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RGeS S T SHHA T AN P AR RO AT B R e 4 v R (R

W AN EF M AEKKE, THEAEEKKE
B, RN AR ZR AR, G R X e
2R SNEY TR RS m AT R IR TR
[IESE R ke SN PO ey 5 S Ci A Yoa IR )
A R AR B R OE D . LU R G i )
@Y AHEFCRH PEG-6000 BT S8, 455 AN
WA LR R BV AR B, R 50 IR K 3 M B e
AN PN AE LT R R NG TR A SR AR AR AL R AR
(R, 3k — s AR A AR BUR B2 = A SRR
PRI A ML, DARA RO AR 77 AR A 0 Y AR
A1 6 388 B 3R A A

I MR57EE

1.1 XBE MR

Al WA BEE AR JTIHE 0-2 (Fusarium
k5 ON495943) 5 G 71 J8  0-66
(Alternaria pomicola, &35 ON500608), HHNZ
T ARMY R 2 2 VAT 5 O R AROAT i (X 2
IrEAifb RS, (R T-80 CHBRIRVKAN . WA
A R A PR R AR (PDA) (Th4 270 4 B ks
FE3£ 20 g, BiflF22g, Z&ME/K 1000mL) K53 7 d.
PR AR B KBRS IR AN Czapek $5970E (NaNO;
3 g. KbHPO4 1 g« MgS0O4:7H20 0.5 g+ KCI 0.5 g.
FeSO4 0.01 g. FEHE 30 g. Z&M/K 1 000 mL). sk
VeV N#ES: (Avena sativa L.), ShFhRN#EER 2 5.

1.2 REERABRNEFMREZMTREHES

WAE PDA 357R2k BEFR 7 d N A HE HFTAL
AATHER 5 mm MRV, HEZEMEBRECEE D0
M E 250 mL HEIRE T, AR S A 100
mL ] Czapek ¥5774E, Rtk E 3 M@, &
TEIRIRZ A 28 *C. 160 r/min BRES4F FEFE 7 d,
TR BRI EE (ODeoonm) N 1 (£ 1x108
CFU/mL).

ML RIHE R G TAEG T, ik
BUFFRLALH . KNSR T, BT T5%C 5
IR 1 min, JERZKIYE 2 X, FEH 3%[1) NaClO
WERHEE 5 min, BEEHITCHEKMGE Sk, SRERM
TEBTEHIEL LT %M.

1.3 R
1.3.1 #EAPF 8 KX

ISR FH /K 8 FR IR AT R P e . ¥ 2
AR AEEE, Sy B IEE K (WWD R 12%(1)
PEG-6000 TS ib# (HD); [MIRFFRILERIN 100
puL B 0-2. 0-66 WA F B KB, LU=
Czapek RiFRFNXIE (CK), it 3 g, &
it 6 M, BANEESR 3 K. BIHEERME

equiseti,

P E T AR AR RIS, FANEEL (HA
90 mm) JHEMERT 30 K, HRFRMET A TR
fEAE PR OBIR 25 C. 16 h, HH% 20 'C. 8 h,
WEE 70%). AR KISBIREE P11 1/2 A
RAnE, 2 H WS R K1 OLFF 0 Fhp R
RRIESE 2 d P R EF AN R EF AR, ek
ML 7d.
132 FEMATIHRALEAANE LB H R
K

BROWEELSHREMTFHNETHEER
2 JZREHEKZIEEARN R F A (13 emx19 emx12
cm) HHEFE, FRFFREE 5~7 d JE, IEEKHE
— SR R E A 35 LA R, &AL 1Ak
T, [RGB ] B AR R R B, BAkE
HHETH 1/4 ) Hoagland & F#IIKE & (1.25 L)
H, KIFERNGRFG S RO,
WERMRRE . B 4 d B 1 ORI, FFIRIRER
5 Hoagland &M EIRE .. B E TR L.
THIR I A = PR, JFORRR 16 h Bl 8 h &I,
TR HFEHILE 25 20 °C, HGIRASE A TEIR.

RIGRK A IR BEHLIX it KL KB
M oy A 3 AT N AR L AR, 43 S S R
(CK, #5010 mL ] Czapek }57:%£). 0-2 Al 0-66
WAEEBEAEE (O H1E8I0 10 mL A BB KR -
EHTRETE 15 d G TN T 2 e, 840
AR N 2 4, —4°N Hoagland &
TR (WW), F—4H A 12% PEG-6000
] Hoagland &7 (HD), 3£ 6 M, &/ MbEE
HH 3 RIS A SR L U 5 % Ab R A A E )
FrE, JFEERE 4 d S84 1 IRE IR T5RWhE 15d)5
ghOR, BEEDHEAT & DR AR I E -
1.4 SNERE EEEERE AR

EM T RS WG, BURFEK S A3 K ok
5PN A TR AL B R 3 2 4 IR AR AR PN A L Y
SEFEIG O T e 4T AR R &0 To B K g
Ji, BT 95%OMENEATRIEE 10s, AETE
5% NaClO &z 30 s, 7 JCH 2818 /K ik 5
W A TC AR K 4, OB BY JJE BTAR R
i, EZMANZ) 0.5 ecm A B, ARIEKAREBETH
£ 90 mm % PDA BiFRAE BRI, BN EFR10L
WIKE 15 MR B, JLEE 3K, 7£ 28 CH:FHM
MR 7 d, WERRPWAERFEEL, Ha
TH& AR BB AR B AR A ) A A R AR e
1.5 MiRiekr R 777%

MRS VR SO A5 R2 FREERI TR R R
FRMRFR, HEATHN:
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RS (%) =REFWIH (4d) IERKEFFTHU

PR 20x100, (D
REZR (%) =RHERM (7d) RHEFFH
BT $0x100. @)

PP RIFLE ARG, WA R BEHLIER 10 #
e, ME M AR K.

KFFRIG ARG, B ECEPEEE 15 thates
AR s BEALEE 9 PRI IR KRR A
41X (Epson Expression 10000XL, HA<%Z¥A4:) Fi
WA S IR RS WIinRHIZO Pro2005b
MERRDKE., MALFIA ., RARLSEKMHA,
RA ST RS B 20 PRELN I E T4 R 48
48rh, 105 'CAF 30 min, 85 CHtTZEIEHEER
BIFL R AR 2.

ARG IR TTC EERY, A B ARG
(SOD) KR IEIUME (NBT) Jgids J7 i & 29,
A B ALEE (POD) SR & B Ay 2 1) 52 1231,
HEMER (CAT) KA AR ERY, |
i (MDA) R E Lz Bl e 127,

1.6 BB

i Excel 2019 LA H L, KA IBM
SPSS Statistics 25 #7774 #7, iEH Origin 2021
XGRS TRAREEAT Z R 70 B (PCAD.
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Fig.1 Infection rate of exogenous endophytic fungi in oat radicle
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A mE 2 Fios. BE 2 WAL, FEIER KA
HOOWW) R, IIANEHNAERE 0-2. 0-66 AbHE
BeE T EMTFRIAFR, HE CK ZRARE;
ETEMHE T (HD), WINAMNE PN A A 5
g TR TR R (P<0.05), 25% CK &7
48.94%F11 44.68% (& 2 (a)). IEH/K/TAEL (WW)
T WIAME N A B A B R M R A R
T CK; TREBHAT (HD), A InAMNEN A B
0-66 A3 CK RN T 41.18% (P<<0.05). 7K
43 RGN0 PN A BB S8 B S 3 ) S R B R 2R R RN
REFH (P<0.001), —HMAZHAERAX M T RFER
BT KF (P<0.05), HBKEZE K527k 2
O (P<0.001) (£ 1),
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Fig.2 Effects of exogenous endophytic fungi on germination rate and germination potential of oat seeds under different water treatments
&1 KRR AeiRAa s RN £ LB R EA T A RAGATRE 77 £ 547

Table 1 Two-factor variance analysis of oat seed germination indexes under different water treatments and exogenous endophytic fungi

5 R REFH JRAR A JiZRS
K4y 925.413*** 1113.507*** 1 554.469*** 959.926%**
IINANIE N A E 17.670%** 32.812%** 39.202%** 114.585%**
IRG3 >} INANIR P A A 5.737* 27.942%%* 1.343NS 1.812 NS

VE #RRRRIE P<0.001 AP RE, *HRTE P<0.05 /K TFE3E, NSERERANDLE, FHE.
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2.3 INERE BRI A EIK S IE T #E IERKFIE
2N

AR P A BB AN [R] K 2 Ak 3T S IR AR K AN
RZEK R 3 s, HE 3 A, fEIER K
45 (WW) IS T (HD), WInshEN
AHBEYREEENT HERBKMRELK (P<
0.05). O-2. 0-66 AbZ KRR AE IEH 7K 73 b BT
(WW) 235l CK 1Y 1.13 541 1.19 1%, fET- 5

15 r
¥ OCK ©0-2 mO-66

K5 b3
(a) BEAREKC

BT (HD) 43772 CK #) 1.15 £ A1 1.36 . O-2.
0-66 A PRI ZEKAE IEH K (WW) AL B R 45
CK BN T 14.65%F1 31.23%, i 7E T 5 i
(HD) R4l CK $hn7T 17.93%F1 42.45%. /K
3 Kb BRI N AR A A TR 2 A . 2 R e R AR A
EZEK (P<<0.001), T 28 HAE X &6 bn 5%
MAEE (R 1.
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ww HD

K5y A B
(b) 2K

B 3 AR KR T AR A A A A A IRAR K Ao R 5F K 69 %o

Fig.3 Effects of exogenous endophytic fungi on radicle and germ length of oat under different water treatments
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Terrrsem e 4 o, B 4 a7, EIEH K
W (WW), 0-66 4bF i 353w 1 M bk s
WETRENRTRE, 2H8 CK T 21.41%.
27.92%F1 30.63% (P<<0.05). TS T (HD),
WINNAEER 0-2. 0-66 LR ZEHm 7 HEKE .
WETHREMRTRE (P<0.05). T5iE (HD)
T, CK MtkEMaTiE GEETREHETRE)

60 a 4¥: oCK Z0-2 m0-66
b
b

E40
S
i
K
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0
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KAy AL ER
(a) PR
06
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90.4
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() TP s
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LRI (P<0.05). HFR 2 AT, 5 Xt
2 KRB ()5 3800 BAR 0 2EKF, RN AR B
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B (P<0.001), XHAR7E LR E#E (P<0.05),
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Fig.4 Effects of exogenous endophytic fungi on morphological indexes of oat seedlings under different water treatments
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A2 SR A LR AR SR A FRRIRRARES, T AR R SRR 2 2 1 O-66 4b
. %f*ﬁ%’i"*‘ﬁﬁﬁﬂfﬁ’ﬂ\*ﬁ . FE, {EFRPNAT (HD), MAMENELE 0-66
Table 2 Two-factor variance analysis of exogenous endophytic e i s \
WEEEMRFE TRARALKE ., RAKEIA. A
MR R RN REIG I, 255 CK
HINT 20.40%- 35.47%- 31.84%. 36.94%F1 59.24%.

fungi and water treatment on phenotypic indexes of oat seedlings
S e EETRE RTEE AU
K5y 50.146*** 277.926*** 63.040*** 36.009***

VRIIAMEAE B 82.082%%% 45.604*% 31404*%*  4571% KRR T Z R (R 3), /KA Wriaf1 A
AKOP><FIMSMNEPIAEFE  0.022NS  0.229NS  0.313NS  1.503NS MRS R MK, BAK L. WAELED

2.5 SNEREEFEXAE KSR T REELSNER R
A1)

ANE N AR B ST AS[E] K 3 AL B R e FE 4N AR &
FRARIIREMI AN 3 s . B 3 a4, 1EH K AbFE
T (WW), WIANENZEERE 0-2. 0-66 A

IR &R A RE 2 2 5 (P<0.001), Tfi/K45
AEEEXF AR R B S B E (P<0.05), WAEEREX
R A B 2 ik B A 2 25 /KT (P<<0.001) . 7K Al
WA F B A BAE AR R KA (P<0.001)
AR R BT (P<0.01) ISR G, SRR

ERFEIRALKE., MAKEEHR. WMALRHE  BHEHEGSIER S Z/KTE (P<0.05).
k3 SRR EEENRE Ky ME T 6% EAR R AR R

Table 3 Effects of exogenous endophytic fungi on morphological indexes of oat seedlings under different water treatments

Koy st 3 WA A KB om RARRHIMIAem? A BRI cm? A B AR em? RRFA
CK 227.54+14.14b 6.50:40.79¢ 18.9442.67¢ 0.190.03b 314.80246.81b
ww 0-2 271.94424.74a 8.66:40.92b 27.2242.96b 0.230.03b 488.17483.61a
0-66 285.21429.71a 9.7040.84a 36.8543.49a 0.300.03a 463.50476.3a
CK 152.19:8.64b 5.0440.61b 16.2522.09b 0.130.01c 271.17430.33b
HD 0-2 161.2247.37h 6.01:0.62ab 18.3942.19ab 0.150.01b 406.83438.25a
0-66 183.24413.31a 6.8240.74a 21.432.78a 0.1840.01a 431.80437.96a
Koy rrx rrx e Frx *
WIMAMIE N L B ok ok ok ok ok
RO >R INANIR P A FL NS * ok * NS

R RIRAE P<<0.001 /K RZE, **RIRE P<0.01 KFRE, *RIRIE P<0.05KFRE, NSERERARE.

2.6 FEIEFREZRSIEIRHER S (PCA)

X Ab B 3 M B R A E T AR BR AT 32
oyt (PCAY Wil 5 Fras, PC1 A PC2 43 ilfiE
BT RRTTZR 78.4% 9.6%, PC1 {RIFHIEASE
IR REBE T, WW K AE B ELTESE 2. 38 3 %
f, HD /K-ACERHILES 1. 2 4 R, WEts
HD /K7 AEBESCREY), MHARIERS S WW 7K 4>
WIS REY] (B 5 (a)); XFARISMNE N A B b
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(a) /KA Ab 3R

PR B M FR AR AT E R i (S (b)) K,
PC1 Al PC2 7 BIfdRE T AT 10 71.7%81 13.3%,
PC1 Fll PC2 435K 3 MNGEERH R 403, WInsEN
AR 02 H IR i K, I IIAMNE O-66 AbFE
SR RGN, BHER. KEH. TR R R
LIRS AR EY), CK MBS 4 RR, 58460
)2 8 R B
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T T 0.8
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b1, 104
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° 066
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Fig.5 Principal component analysis of oat indexes under different water and different exogenous fungal treatments
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T CK (P<<0.05), 58N T 23.54%F1 15.34%.
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WRINANE N A EHE AL PR SOD. POD. CAT JFPER)
=T CK, fETFEmia T EEET CK (P<0.05),
M2 ANEIIANE N A B AL H ) 22 e A e 2 . IR
Ko (WW) R, AN (MDA) &1k
ZRARE;, TREBIET, BMAMNERN A H A

HERLT MDA & (P<0.05), 5 CK #lt, 0-2.
0-66 AEFE 3 FIFEAE T 10.33%F1 9.27%. WK ZE T 2
SR (R 4) KW, KA FIAME N A B2 AR

WF (P<0.05) smxi#edZ POD J5 1A CAT 354k
(P<0.05).
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Fig.6 Effects of exogenous endophytic fungi on physiological indexes of oat under different water treatments
& 4 KpAaiiho s iR A WA R A L S AEATRE F 7 £ 57

Table 4 Two-factor variance analysis of indexes of oat seedlings under different water treatments and exogenous endophytic fungi

S WHREN SOD i POD iH CAT itk MDA &
K4y 52.790%** 88.442%* 172.861%*** 549.134%*** 22.649%**
IS INANIE P AR 18.440%** 25.076*** 40.258*** 30.282%** 4,329*
TR G5 > AR 9 A FLA 0.344NS 1.631INS 4.884* 26.317%** 0.585NS

VB HRRIRME P<0.001 KPR, *FRE P<0.05 /K TFEE, NSERERALE.

3 3
3.1 NEREEE ST TR L B 0

Toft 3 117 e AL A A i S B R S B R B Bz — 28,

252 3 22 77 10 R 3R 1 5229300 Py 52 78 RBOE A IX
AR E ARV AR X, SRR U 2 T i XK
F/b . LTS ZE SN, EEEmA TR, K
W FER M PEG-6000 AALL -5 P N 1A Py A2 00 X
FFHE R, RKBSMENZE SRR O0-2. 0-66 ¥
ReE JEE M AR b, T R Whia R Eefh MR AN A&
FLE B MR TR R RN S, KU
SMRN A B EAR G T fE, WO TR X e i
SEVEBY, SRR T 5 R R A A
AW Z 58K N A R E S 2 k)R8
(Fusarium sp.) FEE&HLJE (Alternaria sp.) X Ff
THRBAERREER, X RN AEREY) 6

M Qiang ZEB2IF1 Khan ZEB P FEHHIESE . WA E R
R T REAES TR, MR &EEF
b7 B 52w A B 3B, B A b N AR B iR )
(Fusarium sp.) 2= PEACM T K 72035, X RPN A
LR O AS [F VR B Fh 87 R 390 — € IR 3 B4 1)
ERT, XATRES W AE B S5 EY BAE ™ A A ™
MK EHARAH, WAERRE ZAETEYH,
S KL 5 — B nT et S1EM BRI LA, T
5 ¥R TR B AT N 20 B 2 7R A AN 5 B3,
AHIE T ILEE AT A A T 2 f 2 R A 2 IR AR R R
F A . AR RO S BT R AR A
AIRER B TR m TR R E R R, BT A4
KAWL, FTRET T e A KRR R A, 42
G T, ARHE TR R BS,
3.2 SNERE BRI EE KIS S E KRS

AT G BT 5 J i 2 A e S 4 R AR
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M INANEAN A O-2. 0-66 AT 11 =
WETREAR T RESEE ST CK, MEMINE
WA L 2 AR T a0 2 A K, X5
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The wet zone in all treatments was approximately elliptical, with the center located at the perfusion pipe. Increasing
initial soil water content accelerated the movement of the wetting front but reduced the cumulative infiltration
amount and infiltration rate. The cumulative infiltration amount increased with infiltration time in a power-law
function, and the infiltration index increased with the initial water content. Comparison with measured data revealed
that the R? of the Kostiakov model, Philip model, empirical model and Horton model was 0.783, 0.785, 0.923 and
0.943, respectively. When the initial water content was 5.1%, 11.5% and 16.8%, the burial depth of the irrigation
pipe should not exceed 10, 20 and 30 cm, respectively, and the associated pipe spacing not exceed 30, 60 and 90 cm,
respectively. [Conclusion] Increasing initial soil water content in aeolian sandy soil allows the irrigation pipes to
be buried deeper and spaced widely. These findings are helpful for designing subsurface irrigation in aeolian sandy
soil which is common in northwestern China.

Key words: aeolian sand; underground infiltration; infiltration characteristics; initial water content
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Using Exogenous Endophytic Fungi to Improve Seed Germination and

Seedling Development of Oat under Water Stress
LI Xiaoting, LI Lijun’, ZHANG Yongping®, GUO Yunfei, HAN Xue
(College of Agriculture, Inner Mongolia Agricultural University, Hohhot 010019, China)

Abstract: [Objective] Seed germination and its subsequent seedling development underpin the ultimate yield, but
they are prone to water stress. This paper studies the feasibility and effectiveness of using exogenous endophytic
fungi to boost germination of oat (Avena sativa L.) seed and its seedling development under drought conditions.
[ Method] Oat seeds were treated with tap water (WW); water stress in the petri dishes was created by adding 12%
of PEG-6000 to the water. The Czapek medium was used as the control (CK). The seeds were inoculated by
endophytic fungi O-2 (Fusarium equiseti) and O-66 (Alternaria pomicola), respectively. In each treatment, we
measured seed germination and the subsequent seedling growth, morphology, and physiological traits of the roots.
[Result] Successful colonization of the exogenous endophytic fungi O-2 and O-66 was identified in the oat roots.
Drought stress significantly inhibited seed germination, but inoculation with endophytic fungi O-2 and 0-66
increased the germination rate. Notably, inoculation with fungus O-66 significantly increased the germination rate
and seedling development by 44.68% and 41.18%, respectively, compared to CK. The endophytic fungi also
promoted radicle and germ elongation, which were 1.15 to 1.36 times and 1.18 to 1.42 times that of CK, respectively.
In hydroponic culture, all endophytic fungi enhanced plant height, dry matter accumulation, and root index of the oat
seedlings. 0-66 inoculation resulted in a 23.67% increase in plant height and a 39.58% increase in canopy dry
weight. Additionally, inoculation also increased root dry weight, total root length, projected root area, total root
surface area, total root volume and root tips significantly by 33.72%, 20.40%, 35.47%, 31.84%, 36.94% and 59.24%,
compared to CK. Inoculation with endophytic fungi increased root activity, and elevated SOD, POD, and CAT
enzymes by 25.97% to 30.48%, 14.26% to 20.47% and 37.46% to 45.72%, respectively. Compared to CK,
inoculation reduced the content of MDA (malondialdehyde), a marker of oxidative stress, by 9.27% to 10.33%.
[ Conclusion] Inoculating the oat seeds by exogenous endophytic fungi can effectively alleviate drought stress to
their germination and the subsequent seedling development, especially when inoculated with the fungus O-66. These
results provide valuable insight into the use of endophytic fungi to mitigate drought stress to seed germination and
improve crop growth.
Key words: drought stress; endophytic fungi; seed germination; seedlings; root morphology; physiological property
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