8140.02¢
G+Bx  0.51£0.02¢ 1.3240.03" 0.8040.02¢

CK 0.1740.02¢ 0.8340.02¢ 0.740.02

G 0.3340.02¢ 0.9240.04° 0.9940.01¢

#,5 B 0.2840.04* 0.99£0.03" 0.93£0.02"
G+Bio  0.64£0.03" 0.8740.03 1.17£0.03
G+By  0.47%0.01¢ 0.63+0.01¢ 0.68£0.01°

CK 0.14£0.01° 0.5040.01¢ 0.33£0.01°

G 0.2340.02 0.5740.03 0.430.02

$150 Buo 0.21£0.02° 0.6340.02¢ 0.40£0.01¢
G+Bio  0.43£0.04 0.8940.04° 0.7440,04°
G+Bx  0.11£0.02° 0.2340.02¢ 0.2040.02

CK 0.314+0.01¢ 1.07£0.02° 1.01£0.03"

G 0.3940.02° 1.1140.01° 1.1340.01°

Bas  Bio 0.3740.02 1.09£0,02° 1.08£0,04*
G+Bio  0.55£0.01° 1.3540.02° 0.7940.04°
G+B  0.50£0.03° 1.28 40,02 0.73+0.01¢

CK 0.15+0.03 0.5640.03 0.6740.03

G 0.23£0.02¢ 0.63£0.02¢ 0.8140.01¢

Mo B 0.210.01¢ 0.6740.04° 0.7840.03
G+Byy  0.2940.04° 0.7740.04° 0.9340.04°
G+B  0.13£0.02¢ 0.4840.02¢ 0.9020,02¢

CK 0.070.01¢ 0.4240.01¢ 0.25+0.01¢

G 0.13+0.01¢ 0.49%0,01¢ 0.3430.01¢

Wiso  Buo 0.0940.02¢ 0.5240.02¢ 0.2840.03"
G+Bio  0.16£0.03" 0.6640.03 0.5340.03
G+Bz  0.03£0.04° 0.1940.04° 0.1240.04°

32 REBRENHBEIEREEREKNIIE
EAWFFEIEW] it BC BE 9% {2 i 19 1] 5 {4
BR8P R B P R % 0 45 4, 9 T 5 v AL )

AR, M AME W fE % 4k b+ N PLK F§ R,
I 4 v S R W I R L A b 30 X A R AR
RIIGIA BB AR R SR, E
15,75 mmol/L Wril &, T 3o 6k - £ 58 M 5w &, %
PR CVEREEER 1 Bl pH [019% A HLT &G NP K
Jo e A B N TR A BEAS 4R S R TR
K BRI UL PR K R A oN IR R 3 1 WU AG
P Fo F./Fo o [FBFBFFE4E5 R R, 45 20 4 AR 2
5 AMF+20% HA—MBC>AMF+10% HA—MBC>
AMF>10% HA—MBC, 5T #% %/ BC fil AMF 1tjii
FE A BUE N BC 3% AMEF % 3 bUA= K 12 3 455 S 5 0
E SO0 EITTIN

R3 AREBRETRI WLPHLKSREKBHERL

Table 3 The changes in muskmelon plant height, root length in

saline soil and alkaline soil under the combined effect

of biochar and AMF BT em
kB 7= i8N
CK 7.4840.54% 26.3742.52"
G 8.8640.33" 30.8642.34"
s B 7.96+0.62" 28.96+2.67"
G+ By, 10.27+1.12¢ 35.7543.12°
G+ By 10.3240.52° 34.8841.53°
CK 6.651+1.32¢ 25.4741.28"
G 8.93+0.32" 28.934+2.29"
o Buo 7.44+0.44% 27.44+1.43%
G+ By 10.6640.93" 34.42+1.93¢
G+ By 9.4740.31° 33.1242.31*
CK 4.734£1.31% 21.7342.31%
G 5.3240.88¢ 25.3241.93"
150 B 5.02+0.29° 23.02+2.28%
G+By, 4.1540.44" 26.7742.44°
G+ By 3.73+£1.12% 19.7341.12%
CK 6.584+0.78" 26.07+2.52"
G 7.21+1.22° 30.2142.18"
Bl 15 B 6.88+0.31" 26.88+3.34°
G+By, 8.27+0.51° 33.754+2.52¢
G+By, 8.0240.52% 32.8842.52
CK 6.3940.53" 25.1741.53°
G 6.9741.22% 29.9743.22"
B 75 Bio 6.51420.51® 25.014£2.47°
G+ By 7.9440.94° 31.7542.07°
G+By, 7.8940.54° 31.8842.52¢
CK 5.1241.13% 22.9742.11"
G 5.8440.51° 23.8442.51"
Bl 150 B 5.2140.98% 23.214£2.32®
G+ By 6.0740.83° 24.7942.28°
G+By, 4.9340.44" 21.48+1.38%
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Fig.6 The changes in muskmelon plant height, root length in saline soil and alkaline soil under the combined effect of biochar and AMF
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Fig.7 The changes in muskmelon plant height, root length in saline soil and alkaline soil under the combined effect of biochar and AMF
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S, SEEL P EIRG AL
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