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Abstract

In order to explore the effect of seaweed biofertiliser on soil properties and enzyme activities, this
paper conducted a comparative study of soil properties and enzyme activities between different
treatments after the application of Enteromorpha prolifera fermentation liquid and its composite
liquid in tomato planting soil. The test results showed that: T1 (Enteromorpha prolifera fermenta-
tion liquid) had the lowest pH value, which decreased by 10.95% compared to that before un-
treated; T4 (Enteromorpha prolifera-chrysanthemum composite liquid) had the highest soil
urease enzyme activity under the treatment, which was significantly increased by 58.82% com-
pared to that of the blank control group; T3 (Enteromorpha prolifera-honeysuckle composite lig-
uid) had the highest sucrase enzyme activity under the treatment, which was increased by 6.13%
compared to that of the blank control group; T3 (Enteromorpha prolifera-honeysuckle composite
liquid) had the phosphatase enzyme activity was the highest, which was significantly increased by
13.44% compared to the blank control group. In conclusion, the Enteromorpha prolifera fermen-
tation liquid and its compound liquid can reduce the soil PH, promote the absorption of organic
matter by plants, improve the activities of urease, sucrase and phosphatase in soil, and help to
improve the soil microbiological environment of soil fertility transformation.
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H T AR S M AR B Ay B mti ) BE SR 20, DL RO 1 3RS de e = T ok £ R A R AT AR
REYD, BOA T IR AEYCPT ], B, M I R, SR TR R
S e AR BN, SRR (02 A A R BRI AR A AR R )

W& SR8 T 445 ] (Chlorophyta) £1 26 H (Ulvales) f1 46 £l (Ulvaceae) i & J& (Enteromorpha), & —FfidE v
Jiogs BHER. TR T WERAIRBI RIA G PR AR, AR . KRS 2 R R A E
KA A RIEA, FEOFE G FEI BRI, AR 20 E K ML T A FRE R R 28 (2] .
WEBRRLR, HRELESFEERIME RGNS, B HAREFE Y52 2 50k B4 2= P o i
ANFIFEI, RIS W B RIS 2 BOR G B, P E s A 1 X s OB AR . B, B BRKE
TREANIV AT, Pagiit, {745 LRI E B 60%4E B, M LUREHAMMME, ERiX—
B RO TUR IR 9% [3]

AR AR AR AT DA I VE R . s AR S, A R 2 R - MR TR N
R LTS R A, BEERNEEGRT), RS ESEE TRRESY, CHGERFRKOER. EEE
TR A B SR A K R IR A R 2, SEm BIRDIREGE M T e, o T s b, 4
e IR AR K BUK ZE @ E M, P g AR AR AN SR SRR AR, P SR R SRR AR
Bhn LA AL S B [4]. IKESE[SIT T As AR, M A T B AR LI L AR,
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BA. ARG S E. LIEMGRES RAE LRI, T DO U R B LIRS N . E 551
SE[610F 70 & DL I A RE W 48 o - 33 b RE MR B TS e, (B B IR B ME RS AN K. B TE R, DR EAE
BT LLsEm R R g 1t 22 My S A B s P R DR E PR S RS 14, 360 T 4N B 2R R, b (i
FAAEAT]. MGEEAE T DL B e A T, AR AL A PR SR AR, W
T CIN LA, SR s by, ooE RIS, RPN S BEVE 2 A, T DU LR
a3 BE N EE N 8] -

VAR, WG AR VI REAE Ay e i — o X AR DR B AT 9T 51 S T B N AME DR 12 R,
B A AR 77 A ) ER PR R T A A 7 ) Y 1 2 2 i (Sargassum  spp.) AT JE (Laminaria), 177X
KA GEBEIHGEE — WF S B TF RN I S b o R, el R se D & W VR AR 2 i o v 48 2
RIS SRR B IR W L EIT R —Fh 20T B 7%, W AR 0 B ) A R s i (A
L

AU E N FEE R, DAHAR T B2 R R, B AR I L 2R ORI, BRI S
R W B 52 VDT 338 P T AR - SR A 1 () B, Ay Y L g R R AT R PP AR AR B A . R
SCHL TR E AR BHIRAL R, R A S I S AT Rk B B IS S

2. MRER=E
2.1, gk

(1) RGP

OB ED A KT A RO RA LR A, 18 B IR 2

QUEREDFIE: W E R LRSI B RS TR LRt TH. %, &8RHE
V) [ 25 0E N s A A T M DX T AR

@2 A1 7% TR ok e 27 70 G AR I A B A2 72)

(2) BRI A=A R

ORGE A (L AR TR Y TR A IR AR, A2 % 200 12 cfulg);

QWAEMERIGRFE MR, FEEMARAR AT MEFATE. RS2 MrE. RE
- OORTE. B P B, A ROEWE > 100 12/g):

@Y R RF(EE AR A PR A /)

@Rl (F Z AR E R A A);

® 1A B R A% 300 42 Fict i £ g 11 71)

22. WA

2.2.1. BEEHAOHIZ

REERI T N: 1kg M2 TH KR, 30 g MR, 29 MEZFMATE, 10 g MAEWREN, 29474
g, 89 RIKEE. 5 15 L KIBEIA, KRAWHENERUR R EE, KIFRIGIEE N 30°C~40°C, K%
i [E] 30 d~50 d, J& 1592 67 mg/mL [FIAEY) K BE -

2.2.2. REERARNE

W IB A AT il T M BV R (M b = T3)a b, v 1 kg, iR I LR 5 AN b A,
HIFH G T A D B s i, xR T6 AERHPEXS IR, T7 MR E e, BRI 1, R B
IRFEYy 67 mg/imL. FFAIH LC-MS 73#r 1 & KR HIAL 22 B0

TEMERAF VAL 100 ml, JREALRE LA 4:1 R 8 KBBR8 24 5 VIR 15 420 50 2 R R 3EA T
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Table 1. Experimental groups
F 17 NLLE

b3 REER

T1 wE

T2 WE + ity

T3 WE + &M

T4 WE + %1t

T5 wE + TH

T6 41. 7% BRI I i 2= 77 (0.03 mL/Hk)
T7 B4 H SR K

2.2.3. TIRERM R REENE

A FAS I R0 B (R AR AR A R A 0 ) Rl 4% 25 - 38 G L & 5 DA B IR IR - 438 R G
BRI

pH Kl: FREX 10.0 g T30, BT 50 ml FIBEHR b, FEIA 25 mL /K, #2585 ) e F 9
PEgs, FIZIHHE 5 min, SAEFRE L h~3 ho JEIEARIERL ) pH TF NRFER R, Ariscdichase JF i pH.

2.24. EEEBRLS M

U P SLIREATE 4°CHME T AETR, ARVRJEREAIANE 1 min, JRGIA]; H#BIUE EEA
T 2mL BB, Wi T4 B35 N 500 ul HYREIE VR BT f5 BRE A 1, i iE 1 min; 12,000 rpm 4°C
B0 10 min, HUADES BIEW, HR R 2 mL SOE Y, WRAE TS HERRIIN 150 uL80% FH /K T i 1)
2-5-L-ZE AR (4 ppm) VAT S vARE Ry, B IS W0 0.22 um JEEE, SRR BRI S, T LC-MS
iRl

RS i ACQUITY UPLC® HSS T3 (2.1 x 100 mm, 1.8 um)f&ifi k¥, 0.3 mL/min fJ¥ii#, 40°C
BRI, AR 2ul. IEE TR, WA 0.1%F R Z K5 (B2 0.1% FFRIK(A2), #fEHEBifE R A :
0~1 min, 8% B2; 1~8 min, 8%~98% B2; 8~10 min, 98% B2; 10~10.1 min, 98%~8% B2; 10.1~12 min,
8% B2, fiE I, BN LG BI)F 5 mM FERELK(A3), BEEEGEHAE T ;: 0~1 min, 8% B3; 1~8
min, 8%~98% B3; 8~10 min, 98% B3: 10~10.1 min, 98%~8% B3; 10.1~12 min, 8% B3.

G AR B B UR(ESI), IR R AR AR . BB B Ry 350 kv, BT
ZHLEAN-2.50 KV, #4540 arb, HHBN 10 arb. BAIERE 325°C, LLor#ER 70,000 47— A FH,
— BT E 100~1000 m/z, K HCD @17 20345k, fbfERE= R 30 eV, R #% R 17,500,
KRG THT 3 B FRHATIHERL, AR RAHNEHRR BB L E M MSIMS 5 5.

2.2.5. HELTE

RIS HAEIIZ H SPSS 22.0 #AF /AT AR BE, T Se i 58 B kAT B R 3R U7 22 43 T (ANOVA),
Duncan’s £ 8 HBE AT B0 1 1 80 22 7 i 2 Mo i iﬁz%&1§ﬁﬁ$iﬁfﬁ+$T/’ﬁwae(mean+SE)i'%m, p<
0.05 NZESFEE . 4 SLIOFEARFRTI FIRFAENE 7375 PREAIT R, il I S R A i B AT LU
e, scBAREm et ER%E.
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3. HREHH
31 HERREAXEERX LR pH. BHRKNFNE

WS NS AR EBERR R AL FE T 38 pH. GHUR WK 1. K 2,

i 1A, SORACERRTAEL, ASFEACHRA N 5E pH B A N M. Hrb, TR pH BRI, N
6.91, " [FME A B oK, BORACFRET R % 10.95%, HR AL FR A% 71 5 00T 73 5 SR AL 3 HT T B 10.05%. 3.86%-
7.34%. 5.41%. 7.86%. 6.18%, T PRI AR/IMRKIKATL>T2>T6>T4>T7>T5> T3,

I 2 7, SARCERTHL, ARECEY LRGP EEAE. Hd, T7 AR S ERE, N
37.92, HGINMERE K, BARMEERET EA 62.75%, HARAERAFRET ST 5 R A FE ET EFF-17.68%.
—14.25%. 28.07%. 18.63%- 39.36%. 27.51%, _LFHiEEK/MEIRN TT> >T5>T3>T6>T4>T2>
Ti,

32. ABRHREARERN T REENH M

ANF A BRZH R () RIS AP W 2 e, BRI 2.

TEHIENREE T 1H, 52 AT RRALAR L, AR AR B H IR BRI MR AN ] . b, T4 MbER I+
BRIR BN Vi, HUE PRI S 9782.89 Ulg, B0 X A ZH 35 4 =) 58.82%, HLA Ab B 4H 4 i J ot 7 43
WA X IR 4R R 20.90%. 12.52%. —4.50%. 47.50%-. 30.91%, T2 AbFH T () 1358 IR BB 1k A 1K,
BEARTBR CK A AR AL FR A, 5% A P %oF - 458 JIR AR 1k e i K MK T4 > T5 > T3>T6 > T1 > T7 >
T2.

I e sbreny @ T L] T2 ] T3
g T4 [ s [ o [ 17

ab ab ab ab

AN Ak 2R

Figure 1. pH of soil under different treatments
1. AEICETLIE pH
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Figure 2. Organic matter of soil under different treatments
2. FELETHIRBENR

Table 2. Soil enzyme activities under different treatments
2 2. TEIIET LIE/EE

T+ RS (U/g)
post]
iR WG A
T1(HE) 7447.02 + 309.83° 492,58 + 41,02 0.0746 + 0.0026°
T2 (FE + ipis) 5882.06 + 515.90° 515.32 + 27.88" 0.0852 + 0.0028°
TI(WE + L) 9085.22 + 377.69° 598.89 + 28.30° 0.0954 + 0.0047°
T4 (& + %4E) 9782.89 + 208.23" 383.71 + 51.40° 0.0704 + 0.0028™
TS (8 + TH) 9370.45 + 197.01° 563.99 + 15.88° 0.0684 + 0.0048"
T6 (P CK 41 — fh2247) 8063.75 + 318.68° 572.31 + 45.29° 0.0939 + 0.0045
T7 (CK #1) 6159.59 + 200.56° 564.31 + 31.63° 0.0841 + 0.0046"

Ve [RIEEE 5 AN R 5 BOR 22 57tk 3 82 7K1 (P < 0.05).

SRR T T, 54 X RAM L, AR AL F - R RS M AN A . b, T3 AR
(1) W T g 5 P e v, LS 1HEIA $1) 598.89 Ulg, s AN HEZH 2 151 6.13%, FL AR AbF2H 4% 11 J5 I 43 Al st
2N IR IR -12.71%. —8.68%. —32.00%. 0%. 1.42%, T4 ALFEF [ iErERGRE (G, ST
FORAH, & AN A B Al 5 P R MK T3> T6 > T7>T5>T2>T1 > T4,

- IRBEREE T, 5 X IRAM L, ASFEAC R IR R RS M AN A . b, T3 HER
() - R B W v M e, JLVE RIS 3 0.0954 Ulg, 5075 FIX 2 B 3 52 5 13.44%, HRM B A Tea 5
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I 4 S A 25 1 % B ZH 4 —11.30% - 1.31%. —16.29%. —18.67%-. 11.65%, T5 ALFH R [ I9efk ik i iy
TWEVERAR, ST R T4 SRR, 5 b3t T IR BB A G R 52 i /MK O T3 > T6>T2 >
T7>T1>T4>T5,

3.3. WEBKRERR YT

X8 R BROEAT LC-MS IS I (LA 3) ARURAIN, ¥ 5 A It 3 e 3] 857 MU .
Horp, WE KBTS RKER R LHATEY . &RRE. KRRFLED.
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Figure 3. LC-MS analysis of volatile components of Enteromorpha prolifera

E 3. SFSEE AL LC-MS 4347
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FUBIE 7 G AL AR 255 B SO bn Al E SRR 5 4, AR TR K. @R 2 FEE
THEAERG IR A D) 2 BEVE R RIIN IR 4R 49 T 3R, JRAUIE . AR 2%t BIRAS RGMBIR0]. A
W T AN TR AR B i x4 3 PR T B RE AN [, AT e A 2B A ST TRD X AS [ 97 20 1) 7 SRA ) i AT

4.1, HEREEX I pH BRI

T3 pH B RIRAOERIRE , RFEMAEY A KK E I REMERER, — BRI RE E A KK 13 pH Oy
6.5~7.5 [10]. ¥ 45 REW], AR LA L% pH B AT T, HHEEYMEEEZN, A TE
AR KE, XSXGFIR210F FERA A 55 +35 pH BRI ES FAH — 2

4.2. B REEX TIRBA Y RRHI R

AU IR B A R Iy, AU S B2 DRI AL ) R bR, B REE KL TN
BEAE TR & TP IR 0 I SRR, FLO IR 2R L b P L MR @ SV S5 fiebr A A AR [11].
AR TR LR & BRI A R =R

TIEIR R I AE AR TS MU0 T ZORIR . AASBER S5 R, AU & BREE
I TR ER T I, SoRACERRTALAILL, 2 O IRAL R A LR & B S8, i E AR T1. il
FE AR T2 AU & 2T R BRI, & X P 5 00 R R 7T e 498 pH {8 [13]38d 5 R
PRAEDNETE S IR B, BT S AU SR, ARSI & (R A LB R, K
HFA A SR PT R RE R

4.3. B R B T IRERE T RIR M

TIRE AT PR A RS IERA SRR, B, FAbThfe, Zvrir TIRAL I — B2k
bro HARAPCE PSSR W5 A B SR 3 IR 2 5, DR SRR TV D 55 59 L Sk R
71, SR IR BRI AL RERRIE[14]

TIEARBE B, KR Z AR ARIR,  LME TRV R CR I [15]. WFFERMIER T T2, K
ARACFRA I DRI E P B2 v T A IR T7. LIRFENERE S SROGFN, BENE-L RENE 20 ik oA LI SR
TR AR I [16], HAEAL ™M) 5 IR E TR (AU & BEEE) S B AEY B & 3
SR ERENCR, 2R IR iEtR L — . Aulla, T3 MEEREERETEE ST T,
SRR IR P = T DU R R IR A B ROR LA AL R, R A LB R LA
MM B E R M[17]. T2, T3 WREE S E T 77,

H T A b PR o R AT MR 2 TR SR A M AR T R R P SR 8 A B R A 3, e
R ol AR e A8 ™ 2% T 791 8 7 1) SR b T R R B R R BC AR, XA B M
T AR S LN B AR BAT AN B, AR 2 4

WIS KRR AL B P A AE — SR AR BRAL IO RERE B . EIRIHK T R IS 0L, T RER AN
TEMIAE RIS LR TR 2y, ORI (1 T 3R M /730 B R IR 51 1 - X 518 L S5 [18] (1 7T
SERARAL, AT B A S PR i 7 3 SR SRR PR R DO M BRI B

AWFTERY, ABRAE AT DOB RN EFE R, $8 AR A S SR 45+ L, 45
FARUR 30k A R A, ARG TN 52 [19], DAk LIREs . B E 13, AR T4l A0
HE RN LA AERK K T [20]o AT TT B AF & R BB R A N 2 1 SR &4 SR, B A
SRR e IR T P2 P S i BRI, B MBS R T A B U HE B 5 B0 3R 5 TR 1 RO S
JS2HE TN 22 16T TRV BEAY: ff BRG] B e b ity 5 AN ) A I VA BELZE X 3 PRI 52
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IR 45 KR, W E R B A n E A A A FIRE R R, B RERS BRI L4810 pH fH,

TR A HUTRI, RIS fede i T3 b IREG . RERERE . BERRARDOVEYE, AR T e LR
Il E A

B O

W VL RBEBOR 57 fh T R (L A B BB R T H 5 SR K S19098); SR M ITE“£ e AR

T4 Y VR 2R M Y I ) 4% 5 T RS T R B A SI2 6 58 2018 4F B T TR 577 965 25 THR IR 23 i ) oy A {3
FUMIHE 7 (2018FZSKO04); A A% bR K 27 [ 5K 8 f SIRB6 =5 2017 4F TR A @ “ W v hE DR FAE iR £ 56
A B N ST (SKB2017014).
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