REERHE R 254
Journal of Tianjin University of Science & Technology
ISSN 1672-6510,CN 12-1355/N

Aiint L

(CREPIBORAERD) MBRE KR

A - AR B -1 SR T MG R /N B SR A KR B R O RS R

= MENAE, MRS, 2, kbl BAE, JH

DOI: 10.13364/j.issn.1672-6510.20250049

Wch H 3 2025-03-14

Mgk HiH:  2026-01-29

51 R MHEEE, FEES, 259, skbisk, @77, JFE. SME B - R 5 ia

TANESRAKR B AT B SR [I/OL]. RIEERHE R .
https://doi.org/10.13364/j.issn.1672-6510.20250049

@NKit s

www.cnki.net

PEER: (EgER TR, FtENF B R ER TSR ER. Hoefa. B0 e
B ERERBNACSHE, HIBSRTITF. EmAad AR, HERse e A e i i
TR CRIEM L LI HERUE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
DR T E R 2% R i, SRR — kAT, MBSO SO H & . WU AR AR N 2%,
AL BT R R AT A B S B L

HERBA: 400 g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



2026-01-29 17:17:37 https://link.cnki.net/urlid/12.1355.N.20260129.1322.007

ABBMAREER

Journal of Tianjin University of Science and Technology 2026

2026 4F

DOI: 10.13364/j.issn.1672-6510.20250049

SR p-RAREN T EME T NARERL MM ~ER/Y

M A Y2, HHEEIC L, Z=#E2, skfiom 2, @E 2, BFEgR?t
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TEE: A “Gth 257 A ERMARM, RAEHRFX, RERE. PAE. TETF IMLBEASRE, AEFH
KA, R EFKE I B-FI RAB N F A AT L ATIRARK I, MR B4 G RAERA SR F 0, M
o B R AR L RIATFREATRIE, SREN: ABETIMALHT, REOLYLLFRETEE
¥ A & F YR E AR SRR AR, 3G SR T R 698 AR F L AR B K F 6.30%, B E I A T IR 4E( 3 An 15.89% )
AUk E C (3 583%) 4% (P<0.05) , BIKTEMEAMMBRESE. f-HRMET R HFNEBETFHas )
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KR KB DNASE: pREIERNE AKKE: R R

FESHS: 56343 XHRFRERD: A XE4S: 1672-6510 (0000)00-0000-00

Effects of Exogenous £-Glucan on Growth, Development, Quality and Yield

of Brassica chinensis L. under Drought Stress

QU Lijun'?, TIAN Guiying!, LIPing?>, ZHANG Yuegiang?, BAO Wanjun?, TANG Na?
(1. College of Chemical Engineering and Materials Science, Tianjin University of Science and Technology, Tianjin 300457,
China; 2.Tianjin Tianlong Jiangda Biotechnology Co., Ltd., Tianjin 300457, China)

Abstract: The Brassica chinensis LLukuai 27 is utilized as test samples, to establishing three soil moisture conditions (mild-,
moderate-, and severe drought stress) with normal water supply as the control. Root irrigation treatments included pure water
and three B-glucan concentration gradients. The effects of these treatments on Lukuai 2*were analyzed to provide references
for yield improvement, quality enhancement, and agricultural water-saving. These results showed that under mild drought
stress, irrigation with 0.1 g/LA-glucan significantly increased plant height with the promoted chlorophyll synthesis and net
photosynthetic rate, thus increasing yield by 6.30%. Also, soluble sugar and vitamin C contents increased by 15.89% and 5.83%
(P<0.05), respectively, while soluble protein and nitrate contents inversely decreased. Therefore, g-glucan alleviated negative
impacts of mild drought stress on Brassica chinensis L.,enhancing drought resistance and its yield and quality.

Key words: water stress; Brassica chinensis L.; p-glucan; growth and development; yield; quality
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BRI, BARARG 7K J3 B 0 A A 2 7 A i B DA R 520,
BA T B E .

/WNAZE (Brassica chinensis L.) {E RN EA L1
AEERREAER, & &My R R, HE
KIIAKE, Feam, A2 % M S R RS R A
2Bl SR, /N BRI R R R R K o) 7 SR AT I
X B EUR, R M E RIS B B N R
20%~30%L°). H B @i SMIEA o5 B s E PR A
CLRCARIF TR s, e rh 220 S Joia R s 1) A 2 1
IR 2. SR LKA s R
Wi SR OV TR AT B R AR, AMRTR INRE AR Ak
85 OO, ST EY I EE Y, AR M e
M RERAEMIAE K R G2, g R
R A2 b, EREER R R EM, 6
SRS, 2 5 m R sht S AL 7 TH &% E
BAERUS, (B2, AKX D, HEEERE
FEVEY), MR ICH A/ AR RSt 7o i DL kiE,
B FEHELE /N ST R R B AR ML AR B . DAL,
AR FE IS N ERRSLLR, KA AAFREN -
] SRBEAE B P T B bhE o SR AE KR B A R
FEE R, BT R BT B R  F e B
WAKHR, AR RSSO E R Se e 2%

1R

1.1 KEG#et

M/ NE 3 (Brassica chinensis L.) A b [E
RN RFZEBERF R “ER 2 57, Z SR i g
P i R, R A — A R -
T S R S8 = A T R R BRI I A A SR
B RN B =90%. ME EA N E AR 120 mm, R
142 90 mm. 55 110 mm XUl . ALk A&
HRE, T EHRKERFEFHEYRHEARAR . Hl1
BN ER A, W E LR RAEMREARAR, Wi
KT a2 H o
1.2 W

ARSI AT S0 = N T, B H R A 4k LED
ITAMEG 14~16 h, = WIREEHILE 22~28 C. fEHE
AT 1 R IE R SN AE N, (6 AR T4 T 2
0 4em kb, H B+, BEAE 4 g(900 kg'hm™),
PLERIE /N F1 32 0 IE 3 7 TR

Phik g, L. KE REFR/DNEFEMT, H

AR#E LTS R

0.1% M E/KH G HRKIRIE, 2. 2024 457 H 2
AR, FEMERE N 1 em, &I 1R, FE498 2
T, BT 1 M. MIRRHERNESE
KEF 15 RN, REIEFMK R SKE
75%~80%) o FE/NEARKEL 15 R FAa8E, 5
PR 5 (T, X EKE 65%~70%)  H1EE
T2 (Z, TR KE 55%~60%) « 5T 5 (H,
LIRS E K Z 45%~50%) 3 Fh 33K /0IRAS, 6L
IEHHEK (CK, AR KR 75%~80%) XTI .
TR R, ®E 3 MK B RO
(0.01+ 0.1, 1 g/L) FIJEKEEMEXT R, BARSLIG T
LEIE B
RIKDPEEHR

Tab.1 Water management scheme

AP AR A KR HEWLK A

CK 75%~80% K

TO K

T1 0.01 g/Lp-7i 5 Hi
65%~70% )

T2 0.1 g/Lp-Hi b

T3 1 g/LB-% S b

70 TEK

71 0.01 g/LB-Hi A
55%~60%

72 0.1 g/LA-7i FEHi

73 1 g/Lp-7H FhE

HO TEK

H1 0.01 g/Lp-7i 5 Hi
45%~50%

H2 0.1 g/Lp-Hii b

H3 1g/Lp-71 bk

SEIGE AR PR A RR FIE AT K A%, R 1 H
AT, AHAT P OPR 22 E B b K &7,
AL A7 2 A0 B ZH A AR N 5 7K AR HFRVE N

DR ) 2% A0 B - SFAEEKR, # R (D
THEAMNEKE CAM) .

Am = My, X Wee X (Wtarget ~ Weurrent ) )
ﬁl:lj: mM ygiﬁq:ifﬁ%’ g; WFC y‘jBE] I‘EHT%%7J(%7 %)

FIRR (2) 5 Wy g B Wy 2 H A8

(E D R N S T VT b £ D Ry N < o7 £ D B
(w) #L (3) 5.
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my,

w="""w . 100% 3)

My, - Wee
He: mg NS ACRE LR E, g om 4T
TR E, g.
1.3 MEFE

TRAGBE, &S dIE 1 REINE R
s R R B ERER AR R (soil and plant
analyzer development, SPAD) FlIIM: 1%t & ik K,
WK B U 5 25 AR B /S ISR AT i R o L VAR AR
A&®. 4R CHR. MRBESRA R,

PR BRI RO /) 1 58 2530 38 T 1) R
B, RRRAREE fE %R S bRIE, BCFHAME.

e AR KA CIRAS-2 BE#ER A
VERIEA ISR B2 11 SdsE, Sk 3 Ao
RRFFMITIRe, H PR E TR, PR e
Je, ETEM L AER (Pn) , B3 ThREMF 1
B, SANAEFERAERE 5 ¥R

It A SPAD: I Fi SPAD HJIllE 5 M Frid ot ik
FKME D, F SPAD-502 M4 = AE .

AR B RRE . A SPAD A Fr ik &rifi
FeAn DU 45 o fa HEAT B AR IR, FH L7 2 AT R PR
NI SREE TR AT PR, AR 0.01g.

P AR 5 AT R, 4l EIEL
Hh SRR E, BCPIMES.

AR TR AR R R - R A LS s T v M
&, K D= G-250 WEUONI E AR E A
KRR EPgER ¢ S8, RABREC
J ik e RS R h A By AN AR BRAR I E 3 ik, BT
BIME
1.4 BRALTE

KH Excel 2013 {347 808 543, >R SPSS
IBM2 A Ge it b, AE/NG F RN 7 2 7 B
# (P<0.05) , D5. D10. DI15. D20 43 ErT2
Fop 8 IA B SEEG B B FEEE JS 5. 104 150 20d.

&
E=N
=,

2GRS

21 FEWET p-ARENPAKEKL BN

R s 1 SR AIE /) 9 536 A K A MR v At 2
HAEJE AR, HhA 2T B R AN F AL EE 47T
PR ANFREE B -Hi RAEE O T R E T /NE
SRR R RIS LR 2.

M2 2 AN, S-SR AL B 5+ R e A
M EAEH R Rtk A K. 5 CK 4UM kL, TI.
T2. 72 H/hBE5T e s & Rk e m,
T2 % To. T3. Z3. HO. HI. H2. H3
AN F ST M S 25 I R] R e 2 S5 A, EEE
T5 (H R 5T Pk B FL R e e i ia
FEAIERANE], PR FFIEIE 15.9%~18.6%. J@IT4L
PR AR 5] ORI 3 B BE () B- SRp T 7 A7)
RN 5 TO 4L, T1 418 T2 4/ E3K
PR R 252 2 0, T3 40 B 2 PR 5 Z0 4LMH B,
Z1 A 72 DX AREIRR SR E RN, 73 d4Ei
BRI Ve WRAFEE IS 5~15 d IRRRIFEAS, 20 d &
EREAG: 5 HO AAHL, H1 4. H2 41, H3 43R
FEER.
®2 TRIRE p-EREF RN TEMET /N ARKSHIF

i

Tab.2 Effects of different concentrations of f-glucan

solution on plant height of Brassica chinensis L. under

drought stresscm

ZH 531 D5 D10 D15 D20

CK  10.3#0.5> 156+.0¢ 22.620.9° 27.340.8P
TO  9.9#0.4¢ 14940.9° 21.840.8° 26.140.8°
Tl 10.6#0.3> 16.140.8" 23.0+1.0% 28.740.8%
T2 13.340.5* 1824058 23.940.5% 29.640.42
T3  9.740.4° 146403 21.2#.0° 25.740.8°
Z0 913059 1344079 19.630.7¢  25.340.7°
Z1  9.840.4  150405° 21.840.5¢ 271409
72 11.3#.0° 16.2#1.20 2294090 27.6+.1°
73 882049 13640.8' 1913069 24.5+0.6¢
HO  85#05% 124#1.1° 18.240.6° 23.940.5¢
HI 882050 129#1.0° 185#1.0° 24.7+.1°
H2 8920.8¢ 13.1#.1% 186x+.1° 25.140.8%
H3  8.340.6° 12.530.6° 18.140.2° 23.41.0¢

S5RELH], AN B EREY 0.01 g/L A1 0.1 g/L
5 R G fift e P - SRR b BT R e e SR A K
BRI, BT R TR 0.1g/L 8- SR A REE XL
Rity, METRERMRL, FRZIREE K
SR ARG B4 N AT e 8 O AR R K PR A AL
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AR#E LTS R

SPAD {3 P4, 5 TO 41AHLEL, T1 411 T2 41 SPAD
e, T3 HEEREER: 5 20 HHH, 22 A
/NEER F SPAD R EIIN, Z1 AN 73 AR E E
Ft; 5 HO HAH L, H2 20/ F 381l SPAD 2 18 1n,
H1 fl H3 LR E R

SRR, BETRMNET, H0.01g/L fi10.1g/L
AR B8 SR AR B, I8 I O SR R R AP AL, TT LA
ARt e R e, BN 0.1g/L 1 g3 R HERL
Rflf; ERE. bE. BEETEBOLET, H
0.1 g/L AN B0 S HE AL B, B0t/ (324 KA R R
i), 2 B0 S P ] BB BT SR I 5/ SR 5
PER I ACERE, FLHLHEETT A8 5 2 RS PR AR 5e B K
VS A A G

Bl TERERE f-ARERRNTEMEB T /NB3RMF SPAD HIFZIE

Fig.1 Effects of different concentrations of f-glucan solution on SPAD in leaves of Brassica chinensis L. under drought stress

2.3 TEMET p-BRFEN/ A EFLEREN N

AR (Pn) A2 S WU 0T 106 358 F 3 (1) )
DA S e TP e T B A B AR AR, BRI T
BT R R [ AL RE F0 o AR IR B~ R MR
TN 5 i R /s S i i G 2R ) 52 an 1] 2
Fiw o

ME 2 AT AR A e B T 5 p il ,
/NESEM A TR R G MR R e A%
R, BEAE B SRR B B3N, N E S Es
WEEIEAEERENES. 5 CK 4, T2
H/NAZEM AR B E N, A 11 A
HAhEm EotE R E S, H Z /YA H &R
HIRLFE LS S B . 5 TO ZHAHEL, T1 4180 T3 41/h

ISR AR, (HAMLREER, T2
HBMEZE, 5 z0 HMEL, z1 48 23 HANAEZEH
R A RN, (HARTEEEER, 72 ANE
FWn; 5 HO AL, HI 4R H3 40/ [Asem g
AR AN, HAA T = 5, H2 B E .

SRR, ANIR B FRHELE 0.01~1g/L Y N3
AR T S ARG E RGN, Hrb 0.1 g/L )
BE MR BRI ERET RE % T, 0.1 g/Lp-
HRPEA R T E/N A EOE AR . X IR AR
PEORF AR T RS -1 SR M I8 3 R el LA ), 3
5 Rubisco B 4 DA S i i 75 S FL S Z AR AL CO, [H]
T B Y R R,

El2 AERERE p-ARESRNTREME T/ NARH LG RRNEMN

Fig.2 Effects of different concentrations of #-glucan solution on the net photosynthetic rate of Brassica chinensis L. under

drought stress
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24 FEMET p-BREN/NBREMENE

T ) A= ) AR S R AE A TF) Ak 5 4 5 7 T ~F- 4 17
KB, HR RIS Ko Wil B A v R sk .
ANFEREIRIE AR RPN T R a7 [
A AN R R s an ] 3 AR 4 BTR .

FHEE 3 AP 4w, RERREE T &S TSN AE
Vi O E RAEFE bR, B B — S M. BE
HEIEEKERE T, HfRESE 2O
TN, BRI 43 TR M G A e R 2R ) SR T
EF . MHFEITFREBEET, /DNASERNERES T2
SR TENE R A3 0, RIS 0 vk
B, R BB E AN . KT R B
(0.01g/L) , BT ERDHRA, 40k

RS AV R RSG5 BUEEREL (0.1g/L)
W, IRRIERAEYE . SRR T R EE N
BE: mAEKRE (gl B, HIREHH, T2
Ji o e e vk R R

5 CK ML, T2 4/ AT F i ja % B
B BT RSN, EEEFEER, Hit 1
A Ak R 2 B AR /IS 1 ST 5 A0 i 5% EURE PR o
BMTRE, B T1AHLEZFRFRRI, BB
REBEAR. BRI, T2 20 I AR RR A ME RN,
S -7 FENE AT RE IR I R A S s T i T 5
Wi, & REK o B BC & e i 4- 1 SR B R T AR
AR FAI B 7 BE SRS

B3 TERERE p-ABRER R TEMmE T /Bt L EReE RERFI

Fig.3 Effects of different concentrations of #-glucan solution on the fresh weight of above ground of Brassica chinensis L. under

drought stress

E 4 FEIRERE f-ARERA T 2B T /B3 L3 RERFNT

Fig.4 Effects of different concentrations of f-glucan solution on the dry weight of above groundof Brassica chinensis L. under

drought stress

2.5 FEMET p-BREN/ AR EMEFIERM
A

AN RS B RO T R e RN A
B RR LEE 3. tHER 3wk, TERpNg
PN A S B AR BRI . 5 IR R K (CKO
L, BE (TO) « B (Z0) MEE (HO) F7
AL TR 3 A 77 B A 5.25% 8.19%F1 14.37%, W]
TR 5B R R IR SNE - R
RUGEAR 7 T 538 () F i s, R B TR A

Mo FERETREAMET, 01 g/L (T2 41) AbHfi=
B CK HEERE 6.30%, 5 TO 4HTT 12.19%:;
TR, 1x10% g/L (22 41D AP 70 i
7.08%; MEETET, 1x10* g/L (H2 4) hbFig
HO 41347 6.55%. (AfFERNZ, mIRELHE (T3
4D fERETF R ARRIEHBAEA, B L] BeArE7E
HROE IR FE R

T 5 A 2 R TN SR B E R R R AR . B
BRI, AIVETERE (IR 4.64%~17.22%)
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AR A (BEIE 4.49%~16.56%) FIfHEER L (FRE
I 0.74%~7.50%) & & 2EW LIEs, mgEd
R C 5B F% (5.97%~23.75%) , X5HWBER
] R AR AR ARUTEOE B A O . p-1 SR BE AL HR A 2
MGEE T IX— RS 5T RS R R
(T2 2. 72 . H2 1) 73 5IAE v 1A o B o0t
F 2R R 10.76% 6.02%A1 7.34%, [N CK
I 15.89%~25.83%. T2 ZAE4EFF12i5 Y RE

T, 443 C SRR CK Hitm 5.83%, &K
TO ZHEETF 2.28%. T2 4. 72 HA1 H2 4HhSiR h & &
BN BT R R AL PR 5.8%- 8.18%F1 3.91%, H2
MY CK AL BERIEH EF (3.29%) , {H &M

AR#E LTS R

BAK. WEMEERENZERMmE, 5 CK 4L,
T2 1B BEAK 5.99%, 10 Z2 4LA1 H2 21453 Bl i 3.44%
F15.42%, TIEES A AT Fa A N A AR IRE R e
2R Ko

ZE LR, BETREXMT, 0.1 g/L -4 Kb
AT R TE /N R SR 5, X L Tl g
VT B0 5 R I o Y e 4T B ) ek A R I, RN
BEHUAIEE R G AR R R
AT, 0.1~0.01 g/L B8] 50 HE W FL AR Be o4 e A
a oL, (R FLAR AR RN AR B A AU R Al T 5 2 0] R
ARKIEEIER, TR ERE R 0.1 g/L 5,
PEMgEER C SR LT,

R 3 TERERE p-ARES RN TREMHE T /AR~ EMMmRAIFT

Tab. 3 Effects of different concentrations of f-glucan solution on yield and nutrients of Brassica chinensis L. under drought stress

Hn R (gtk)  FEMERESE% AIEMEASE (ngy) 4ERCEE/ (mg100g) MHREEEE/ (mgke)
CK 17441+4.11°  151+0.01 11.35+0.13° 7.20£0.17° 1214+27.32
TO 165.25+4.54°  1.58+0.01 11.86+0.14" 7.45+0.13% 1223+28.22
T1 180.23+254®  1.6640.02° 11.21+0.02° 7.54+0.20% 1186+27.15°
T2 185.39+4.01°  1.75+0.01 10.67+0.38¢ 7.62+0.03 1152+ 26.03°
T3 165.27+3.12°  1.76+0.02° 10.86+0.03¢ 7.60+0.04° 1162 +26.23°
Z0 160.12+4.34°  1.6640.02¢ 12.47+0.11 6.77+0.11° 1283+21.33¢
Z1 16824+353°  1.69+0.02° 12.05+0.21 6.79+0.23° 1203+28.12°
72 171.45+3.34°  1.76+0.01° 11.74+0.15° 6.81+0.13° 1178+25.22°
73 162.78+2.66°  1.854+0.022 11.89+0.07" 6.81+0.02° 1296 +25.54°
HO 149344323  1.77+0.01° 13.23+0.10° 5.49+0.13 1305+22.212
HI 157.25+4.86%  1.81+0.02° 13.02+0.13 5.51+0.15 121242545
H2 159.12+2.68¢  1.9040.022 12.43+0.05 5.53+0.13¢ 1254+30.16%
H3 152.09+3.15%  1.98+0.03 12.78+0.07% 5.51+0.14 1247+ 26.66®

R ANNASEEMIEEE 45 RBGEE 5.
3 g

AR FUR B, /I S AE A KO R A I 2 il )i
ESEUINI ES iy N Y FEV R /b DIIE S E S
HAMH TANASRAR, REE R, AR
Wy, BEETRREEMME, hEserke. EYE. o
Ji SPAD. 6 Aid R B HERHE S . B
BN ASAETH . HERECERES Y. SR
E2 L TINVS3 e v S ERS AN E Pt 2 AP = 479 %0
Z W AT LA ERD T (0B R AN B A, TR /b
FISCIIPTRPERE, (EREA A K, soh, EAH
TUR M Wl F] 0 RIS, N H SRR E I I SR

ANZAEPEDOL, (bR AR 2R IR HACRE 70 R R A1 T R
B, 3R m P ERG 10, s Em &
AWFORBL, EEETRHEMET, 0.1 gLp-H R
TORERR AT 52 THH - SPAD Aot G 2, AT KR
fem /NSRRI R A A R, SEUE ™ 6.30%. TikE
& BRI RORE g, NAsbkm . A
. MA SPAD. i EER, PR R T A R
IS o JX AT RER H1 /I ISR AR 52 31 IR 22 A
TEAOREE, InE TR RS E A R
FASCHIT FEA Y, Pt T 58 i i1 35 R T LA /s 22 vk
T AR Py BT A 400, AT f B 45 2 $2 7104,
Tt e TR, AT 2 5 TR PR RE T, 2
T SR FOR AR, S0 R B o, A
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