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Abstract; Taking one-year-old Morus alba Linn. seedlings as materials, the effects of different biochar
application amounts (20-50 g - kg™') on seedling growth of M. alba, photosynthetic characteristics and
antioxidant properties of leaves, and soil properties in saline-alkali soil ( salinity of 0.4%) were
investigated by using a pot experiment, and the correlations between growth and physiological indexes of
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M. alba seedlings and soil properties were analyzed. The results show that the plant height, dry mass per
plant, total root length, total root area, total root volume, and average root diameter of M. alba seedlings
in the saline-alkali soil with 40 g - kg™' biochar are significantly ( P<0.05) increased by 29.82%,
24.88% , 78.32% , 139.69% , 231.07% , and 32.50% respectively compared with no biochar application
treatment ( the control) , while proline content, soluble sugar content, malondialdehyde content, and
peroxidase activity of leaves are significantly decreased by 45.48%, 25.04%, 29.21%, and 54.87%
respectively, indicating that applying an appropriate amount of biochar can alleviate oxidative stress in M.
alba seedlings caused by saline-alkali stress. The chlorophyll @ content, carotenoid content, total
chlorophyll content, net photosynthetic rate, stomatal conductance, actual photosynthetic efficiency of
PS1l, and relative electron transfer rate in leaves of M. alba seedlings in the saline-alkali soil with 30
g - kg™ biochar are significantly increased by 38.52% , 43.48% , 37.21%, 56.14% , 100.00% , 2.90%,
and 33.14% respectively compared with the control, mitigating the damage to photosynthetic systems
caused by saline-alkali stress. The pH value of saline-alkali soil with 40 g « kg™" biochar is significantly
decreased by 4.04% compared with the control, while cation exchange capacity, organic matter content,
ammonium nitrogen content, nitrate nitrogen content, available phosphorus content, urease activity, and
alkaline phosphatase activity are significantly increased by 4.86%, 84.90%, 50.98%, 58.04%,
17.26%, 46.67% , and 23.23% respectively compared with the control. The correlation analysis result
shows that in general, growth indexes of M. alba seedlings show significant or extremely significant ( P<
0.01) positive correlations with organic matter content, nitrate nitrogen content, available phosphorus
content, urease activity, and sucrase activity of soil, photosynthetic pigment content, net photosynthetic
rate, and stomatal conductance show significant or extremely significant positive correlations with soil
ammonium nitrogen content, leaf osmotic adjustment substance content and malondialdehyde content show
extremely significant negative correlations with soil organic matter content, while leaf antioxidant enzyme
activities show significant or extremely significant negative correlations with soil available phosphorus
content, indicating that biochar synergistically promotes the optimization of root morphological structure,
photosynthetic efficiency improvement, and stress resistance response regulation in M. alba seedlings by
kg™

biochar can serve as a suitable cultivation measure for M. alba planting in coastal saline-alkali areas, and

improving saline-alkali soil fertility and microenvironment. In conclusion, applying 30-40 g -

contribute to the improvement of saline-alkali soil.

Key words: biochar; saline-alkali soil; Morus alba Linn.; growth; physiology
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200 H .pH 8.12 B i 72.31% A& H 1.55% K4y
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FIF EXCEL 2016 #F4&# 150405 ; #1 F SPSS 26.0
A B K 5 2250 BE F0 Fisher LSD £ 4G 56 F
1225 B E M HT (P<0.05) ; FFH SPSS 26.0 H /1t
1T Pearson AH & 40 #7, IF Fl FH Origin 2024 #%
N

2 HERFapM
2.1 HEANAE A R AR o R 4 A K B
R IR 990 25 G B 6 - v S 40y K
SR LS 1, 455 o B AR W0 5t 9 94

F 1 TSEEWREMNE L P RMGEERNIE(XSD) Y

R T h R AR AR T R EAREC ER
A R ARV AR ST R R 3
HIGLE W) i I+ 40 g - kg Ab 383k B 5 K AH,
PR BBR T 5T A AR A W it Jn & 20, 30 T 40
g+ kg AEIIAI A N A= Py Ak 3 (XEIR) B3 (P<
0.05) 4, 54 0% 43 5 4 20.31% ,21.08% ,29.82% F
19.37% . 24.41% . 24.88% ; i M3 K 78 A= W) e it Jon i
20.30.40 F150 g - kg™ AbBRENT HE 8 2548 0, 14 1 43
°M40.60% .50.57% .78.32% .60.57% ; HAR T AR | i
HRAARFRAE A= M 3¢ it hn - 30 .40 F1 50 g - kg™ Kb BRAL
Xo FR G B B 4 51 A 102, 11% ., 139. 69% |
137.52%F11 194.29% 231.07% 215.71% ; AR -3 H A%
INAE AR N 40 g » kg™ b BRAS X IR 5 35 384
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Table 1 Effects of different biochar application amounts on growth of Morus alba Linn. seedlings in saline-alkali soil (X+SD) Y

A H=N . -1 o = N, N E’~ E S 3 SIZ A B A
EBICIR (6 - k™) e PRPRR e e ppmsyen  BRIEBVon® AP R
Biochar application . Dry mass per pt Total root Average root
Plant height Total root length Total root area .
amount plant volume diameter
0 77.80+8.26b 42.69+3.70b 586.52+170.99¢ 142.60+24.00b 2.80+0.19b 0.80+0.11b
20 93.60+12.70a 50.96+5.35a 824.66+129.21b 236.96+76.16ab 5.56+2.85ab 0.90+0.16ab
30 94.20+8.20a 53.11+8.39a 883.15+£108.97ab  288.21+104.69a 8.24+4.31a 0.94+0.10ab
40 101.00+11.02a 53.31+3.82a 1 045.87+176.99a 341.80+92.49a 9.27+1.99a 1.06+0.21a
50 89.00+4.36ab 49.07+3.31ab 941.79+98.58ab 338.70+49.12a 8.84+2.53a 0.97+0.09ab

D @3 RN [R] NG FRE 2R A R 40 #1 ] 2% 5 1 35 (P<0.05) Different lowercases in the same column indicate the significant differences ( P<0.05)

between different treatments.
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Xof A 2 B, BE i 435008 2.90% F1 4.35% ; #H X L
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2.3 MEMAEYRITERELTPFRMGEMFRELE
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Table 2 Effects of different biochar application amounts on photosynthetic characteristics of leaves of Morus alba Linn. seedlings in saline-alkali
soil (X=SD)"Y

PRI, R o T/ MRE b FH peipw i sman, TSR EiS ey LR/
-1 -1 -1 HKE R AR -1 T 2, -
(g-kg) (mg - g™) (mg - g™") (me - o) (mg - g™) (pmol + m™ +s™)  (mmol * m™ +s77)
Biochar application Chlorophyll a Chlorophyll b Carotenoid content Total chlorophyll Net photosynthetic Stomatal
amount content content content rate conductance
0 1.22+0.08b 0.50+0.05a 0.23+0.02b 1.72+0.13¢ 3.99+1.08b 0.08+0.03b
20 1.41+0.22b 0.51+0.07a 0.29+0.04ab 1.92+0.29h¢ 5.00+2.23ab 0.14+0.09a
30 1.69+0.18a 0.67+0.16a 0.33+0.07a 2.36+0.32a 6.23+1.50a 0.16+0.04a
40 1.38+0.05b 0.73+0.25a 0.26+0.04b 2.11+0.24ab 5.24+0.42ab 0.15+0.05a
50 1.43+0.11b 0.60+0.06a 0.25+0.02b 2.03+0.17abc 5.78+0.67ab 0.15+0.05a
st MR CO, e/ S N ST IR KRR A S
A i T T s L ke S Y PR T S E R S
(g-kg) (pmol + mol™") IR . Maximum . .
. O (pmol * m™ +s7) Initial . Actual photosynthetic Relative electron
Biochar application  Intercellular CO, A photosynthetic . )
. Transpiration rate  fluorescence o~ . efficiency of PSII transfer rate
amount concentration efficiency of PSII
0 308.61+23.43a 2.59+1.31a 0.28+0.03a 0.79+0.02a 0.69+0.02b 6.94+0.83b
20 275.82+37.62a 2.77+0.76a 0.28+0.02a 0.79+0.01a 0.68+0.01b 9.04+1.36a
30 306.63+30.23a 3.57+0.53a 0.31+0.02a 0.79+0.01a 0.71+0.02a 9.24+0.92a
40 300.30+44.35a 3.94+1.86a 0.30+0.02a 0.79+0.01a 0.72+0.01a 7.72+1.35ab
50 315.37+9.90a 3.29+0.78a 0.29+0.02a 0.80+0.01a 0.70+0.01ab 6.66+1.24b

D[] 51 Hp R [ NG 2B 36 78 AN [i] b B 8] 2% 5 2 3 ( P<0.05) Different lowercases in the same column indicate the significant differences ( P<0.05)

between different treatments.
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Table 3 Effects of different biochar application amounts on antioxidant properties of leaves of Morus alba Linn. seedling in saline-alkali soil

(X+SD)V
s 2/ e n»‘,\,/uu/\\ﬂ/n:f\',/~ S A = I BETENE, ., o L o
ORINR g T ATERRE AL I REG AL ORI s ot s st
(g-kg™) ( ,“71) (mg-g™) (mg-g™) (nmol + g™") ( g min (U - 7l-min’]) (U - f]_minfl)
Biochar application e " 8 Soluble sugar Soluble protein  Malondialdehyde Superoxide dismutase 8 .. g ..
Proline content . Peroxidase activity — Catalase activity
amount content content content activity
0 49.32+6.66a 7.03+0.84a 11.59+1.63a 63.41x11.43a  762.83+17.87abc 202.09+27.93a  178.78+15.17ab
20 36.72+5.45h 6.67+0.95ab 10.60+1.43a 52.94+2.7lab  786.46+41.23ab 174.18+13.35b  181.08+27.09ab
30 28.67+8.65¢ 5.25+0.34bc 10.54+1.42a 46.81+4.41b 818.35+47.29a 121.11+1.94¢ 215.81+37.71a
40 26.89+4.02¢ 5.27+0.76bc 11.36x1.28a 44.89+8.23b 712.61£32.67¢ 91.20+17.74d  140.42+41.35bc
50 30.19+1.19bc  5.13%1.51c 8.01+0.70b 51.31+5.49b 737.23+£55.72bc 111.73+10.63cd  124.00+40.12¢

D[] 51 Hp R [ NG B 3 78 AN [i] b B 8] 2% 5 1 3 ( P<0.05) Different lowercases in the same column indicate the significant differences ( P<0.05)

between different treatments.
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13.81% .40.07% .54.87%F1 44.71% , 3:- S8 A0 S Wl 15 P
TEAE YR 50 ¢ - kg™ AL HFEAR 30.64% , 22 544
K2 (P<0.05) 7K 5 A8 A P B A0 g % VETE AR )
BN 20~50 ¢ « kg ' ANBRY S X HE G B 22
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g N e R R R e[S E= R A STE I
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it 1% 4 2 S T SR BRI B AR A R A SR AR Y
AL (X BB ) A LB, pH {E 7E A2 B % i hn i 40
g - kg AL PR FERIE N 4.04% | PHE TS AR A Wk
i fin e 40 150 g - kg™ AL I AY I RS> 59 K 4.86% Fil
5.41% , A HLT & wAE A ) it in 12 20,3040 i1 50
g« kg AL FH K38 R 4> ) K 34.90% 55.77% .84.90%
F1116.24% , B A S =L LE Y AN 30,40 F1 50
g« kg™ Ab BB 3 0E 4 B A 144, 61% , 50. 98% Fil
60.29% TS A B AR A Y At fin = 20,30,40 1 50
g « kg AL FR K8 R B R 47.47% 62.20% ,58.04%

R4 TEE MR X RS R 6 T R AN (X2SD) Y

F161.90% , 1 &5 W & 5 76 2B W) B it fin & 40 A1 50
g« kg Wb FRAYIEGIE /3K 17.26% F1 19.29% , [ 1
PELELE W BT N 20 .30 .40 F150 g » kg ' Ab B 4
W43 31 33.33% 46.67% 46.67% 1 36.67% , T Wi
PELELE Wy BTt i de: 30 #1050 g - kg™ Ak 354 184 0 4 )
R 7.65% Fil 4.64% , Bd M Wl R 1 0% 1 E 2B ) it
A0 50 g - kg Ab B A Y 4 B 23.23% il
26.13% , 2= ¥R % (P<0.05) K, VL 4555
W NN 40~ 50 g - kg™ AR R FIAE SRR ) FR 0 1 1Y
2RO B

Table 4 Effects of different biochar application amounts on properties of the saline-alkali soil planted with Morus alba Linn. (X=SD)"!

AR N/ FH B F- 254t/
(g- kg’l) pH 18 SR/ (mS - Cm’l) (‘emol - kg’l) AR ERE/ (g - kg’l) @ﬁ/ﬂ/ﬁ\g/(mg . kg’l)

Biochar application pH value Electric conductivity Cation exchange Organic matter content Ammonium nitrogen content
amount capacity

0 8.66+0.18a 0.75+0.15a 9.25+0.17b 13.18+0.10e 2.04+0.31c

20 8.57+0.28ab 0.68+0.08a 9.51+0.26ab 17.78+0.10d 2.43+0.58¢

30 8.54+0.24ab 0.62+0.14a 9.55+0.21ab 20.53+1.47¢ 4.99+0.17a

40 8.31+0.08b 0.61+0.08a 9.70+0.32a 24.37+1.37b 3.08+0.21b

50 8.47+0.16ab 0.65+0.07a 9.75+0.09a 28.50+0.64a 3.27+0.24b
EORIENE ARG WA — JR— MAERMI T
(g-kg) (mg - kg™) (mg - kg™) (mg-g™ -d™)

Biochar application Nitrate nitrogen Available phosphorus

(mg-g™' -d™h)

Urease activity

(mg-g' -d™h)

Sucrase activity Alkaline phosphatase

amount content content activity
0 6.72+0.72b 8.40+0.65b 0.30+0.07b 15.94+0.08¢ 3.10+0.30b
20 9.91£1.5%a 8.74+0.86ab 0.40£0.03a 16.44+0.80bc 3.43+0.24ab
30 10.90+1.04a 9.08+0.72ab 0.44+0.03a 17.16+0.31a 3.68+0.29ab
40 10.62+3.27a 9.85+0.53a 0.44+0.05a 16.44+0.23bc 3.82+0.62a
50 10.88+1.17a 10.02+0.69a 0.41£0.03a 16.68+0.31ab 3.91+0.39a

D [ 51 o S ) /NG 5 3 7% AN [i) 42b 3L R] 2% 57 i 35 ( P<0.05) Different lowercases in the same column indicate the significant differences ( P<0.05)

between different treatments.
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R5 MR E R X S i

TN A= P 7 ) R B P SRR 4 i A A A B AR
5 EVERUR AR SCE DL 1, 2R o ke 5
SR PLT R A A R O
(P<0.05) IEARSC ; BBk i 15 18 pH {EL42 225 1
SR, 5 A BB 7ot B SRS SR E
RS P R R TG 1 L S TEANSG, 5
e JIR BRI 1 S B (P<0.01) TEAH G BAR K | BAR
A BRI I R B R S UG, S
ABUB A U R RO R R R
S P 2 W B R A O, R s 5
B A e 5 IR AR DG, SR T AR 15 Y BH S

TS SR A R R IR, BARR IR
TSR R B IR R AR S A
LR R B E IR 4R R o & MR
G MBS R A i AR IR R
WA P B P R I 1 2 Y 2 B 8 3 LA O
LRI b S R pH (H L B E NG, 5 R RS
A i W IR G, 5 L W R T R S A
FIEARSE Y PRGBS IR SA S RERE
IEAHSE  HoL& R 5 L pH (E 2 A 8 35 TR E
5B R s S A S R R EM
KL ES RERAIR S SSASRER
FIEAS MR 7Ot S DI E S A S B 2 B IEM
KPS SEPROt G AR 5 13 pH (5 B3 AR,
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pH EC CEC w,, w w w A A A

AN NN AP URE SuC AP
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MXZ%L  Correlation coefficient

h. ¥k Plant height; m: BARR T A Dry mass per plant; /. BREE
Total root length; A: A AR AL Total root area; V. HMRKRF Total root
volume; d: R H1E Average root diameter; wey,,: "4 « & &
Chlorophyll @ content; wgy, : "M4kZ b F i Chlorophyll b content; w,, :
25 8 b & it Carotenoid content; Wepl(arp) Ak I 2% % £ 2 Total
chlorophyll content; Pn. eG4 T # Net photosynthetic rate; Gs: et
3 B Stomatal conductance; Ci: ffl [A] CO, ¥k B Intercellular CO,
concentration; Tr 7% i R Transpiration rate; F . 1 48 ¢ 56 Initial
fluorescence; F . /F, . PS 1l &% KOt A % % Maximum photosynthetic
efficiency of PSTI; Y( II ). PS I SXBR A 2% Actual photosynthetic
efficiency of PS Il ; ETR; HH % HL 4% 336 3% # Relative electron transfer
rate; wp,, : N Z R & i Proline content; wgg: T % P4 1% & & Soluble
sugar content; wgp : ﬁ%@ﬁﬂﬁiﬁ% Soluble prolein content; wypy :
N % 7% & Malondialdehyde content; Agop: 8% 1k ¥ BE 1k B 15 1k
Superoxide dismutase activity; Apop: 13 % 1L ¥ W 3§ ¥ Peroxidase
activity; Agyp: AL AEREGPE Catalase activity; pH: 3% pH {f Soil
pH value; EC. + 3 H1L 5% Soil electric conductivity; CEC A B s
A& Soil cation exchange capacity ; w gy : 1384 HLET 2 5 Soil organic
matter content; w,y: 1375 A & & Soil ammonium nitrogen content;
wyy : TIEEA A & Soil nitrate nitrogen content; w,p ; T FEH A
i Soil available phosphorus content; Ay, : +HENKEE T 1 Soil urease
activity; Aqye: THEREMEE M Soil sucrase activity; A, : T HERERE
TR Gk Soil alkaline phosphatase activity. * : P<0.05; s#% ; P<0.01.

E1 EmEYROEBIREMHEER EEBERS TEERE
RIS

Fig. 1 Correlation analysis between growth and physiological indexes
of Morus alba Linn. seedlings and soil properties in the saline-alkali
soil with biochar application
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