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AKX, ANHE, BERAY AAFRALALY T, 245 T A %5 M (Redundancy Analysis, RDA) #9 87 1 i £ %
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F i SN R Ak B L AR LAY E | PR At R B 5 AR FH T 29.09%, 15. 77 %A 13.21%; LM B
A AP (NSC) | THEEEA (S AR (Pro) S5 E AT HRAOR TSR ARZHT 10.72% ., 22.67% Fe
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Abstract: To explore the alleviating effects of melatonin (MT) on drought stress in Toona ciliata Roem.
and to identify the main physiological factors that mitigate drought damage in this species, 2-year-old
Toona ciliata Roem. seedlings were used as experimental materials in a potted water-control experiment.
Three treatment conditions were set up: moderate drought stress (soil moisture at 45%), moderate
drought stress with exogenous MT application (0. 1 mmol/L), and normal water supply (soil moisture at
70%). The growth and apparent morphology of the seedlings, as well as changes in their osmotic regula-
tion and antioxidant systems, were compared among the treatments. The forward selection method of
redundancy analysis (RDA) and Monte Carlo tests were used to identify the dominant physiological factors
that alleviate drought stress in Toona ciliata Roem. The results showed that compared with the moderate
drought stress treatment group, moderate drought stress with exogenous melatonin treatment increased
the ground diameter, leaf length and leaf width by 29.09%, 15.77% and 13. 21 %, respectively. The con-
tent of osmotic adjustment substances such as non-structural carbohydrates (NSC), soluble protein (Sp),
and proline (Pro) was increased by 10.72%, 22.67% and 186.40% , respectively. The content of hydro-
gen peroxide (H,0,) and malondialdehyde (MDA) was reduced by 25.89% and 31.72%, respectively.
The activity of antioxidant enzymes such as ascorbate peroxidase (APX) and glutathione reductase (GR)
was elevated by 58.11% and 69.32% ., respectively, and the content of glutathione was increased by
26.33%. The RDA forward selection results demonstrated that the activity of monodehydroascorbate
reductase (MDHAR) and the content of ascorbic acid (AsA) were the primary regulatory factors for alle-
viation of drought damage of Toona ciliata Roem. by melatonin, with the activity of monodehydroascor-
bate reductase (MDHAR) being dominant. Thus, melatonin effectively mitigated the drought damage of
Toona ciliata Roem. by promoting the accumulation of osmotic adjustment substances and enhancing the
scavenging capacity of enzymatic and non-enzymatic antioxidants against reactive oxygen species. This
study provides a novel strategy for the drought-resistant cultivation of Toona ciliata Roem.

Key words: Toona ciliata Roem. ; melatonin; drought stress; osmoregulatory substances; AsA-GSH cir-

culation; dominant regulators
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A E Y R, TR IRk R BUIR R T E AL P (Ascorbate Peroxidase, APX) . il &L IR ifi iR i 5 il
(Dehydroascorbate Reductase. DHAR) . 2% Bt H K if J7 i (Glutathione Reductase. GR) %5 HT & AL i 16 M
RS LA TE I & R (Proline, Pro). A ¥ M 4% H (Soluble Protein, Sp)4%18 % W 35 9 I 119 S A4k I 3% AE
T3, ERT . 56T R R T AR [ R A T R B R R ML A E O AR A 2 L R R )l e A b
SCH, O,) F BRI 58R APX 76 V22 it I 2 (Naked Oat) @AY T 5400051 5 308 ok 0 0 g 12 A =l B4R B 4
BT R GE . B TH I PR T BR AL, T R 7 L B Bk L B B R SR SR A W e 2 T R T 1 R AL N
PO R AR, SRR T R AR R, BTG TR R R R R S
TRIBEFANE B =, X AEAR KRR B b BRI 1 %4 R SR A T 0 00 A A T BE AR, o 2 T R R
RV EEAE ) T 50 SR 1 1 E

£1H# (Toona ciliata Roem. )2 F B WA Mo X 32 DL A A ARl B8 O b B 46O K7 . 204 I T
BB ARG R A R R AR, WRER R E SR, oM RIRE 0, SO . S5 s, B R
. BN, SRS FEFE PR S AR R AT BRI, LR R IR 79 A, kA
HRH T 20 AR B, fEX — B, 208X /K IE A 55 R S B, TG ™ p T aa . Rk, fFSR
CIMEDT R BOARXS H7 M T Rk R =G B, SE T, AR AR AR L, DIrp T R A 2 4
A LLAEA . RIT 0. 1 mmol /L AR F Wit it R X Z0 G &) 1 R R 25 M AR AR M A R AR T R AR R R
TELLAETU T RO b AR AL, OF 6 2 i DM s Ae . I M 2B KR OB I 7~ B 7E 4R M 4L
P A5 A R B b A BT 5 e A PR Al

1 #R57FE
1.1 REH A

WH AN 0.6 e B 1 m. AERKOROL BRI L0 M 1 ARSI IR A R, T 2019 4R 7 A, K40
R EER 25 cm, & 20 cm WEFRET, BEEAT S kg WIFERE L = xR =21, JFRCE
G — A, GIMERR G AT IER Y, JFEBEK, 2020 4F 7 H, SEEROEHR R E . KB —BW
AT,
1.2 Rt

WAl 20 42 60 FARLIRFERM X L8, ERBX FZUREMPENE, HTRERTE
HrkmE", Wik, AR ERAEFERTAESETETEMESEMRAE. RESBRL TR
9)(GB/T 20481—2006) , HUH BT 5K P, B 4 38 A % 9 B2 (R IEAR X & K &) Ry 4026 ~50 % 1Y
M 45 X T KR . AR E 3 N ER KA (CK) , R EFRAMB Y (MD) | H
JE T B A A+ AU AR R R (MD+MT), A gE i 3 B4, JFdEfT 3 IRE Ik, &t
27 k. T REM A TFE AT, %L 3 d X MD+MT 4 i i Wi 0. 1 mmol/L ## B E W, MD 4 # CK 4
W% it 25 7K, 2% DR UK (2 0k H IR K B 19 100 %0) » SR JE TR G A AR T 5 (CK 4 IE % ik, (8 4% =X
K 4 A (DeltaTwetsensor, d6 501G 28 25 BH & A B2 F)D Mo I+ 08 X 5 /K &t AE AR XT3 K
IR F P E TR 45 %08 d J5) JFEA K . IF%F MD+MT 44— % 0. 1 mmol/L # B R (& 1,
P K T v o (4 =X K A R K o IR, R K BRR .
1.3 WMEFZE
1.3.1 A KIFBAF

T W5 i Ak B R A T S A AL PR AE 10 d FEAT AR K AR AR B I E (B D, MR, K i SE AR AR K AR AR
KU bR R RBEAT I &, IR0 PR AT S 2 Yl & 07 B — 3L
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A S A s bR E P E T R S S 10 d RN & L BEA BB RS T 5 3~5 it
7 1) 56 B T Re E H#EAT 4 BT (B 1D, BEASEFR EZ I E 3 W, i A £ 7K B (Relative Water Content of
Leaves, RWC) R JHHE T B 8 200 5 5 7T 7 45 (Soluble Sugars. Ss) & ¥ ¥ (Starch, St) 5% J B 2 &
LRV B R W s - AT R A (Sp) SR I T W SE Wk E s N % (Malondialdehyde, MDA) %
FHBRAC B b 2 R i s 5 oot A & (HL O, SR FH B 80 35 I 5 ) PTIR Il AR ( Ascorbic Acid, AsA)
R BP B EE I E " s WA IR LR (Dehydroascorbic Acid, DHA) I = i J B B - 2. B8 1 A )R
W E B AsA SR, ISR MR A A5 1 AsA &I DHA & 875 4 Bt H Ik (Reduced Glutathi-
one, GSH) ., A LM 4 Bt H Bk (Oxidized Glutathione, GSSG) . Hi ¥ il B2 i & 1k 4 il CAPX) . 45 bt H ik
it JF i ( Glutathione Reductase, GR) . Bt & $7T 3K Ifil FR i£ )5 i ( Dehydroascorbate Reductase, DHAR) | #
Jid 470 IR 1L R 34 IR 1§ ( Monodehydroascorbate Reductase, MDHAR) ¥ 5% F F i 406 16 248 9 B £ 4 R 2 #
R & AT e
1.4 HELEBESITFESN
ffi JH| Microsoft office 2016 i
Duncan £ #17T2 E L,
#l. i CANOCO 5. 0 Fff it
5K B0 A A S
P45 1 2 B A LA

HEAT B e B A A% B VE . ) SPSS 19. 0 #4175 22 43 B FUAH 2 407 . F
LSD AT I He e, MK R 0,057 . R Origin 64 #E4T BB B2
HAT 04553 M (Redundancy Analysis, RDA), 333 2 T HALHE T 195245 F

F£T RDA I3t ) i 52800 1 2% 1 28007 5 20 8 s o 80 A DR R G M 4 T 5
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2 HBRE5SMH
2.1 REEFLHMNE KM K RSORM

DR ai R s, TR B R F S AR A AR, AR T IE R KA, s AR R A R
D 3 2R /N (p <20 05) . WIGAR R R . REUS A RO M T R0 LM AR R R IR A T AR R R
B BRI 0 G A LT R T R AL R S T 29. 092, 15. 77 13.21% (R 1), KRB RARG
ZEfifp T R M LM AR R AR . AE TR A AT . LW A E R O R A A s SO . Ho R 2
BERER W SMEEMAER RS A BE ALY, FERERT AN ERZECGR 2. TR0 ek
MR BE AR, BEAR R R, R IR (] 2,

K1 REIVNOAEHHEEREBEENZ T cm
Ak ¥R Hu AR B M B I 5E
CK 0.076=0.006a 0.701%0.087a 0.330=40. 0432
MD 0.05540.010b 0.501%0.076b 0.174=0.063b
MD-+MT 0.071240. 004ab 0.58040.072hb 0.19740.036b

T /NG FREAS R 3 4R B 22 v B Gt 4 X (p<20. 05),
R2 REBEXNIBRUAESHH N

Rb T B o ERE 2% B
CK A C PR, MO, R EES
MD C A BHRR T, Mk, iR R TR, ik kg, A ATl
AR AL . HOR T 4 B
MD-+MT B B PR E, Mgk, IR b A

E: MABOEERSESREL AL B, CRR, ANRKEE, 1 A CRKFEE.
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2.2 MEEXNIHSEFATYRNOTM

WBEMLIHEBEYREAGHRETERN. 5T 204 b, AN E L0 2064 5t Ronl
WYEE A Sp) . &R (Pro) . dE 45 #) 8% 7K fL & 9 (Non-structural Carbohydrates, NSC) i it & 43 F Al i
F AR B KB (RWO 35 T 22.67% ., 186.40% . 10. 72% 1 3. 33% . HARZE M tEm KL &9 B %
P (p<C0. 05) F Hz 3 % FRALK T (& 3) , 3 2 WY 4R A AR 0% 42 3 15 378 00 1 W 0 00 45 ORI BRL R, R IR 4
s e, (RIS R S T RE . AT B SRAE B 105 B R DD .
2.3 MEBEXAEMHAFESKREOE0
2.3.1 AR ZFZ LAt A E I RKT o IF AL BACAR R 6 R

ARRZRALBER . ZLHR I R N I (MDA Flid A & (H, O,) & i A L T 520 40 5 B AR 1 31, 7206 11
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Hd4 RESMNIEMKEHAKTRERTELEENTEMR
2.3.2 ARZZarethet A AsA-GSH #A3R8 % 0

PRI X LA e AsA-GSH a2 an 1€l 5 Fron . 5 BE T 28 4140 b, 48 58 22 AL B0 205 %)
B R R LR AR (AsA) . S HTIR IR (DHA) & 4 BIFEAR T 10, 14 % F1 17. 77% , 2R ¥ HA G2
B (p<C0.05); Hf DHA %t 8 % TR R Samnf KT, B R B ERE T4 1 AsA 15 DHA
(0 L F, 2 W 4R B 3R A Sk B R AsA IR RCR R T R 81405 .

HRH AR . LU LN AT R A B H K (GSTD e i T R0 AR T 26.33% . i AL LA
BEH IR (GSSG) & T RAREIK T 30.12% ., ZRBEA G ¥E X (p<<0.05), HIHWE 2 4825 % 4
K, B ERER ST GSH 5 GSSG M {H, RUIEBZ M #F GSH A SOOI H GSSG A= ilt. 42
GSH fEH R LI T 25140 .

BRER R AL S, BUIA IR i A AL B CAPXO FIA JBE T IR G4 J B CGRO I8 Pk 23 0 5 v B 52 b 3 2 42 1
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MR8 S (MDHAR) TG P23 9 FFE T 3. 64 % A1 32. 42% , Hih MDHAR &5 T 24 ek, 25 HA S
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2.4 BRERZRABTERGHEZFERET 1.0
i — 2548 7S R R R R LA T R AR
FEWEH T, X3 D AERKIERA 15 AR
FHEAT T ICR T, S5 R WE 6 B RAHT
T 39 46 32 0 228 OC B A 5 IR -, X I A AR BRI
I A7 A RIONE 5 A PR HEAT T . 5 R
3 ., RPN, A7 AR T
TR AT 40. 0%, 45k BB LB IR i R W
W JEE (MDHAR) . 467 45 bt H K (GSSG) |
AR B PERR K AL A8 (NSC) L FUIRIALER (AsA) |
B R PR I R 8 SR (DHAR) . TH . (MDA)
WAl E &G Sp), b s AR TEEa s -
(RO AN T, 2 A B E R HF . RDA(66.17%)
7{%{¢§£@§j\$ﬁq: s {Xﬁ 2 /l\%gfj jr'iﬁk GD A& LL K3, LW it 583 &, RWC S i J AR X 3 K
ZAE 5. 0%, 439 MDHAR Fl AsA, — 3% it NSC WARSS M MEmAK LG4 Sp HATIEMEE s Pro HIHER; AsA Sl
R L I N Y T it EY VLRI AR s DHA B A VIR AR 5 GSSG M H AL B4 B H B GSH A 4 Bk

H; APX Sy Bk i iR AL B s GR S48 e H IGE )5 s DHAR 4 &

RO A3 T4 A I [k ., IR R
PPRLSI O BRR A5 1 BRI IR o o s, MDHAR 0 506055 M AREE O H,0, a8 AL
RE3EF, MDHAR il AsA X #1423 B (GD) |

MDA KK ., .
A B (LL) A Dy M 538 A CLWD 3K 3 2R I B 6 LIRS X IR K AREO DR 5 47

B bR B R 45 RE ) X 3k B 2 2 K P (p<<0. 05),
FALE TTER Ry 61. 900, MR RERE 1o HLARE . AR R M LLAE T R Ui ) 2R K 1, Hivh MDHAR
N E AL

IDHAR

LL

H202

:SSG

RDA2(8.08%)

3 EKEHRTEERETFAREIEET Monte Carlo 4 16

T i AL
R % th F (i p 1 R/ % th F fi p fil
MDHAR 55.9 52.7 0.002 55.9 52.7 0.002
GSSG 52.1 46. 8 0.002 1.6 1.9 0. 148
Sp 51.0 44.7 0.002 1.2 1.4 0. 280
AsA 44.6 34.7 0.002 6.0 6.4 0.002
DHAR 44. 6 34.6 0.002 0.3 0.3 0. 808
MDA 40. 2 28.9 0.002 1.0 1.2 0. 316
NSC 40. 1 27.8 0.002 2.7 2.8 0. 066
H, 0, 38.6 27.0 0.002 0.5 0.6 0. 644
DHA 38.5 26.9 0.002 0.2 0.2 0. 852
RWC 35.3 23.5 0.002 1.3 1.5 0.234
GSH 33.9 22.0 0.002 0.5 0.5 0. 648
APX 24.9 14. 3 0.002 0.6 0.7 0. 508
GR 13.3 6.6 0. 006 0.3 0.3 0.792

Pro 9.0 4.3 0.032 1.7 2.1 0. 090
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3.1 itig
3.1.1 AR ZFZ AL T F it T 4otk & K eh % g A4E R
POEBR WA A K E AR AR a T, BB WM IR A K S A B B, AR AR B

N ENETREPGAAAET, BT NAR R, R E . R R TR, R, T E AR
M e EEE IR, R TR R EMS TN IER ALK, B RAIE, AR H RS R B,
VLA R R IAR T T A LR A AR L i SE A IR . A B TR T L0 RS X K S i WOCRE T . Bk
BT SR e AR B AR R R AE SRR T A G T a9 1R L DGR [ AR 1 2 i A
FEAERAL B 255, flhn, M IE B 0. 05 mmol/L #8 B R XD A R (Agropyron mongolicum) A K JC W i
SRRAR AR TR Gl N AT 3 A AR s oI B 0. 2 mmol/L AR BEFE X ) A 3% (Helianthus
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R0 R AE ) T 5 A0 A3 N BE
3.1.2 MREEATASRRLELRATHRSLAEGRTFR
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