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Abstract

The northeast grassland ecosystem is one of the largest grassland ecosystems in
China, which is called as China's "big granary", and it supports a series of animal
husbandry and agricultural economic activities. So, it has very important ecological
significance to China's ecological security construction, animal husbandry and
agricultural economic development, and social sustainability. Freeze-thaw and
allelopathy are the two main ecological stress factors in the northeast grassland
ecosystem of China. However, previous studies mostly focused on the effects of a single
factor of freeze-thaw or allelopathy on plants, and little attention was paid to the
combined stress of freeze-thaw and allelopathy on grassland plants, which was not
conducive to the scientific management of grassland ecosystems in high-latitude
regions including grassland fragile ecological zones and northeast grassland.

In this study, rye (Secale cereale L.) was used as experimental material, and
artemisinin and Ambrosia trifida L. extract were used as allelopathic factors. By
simulating the freeze-thaw environment indoors, the physiological effects of combined
stress of freeze-thaw and allelopathy on rye seedlings under two different freeze-thaw
patterns, single freeze-thaw cycle and multiple freeze-thaw cycles, were explored. To
determine the changes of physiological characteristics in the leaves of rye seedlings.
The main results were as follows:

(1) Single Freeze-thaw Cycle: Under allelopathy stress, the activities of
malondialdehyde (MDA), soluble protein (SP), superoxide dismutase (SOD) and
catalase (CAT) in rye seedlings significantly increased 18.6~110.0%, the respiratory
rate (Rr) significantly decreased 15.0~22.9%. Under single freeze-thaw cycle stress,
the contents of MDA and SP in rye seedlings increased first and then decreased with
the freeze-thaw process (first freezing and then thawing), significantly increased
21.8~96.7%, while SOD, CAT and Rr decreased first and then increased, SOD and CAT
activities increased 0.4~73.0%, Rr significantly decreased 40.7~57.0%. During the
freezing stage, combined stress of freeze-thaw, artemisinin, 4. trifida extract (FT-CS)

had the greatest effect on MDA content of rye seedlings, which increased by 150.4%
1



(P < 0.05), resulting in severe membrane lipid peroxidation in cells of rye seedlings,
and at the same time significantly inhibited the SOD activity, which decreased by 13.3%
(P < 0.05). During the thawing stage, the freezing pressure was reduced, and the
activities of SOD and CAT in rye seedlings were restored to a certain extent, so as to
alleviate the reactive oxygen species stress induced by FT-CS.

(2) Multiple Freeze-thaw Cycles: Under allelopathic stress, the MDA content,
soluble sugar (SS) content, SOD and CAT activities of rye seedlings significantly
increased 40.4~161.9%, and the net photosynthetic rate (Pn) significantly decreased
57.9~84.9%. Under multiple freeze-thaw cycles stress, the physiological responses of
rye seedlings to different stresses were showed as combined stress of multiple freeze-
thaws, artemisinin and 4. trifida extract (FTs-CS) > combined stress of multiple freeze-
thaws and A. trifida extract (FTs-AES) > multiple freeze-thaws (FTs) > combined stress
of multiple freeze-thaws and artemisinin (FTs-AS). In the FTs-AS treatment, the
activities of SS and antioxidant enzymes SOD and CAT in rye seedlings significantly
increased by 128.7%, 63.4%, and 141.8%, respectively (P < 0.05), indicating that
artemisinin could significantly improve the osmotic regulation ability and antioxidant
enzyme activity of rye seedlings under multiple freeze-thaw environments. FTs-CS had
the strongest promoting effect on the MDA content of rye seedlings, which increased
by 293.7% (P < 0.05), and the SOD activity, CAT activity, and photosynthetic
parameters of rye seedlings significantly reduced by 20.6~98.8%, indicating that FTs-
CS could cause greater damages to the physiology of rye seedlings.

In summary, whether it was single freeze-thaw or multiple freeze-thaws, there is a
strong synergistic interaction effect between the indoor simulated freeze-thaw
environment and the combined allelopathy of artemisinin-A. trifida extract on rye
seedlings. Combined stress of freeze-thaw-artemisinin-A. frifida extract caused the
most serious physiological damage to rye seedlings, which destroyed the cell membrane
structure of rye seedlings, aggravated cell water loss, and inhibited the activities of
antioxidant enzymes. Thus, in the management of grassland ecosystem in Northeast
China, the interaction effect between freeze-thaw and allelopathy on grassland plants

should be considered. Especially, during the period of frequent freeze-thaw cycles in
v



winter, it is necessary to remove Artemisia annua L. and A. trifida plants including their
rhizosphere soil in time, so as to avoid the grassland ecological disaster caused by the

freeze-thaw combined stress.

Keywords: Freeze-thaw; Allelopathy; Artemisinin; Ambrosia trifida L.; Combined

stress



RS SO FH AL

RNGEE T EMREA KRR AR e, RS
PR 55 O B 1 [ A D0 1T b LA E A8 1 SC R B BRI AL 1, A
VR SO B D AN Bl s A NIRABE MROR 52 AT DURE AR 267 18 SC IR 4 7
B> ARG ANAT RSB E AT R R, AT LIRS BN L 48 Bl el At &2 Al
FBARAFAR UL G A 218 3

CORE VR SCAE A i 8 S I E )

R ML O
SR FRETR

VoS - VTR 7S 3 = B R SR S A M ) S
5 1 B

tEss: SpES] SRS U T

2023 £ 6 A 1 H



L = R =TT 1
11 RIS E D e 1
1.2 FERAMIFTEIIR oo 4

1.2.1  RAPEXS BT e 4
1.2.2 BHEFBIMHES YD PV e, 5
1.2.3 =R KA B X R AR BRI oo, 6
1.24  URESAEAE RS G IREX AP E I e, 7
1.3 WHFHIRY WENFEARBEZL oo 8
(T R = TS 8
1.3.2 HETEPIZY oo 8
1.3.3  FAREEZR oo 9
L4 B R e 9

F2F LIRS TTTE e, 10

2.1 SEIGTIRE oo 10
201 FEWIMEL oo 10
R A 10
2.2 ALSEIFTR FEHIAEEL oo 11
221 HERREEBTEI oo 11
2.2.2 =M FRERSEBARERIEI oo, 11
2.3 TZIRTTVE oo 13
231 BEER TSI EETE s 13
232 IR B R R IR RS E T . 13
2.3.3 ZEKM-FHEHR- SR K ERIGRMNEAL T ... ... 14
2.4 HEFFEBEIUIE oot 15
241 T BRI R B B s 15
242 T EETE B B B oo 16



243 PUEMBEEIETE oo 17
244 FEBTEFR oo 17
245 TREIETEZR oot 18
2.5 BHBALTE oo e 18
B 3FE B UREMEE T EE R K SR R EIR R R A a2
g sl R La e = RO 19
Bl BE s 19
311 T EEE BRI e, 19
312 ANAMEE S IR e, 21
3.1.3 HEAEAMYIBAEREE LR oo, 23
3.14 HHEAMEBEEERIZEA (oo, 25
3.15  PRIEIEZR KR AL oo 27
3.1.6  EAFIRFRIE A ICHEE T oo 29
3.2 BT e 31
321 STAHMIAE IR oo 31
3.2.2 SHEB T ATELI covvoeveeeeeeeeee e 32
3.2.3  WTHUEALEHTEVEAIREI oo 32
3.24  KFPEHEAE FBIFEIM oo 33
3.3 N e 34
AT ZHEBRME T EER LSRN IR EIR IR E S Max &
B AR LA o 5= 21 TP 35
AL BER e 35
411 A TEEE B oo 35
4.1.2 TEEMEREE B IZEAL oo 37
413 HEEABAERIETERIZEAL o, 39
414 HFEAEEEETERIZELL oo, 41
415 FEEFEFRIIZEAL oo 43
416 FEAEIRIBAREIIAEICTE DT oo, 45



421 ST BTN oo 47
422 XPBE I TTPITETECN oo 48
423 SHPUEACBEHEPERTELI oo, 49
424 FTHCEAERBITEM oo, 50

B3 NG e 51
B BB EIEE e 52
Bl ZE T e 52
T == TN 53
21 /N 54
B 3B et 65
N P N 5% SO 66
K G OO 67

Vil



A TH AR

%5 JEL AR HR AR
SOD Superoxide dismutase B AL T
CAT Catalase o A A S
POD Peroxidase o A A A
MDA Malondialdehyde [
ROS Reactive oxygen species TETEE
PSII Photosynthetic system I1 HERG
SS Soluble sugar ALV
SP Soluble protein CIp S =
Pn Net photosynthetic rate HOLEEH
Gs Stomatal conductance SALTE
WUE Water use efficiency KA R =
Tr Transpiration rate 2 AR
Rr Respiratory rate I 22
AS Artemisinin stress e 2 JHE
AES A. trifida extract stress =R IR ER SR M iE
Combined stress of artemisinin 77 /2 2 —— 24 M X IR HE K
S and A. trifida extract & g
FT Freeze-thaw NS El
FTs Multiple freeze-thaws % H IR Rl bE
FTAS Freeze—tha.lw—artemlslmn VBl R A A
combined stress
Freeze-thaw-A. trifida extract % fl——Z4 M X HIR $2 0 Bk
FT-AES .
combined stress & e
FT.CS Freeze-thaw-artemisinin-A. R R KRR
trifida extract combined stress TR & Mie
FTs AS Multiplofrecze thans: g sy i I A
artemisinin combined stress
Multiple freeze-thaws-A. % B R =M KRR 1R
FTs-AES .
trifida extract combined stress TR o
Multiple freeze-thaws-
FTs-CS artemisifin-A. trifida extract FRER-FER A
EIRSERE & hia

combined stress

IX



L1 FFAFERERX

HRAR RGN 2 AES KRG R, L EMGIE KRR S
FRLIH 25% LA ERGHLIX, ELRRIE B L AT AT X, Rl AR RS RS
ARG RAEEER P ER KM EFEAS ARG —, MEEPEARIX, W
FRLY 10 J3F TR, BERBOMES, E4ERRMAESRGRE. RIRBOKIEHT
R SR AR T R BRI RACREAES RGHA EEMHICT)
e, 5 RERBRIIALRE, W RO R R AR TR A
TR ZRACE AR ARG LR, BE R K B KRR
—— BB, R AR R B T Gk SR, TR IR SR AE
HUBKRIE & 7E L3, Betg g L3I . RACE AR RGUR R ALK 235
G B A AR, SCHE— R B O A RO AR P B, AU T EORE
A R R TR, 5 E AR X e R R AR

(RIEETIR “ W7 LT R) o, SR EmREZOR T “Eiea”
A S, A LSRR A 2 A R s AR SR, ARALEER A RGH
W 2 A 25 T Uy o B AR AN LR 0R, R GETE B 2015 AR AR AL R T A4
WA 16.7 I TR, AR AL E B 14.2% FREE 13.4%". 4t
RAMNREEW BRI, ™ ERR A RGERVESATIEE, R4S R
SRR BLAN, BTG, REBE SRR, A IS RGURS )
e PRSI H R R BRI, ARACERAES RGOS 0 TR IE A IR
B R EPCRAST LA ST 8 R R B B RS o

FRVERAC B AR RGN A L EASWAR 7. EAFHLE, L
FELISE 18] P9 o T B T 0K g s 2 I BRI R« B A R0 A2 I 75 (R
VR SRR (R TS RIS FE R A R o VR CASSCR A M, IR R4 Y,
SECLBOK G FR TR, RS RETIRE" . — i, Rl S
MR ATS AR, A SRS KT PR A DA T RO R A 8%, J AR s



F1% 5%

PR M e LAk UK, AR RAR M B0, K MELLBIE, RS
TR, 255 FEE IR, o B JE R AR KA PR Ay R S R e R
by AR e I T G ML B A, M A KT R K FR g, AR, s
e AN TR T S B A ML IR 7 3 A 2R, 3k 63 2 39 s i 2 A L 39 A i PR g
1, FRA IR DLEORHR I UM RS ™ . 53— 7, R A S R4
HhFRIARLA o IS B2 PV R 2 ) SR 0 ) 2L 2 S T S B A R R 4
HUBELEY, FNHIEE KRR AR b o IX LAY 2 G IR A A AR K 1 1T R
1], SRR, IR SR A 7= 77 DL O A 25 R GE R I [ 77 A
HORF, WFR IR RRIL IR B A A B 0 X VR R I — 52 13E
REJT. lan B gk g B — PRI PTAR R B, EATTRES HUAZH S R 450K
R 1) 2L P K P A K SRR R 7E PR R TR B Y BBl A R, DR R AR K 4y
HHEAE

MK (Ambrosia trifida L) B KBEARE, JET%F (Compositae)
M —EE AR . CRARIERA Y, 20 W] 8 K HBLE H E T 5
bk, BLOAEZRICHIX T2 04, A IR B ™ . =20 IR 2 R
ZRAGHLIX & T e A 7 E 1 A SR N AR R 2 —, T B S MR ) AR K R AR
BRI B L L BB R R AR P25 S . B AR A B R AL A2 RS0
AT SR R EDE N AR, AR KRR, BEAETE &R L HRIR L
AR, BUEVERRE R ES 30K, I FAS RGP AR . ARER R =
LI R BN AR o E A RS B IR A AR B , Em H AR
F AR LA SRR AR, T8 B SRR SO RE VR S M RN ZH R, 3 2 REHE
IPRAR, BAARAES RGN T thah, =K 5 R A6 R A A5
IME A BRI . =2 R B NAR A 32 2 A0V R B T Lt g 4= 0y, &
EFBEWIIL" 0 PEgiit, L= Ry () S T A B AR X AN
15 48320 £ 5w, W AR, b, BAR. PR AR, BEEK 84 LA DT
T o T T ARSI BRI R 55 51 ke ) = L R B A4, X KRR
TEMIAE = B RRAS , I BRS04 P S R B A A 25 R G0 = AR S i R . (R BE,
LR BB A T JNE S ) B =R IR, DU R AR AL B AR 38 R AT HF

B



PLEAB AR SRR TS, AW RSB —FEHNE.
BERREE4A, BiH: https://d. book118. com/97801301210
6006043



https://d.book118.com/978013012106006043
https://d.book118.com/978013012106006043

