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= [ % (Nymphaea candida C. Presl) ¥T 884RFA7 (1 [ 5 11 9 fi Ry B AR M6, 72 (P EAED)
ZRMEA O F—— @SS HYE) PRI EYF . RIS N TR, FE AR R
BBk . EEXZA AN A A E AL BT BRI TS I 18, A A S T I A 2 B AR S ) AR
BN AR BT AR R 2 S B BT, RO B BB AR E R, I TR A PR AR R R
., RGO S A A8 IR AR 8
TERTEREN . AFHAURIRA )48 = o0 A5 XCRAERE R, W@ AR ARy K, b fiabr
s HEEE 20142024 FSAEEARIT R LEA 50T IR H 2 57 835 2 T (ANOVA/Kruskal - Wallis).
FHIME 73 M7 (Spearman) . ZRPEVE A RN AR AL (LMM) 25 AW B (CIT) AN UMY (GAM), &=
PPAG A 5 7K 5 R0 i D R IR (K 25 5 me A AR 2R PR i S BRI . IRAB AR5 IR, FEZH B s
1B ERZR WA AR TR, BRI BIERCE, HF LLRE S H0 B ANE B
BREE, M “PhFifR— LR B EK—BHEl” — U EE R, EERAERNT:
(1) AFHX S QB AR B E 2R . ENBHMAEIRBE . R s,
P CATHISODYS PEH 4 RFE sy 43 & i, RV EURIIFR P R ALE N AR B 75, &
MM T, MACy Ny PEEAMDAK T S, RIAFRHF B AR 1 ag: Brihz
BERNIAE IR B A WU 38R, @t SP5POD 1 B[] 1 45 4 R A 2167
(2 M fraRpE&a S TPs, APs 2R #FIEHK . LMM 7045 K], TPs. APs A NH4"-Ns
NEFIRE K F; PHs 5 SP RIEMHK, 15 POD £4iAH; COD % Chl & BA (EH/ER] . b4k,
CIT 5 GAM #iRYE— iR 5 H B A 3 R . PHs > 7.5 }2 TPw > 0.47 mg-L ',
(3) PP FBEALEH “4CTAK 9 H + 75% LB 1min+ 2%NaClO Smin+ 27 +
MS ¥ 75 dk + 8 g/L BilE +30g/L FERE” , HIRE 73%, 5445 0%, HMEBEKEE <0.47mg L%f
MR LR EHN; BA 5 NAA® 0.1mgL ' AL K. B3 -4 AR DHILE
M IERTEAT R 22 R T, B A AR R AR AE K 24 6 N H
g b, TAMREEAFASR S K T 5T R 0 ) A 3 ] WP A DX N S o DGHEERR
B 7 R REE AR AR PR EH . AT < PRSI — AR R ) — R (i 56— 41
BN R R, SEELTAESHIIBE TS B E SR R, R MK AE R I R R
AR A SR T EESHE SHARSE,
G WY TR, AR RN, ORI, AR



Abstract

Nymphaea candida C. Presl, an endangered species listed in the China Biodiversity Red List—Higher
Plants, is a national class II protected aquatic plant endemic to Xinjiang, China. Its wild populations have
undergone continuous decline due to environmental changes and anthropogenic disturbance. To address the
limited understanding of its ecological adaptation and propagation mechanisms, this study aimed to
elucidate the physiological functional traits and key controlling factors of Nymphaea candida under
different habitats, identify critical environmental thresholds that regulate physiological processes, and
verify their application in an optimized tissue- culture system.

Leaf, water, and soil samples were collected from three representative distribution areas—Bazhou, Yili
and Altay—and analyzed together with climatic data from 2014 to2024. A combination of analytical
approaches, including one- way ANOVA/Kruskal-Wallis tests, Spearman correlation, linear mixed- effects
models (LMM), conditional inference trees (CIT), and generalized additive models (GAM), was employed
to quantify the integrated and nonlinear effects of climatic and edaphic factors on leaf traits. Based on
model outputs, an orthogonal experimental design was applied to optimize seed storage duration,
sterilization procedure, medium composition, and hormone ratios, while setting external phosphorus
gradients according to the identified threshold parameters to establish an integrated system covering seed
germination, aseptic seedling growth, and ex vitro transplantation.The main results are as follows:

(1) Significant differences were observed in the physiological traits of Nymphaea candida populations
across different regions. In the low-phosphorus and relatively high-salinity environment of Bazhou, the
population maintained a relatively high chlorophyll content and increased CAT and SOD activities,
suggesting a strong nutrient-efficiency adaptation strategy. Under eutrophic and relatively humid conditions,
the Yili population showed increases in leaf C, N, and P contents as well as MDA levels, representing a
pattern of accelerated nutrient accumulation coupled with intensified oxidative stress. In slightly acidic soil
with high organic matter, the Altay population exhibited synergistic regulation of soluble sugars and POD
to adapt to the acidic habitat, reflecting its specific physiological regulation strategy in that environment.

(2) Leaf functional traits were significantly correlated with environmental factors. Leaf nutrient
contents were positively associated with soil TPs and APs. LMM analysis revealed that TPs, APs, and
NH4*-N were the primary drivers of phosphorus accumulation; PHs showed a positive correlation with SP
and a negative correlation with POD activity; COD exerted a significant promotive effect on Chl synthesis.

Furthermore, CIT and GAM models identified key physiological thresholds, with PHs > 7.5 and TPw >

II



0.47 mg-L .

(3) In tissue-culture experiments, the optimal seed-treatment combination was 4 °C cold storage
for 9 months + 75% ethanol 1 min + 2% NaClO 5 min + de- husking + MS medium
with 8 g L' agar and 30 g L' sucrose, achieving a germination rate of 73%and zero contamination.
External phosphorus < 0.47mg-L'had no adverse effect on germination, a mixture
of IBA and NAA (0.1 mg-L' each) promoted optimal seedling growth. Transplanted plantlets produced
horseshoe-shaped floating leaves after 3—4 months and could be propagated by rhizome division, thereby
shortening the growth period by approximately six months compared with natural germination.

In conclusion, Nymphaea candida exhibits pronounced physiological plasticity and regional adaptive
strategies under varying climatic and edaphic conditions. Critical environmental factors and their thresholds
play decisive roles in regulating its growth. The “environmental monitoring—model identification—threshold
verification—tissue- culture application” framework established in this study effectively connects ecological
mechanism research with propagation practice, providing scientific and technical support for conservation
and wetland restoration of rare aquatic plants in Xinjiang.

Key words: endangered plant; Nymphaea candida; physiological functional traits; critical thresholds;

tissue culture propagation
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FreEb XA M AR RS, HAE T FENEREY . AXEeiEd, &
H BEE (Nymphaea candida)VE VTR A M2 MG HEY), HAEBEEWREHAES
S5REHME . & BEBEAE AR EZmIay M, EREXESRFEY . —, H
PRI S TAE BRI N E E . B A BRIRA A o A £ T BB R X, B T3 AN S %A
WL RN RWRAZ, B AR R, BMAEUD T 10000 P&, Jf HAPEERRLDRD>, B
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i DX B0 /R S5 rTnT R} e 75K A PRV R L T I - R A L e X R A T )
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B1E BIS AAFAFHMEFEMILT

IR E VIS, SR, 55 A ) AR BRI 5 AR S IR 8] A 50 28 B H X PRI A8 A F i
RN R — 2D B . FIR, MR FRE AR E B Ry 59 B EEF
B, AR RN AL TR B B MR R E AR R L, A rTiEE
MEA RS2 T T A AR BRI, 0 i AR S RIR 5 AR B IR 22 18] g o
F, R SRR T AR AR SRS, DU Z YA A B & MR RAGR, 7R
BLafi b, S5 EANORA BRI SRR AR AL UG IR 7T, M T (& I PRIE IR R,
HARY 5 IF A PR SR AR I AR S

1.2 ERIMAREERE
1.2.1 3RfEE

1.2.1.1 BRfEHEER

WG AE D F H T PR B AR A T T IR e Rl AE ALY, TE N2 A RAE S RS
HOAN T Bl ) SRR B 43, HARAPIRILIE 2 8 2 FE N =R Bk . Horhr, fERReR
&R PP ErEshiE . BiE 2RI B AR, DARAE IR R 0Bk R K
AR IR AR T R S AR AR, Y B E Y MAF SR B T R . Beah, A%
TESNANBT IO, WA S R . BRI BT R AR, BRI T WA AR AT
fEALS. Rk, R PEEY C ROV Y 2 R A S RGURRE M EEAT 5.

NT R BSERTIR, 1984 F EH S BMIRRYZ oA T EMUaEY 4 5%,
Ky HYifE. Wi, MAEY) 354 F, o RME T EMED R g0 . Hd, —%
PRI 8 Flt, LR 143 Flt, = LRI 203 Flo 1999 4F 8 H 4 H, hE Bttt
I H B AR SR A AN 38 A T e N RIS (5% SR AR R 44 s (55— )
1, 2021 4 8 H 7 HIER M RAREEN (EXE SRS EEDLT) , BHiifig
1) CHESKE SRR AR 2 3D, PN E S SR BT AR ) 455 FiA 40 25, &
FG 1 K — ARy B AR 54 BP0 4 2%, B AR AE R 401 FhR 36 25071,

1.2.1.2 i EYHNM R 57X

WEHYRA & MAdr. R AESOME, PIIRAJT RBC YA R LA
EEE N RTBUCHWI AT ZE PRI S Y, MRS Y, ERASTET
. FEAFEAEFAER I AROUR, 458 TAESRGESY . WALy, mWEAy., &£
Y 2 RS 507, BTSRRI, ALK S B A T 45
AT HAAK 5e59 . AT E R EERIERE, WonBEEY7E 4 LA T e it
ERGIRET REAER], IRl S TS E A B R Zh S 4L, PP IR
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F1EHE BAFREMEFALT
PR HER R RETT B ORI AVE B R 4 -

1.2.2 SifEEIRE IR SR E M

TR, T IEEMIRI AR (trait-based ecology) Tl N AT AE ) 3E B 3
W 5 A s e AL ) 7 B R HE SR . 1% v I R E Y D REPRIR S H S IR R 1 ok
7, FERREYAEA R AR T KRR RER 7o A A B SRng, AN BI{E
(ecological threshold) 53FZL NS (nonlinear response) &M N T4 S, SRIFAE
VIRTER S A4 (R B ARG it TR AR, T o] REAE AT € X R R AR RAZ Bl 4T o

AT ARG H, LG (Leaf Economics Spectrum, LES) Af#RAEY) D) B
PR Z 8] () B[R] S5 R0 58 R AR AL 1 B BP0 SCHE . AR, KA T HA KK
Ab T EK Ay AR B IR 50 2 B S B PR R 25 A1, DR AR IR A4 AL ) A B35
53 B NG T BE 2B A R TR AEAE Y . DR, EAEER B AEY) RS AE —E /IR,
ALEAAESE LES BIRHZERL b, RN /KAEEDAER € A SRR Dhae Rk o [ 5
FL A2 (plant functional trade-off) , PASF 7R HAURR ¥ 1d N AL (aquatic plant adaptation) .

78 ERBARAELE TS, FEAN AR I dE AR 5T ARI Y — R A A B R I sh A T
o AR B B SRR K G JGHR L RRE % 5 AR AR O A5 DAL 1 P e 8
Hits, i s RunEsl . Bk AT, DYERFMER AR S X T
WG S, BT A SRR BON R IR B T o, A PR IE NI A% 5E 9 s
HEARFME, 523 Ux3. LEBAER. Ko thas KN RENEZ mR R

[ S

1.22.1 SE&EN S

AURGFATEITIREE . Gl WA, XEYIN KA E B REENE, HX Y
MR RRCIE & 2 D7 TR, AR R ITEAS . 454, AR B TIRE ARSI 2 o 35 BE9T
T, ARSI (Bt 4 BRAR R ARG /AR 5%« K955 LA S B2 7K RIAF X 38 52 /7K
FRIEZE AL K MEERFF T 7S IX 2RO AL, X2 p ]
R IR BHAAAFRE ST, U TEMBEHEYN S, 2 BamE
X TR U

BPINET- R0, ey fr & R sh— RN AR I A NIRRT 7K 735 6k
-t 2 8 gD AL EOR BRARARBE AR AT, T K 2 R . RIS, A IR
WARG AT, IR 5 i 2 VES, B gi i i AN 4n i s i3 . ik
G, W BT RANI R . PIVATERE S R, AR s 4H R fROK BE
FESEREI I PTRES . ARFEBORIVATT FLER, T FHHaRm T, MNPZFH AT
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B1E BIS AAFAFHMEFEMILT
RIRTVETERE . Pro S &AM Ot R SR EM ETHES. [, SOD (ALY
Bifklg) A1 POD G ALYl TP E R DL Gl (1w vz, vk 2 08

FRARIA BN E I A T Rk IR R 2 B EOT A A N R K
GhE, SLEBEMNE. N T ROX ARG, Y T2 G RO R R E 2 A HLER, B
FEARAHAR PRI B, AT DR FF AR ML AR IR DI RE - BEAh, WA BIBTAAL R Gt R &
LA B DS S B i 7 A Rt 2 PR AN kISR SR B, iR B = 3 UG
ARV, SRR NEE T T

AR AT = iR A S 2 0 WA P AR BB R . IR SR, R DG &
AR AR ) 2 52 2306, FEOEVIRIE KR T, O 7 ROHRIRE, Y =
KELPRED, Wl IEVERE AR RS, DLIR R g P IR, i dn ) g 4]
WEFRY, AR AETUKI A 72 0 CIRIR A T2 2 — 2 R 5 T, (HAREdE 1 B
SBGEYE B IE RS BRSNS T R GO RIR 105, 4ERF LR 5 AR #AR
WIDIfE. MA, iR, MR BDEE R S E55, (BRI B8 /e RE R,
SR RE R RE RGN . W0y 1RO R R, B R R s IECR B AR R P,
DAZEFF 40 ) 1 5 25 R AT RE o XTI ST, WG ST R A R IR ST T
HANES MRS e R G AU AR B AR R 1 52 7 AR L 45
HHEA) R BIFF AN R B ATE 120 /NFE , WS BIER A7 =20 2 IR A T AR I
TRFENRCAKBIER, FNERES FZE, KR SRE ST R TR AR
AR B P TR AR o 3 WIS A 30 B It e rhOR I, 39 BRI
KRG SRR 7 Z A B R R A, B R A R B A R R0, JEE
1 A MRS B AR 3 A ) T BB D 7

bt e AL B, BATT 75 2SN S AL AR AR AT AR A S LA RS R g K
AU BUR TR 756 Do p(eR K 7/a 58 <11 A I IO S/ 52 e ) fen K7/ I R G vES
AR, DAROR T IR SR AR A A2 22 1 (1 s i B AT B 2

1.2.2.2 #hIBE N4

Wb ER A7 B AR B R A B R 7, XM B S AN AL B I R AR AR
SR, e AE R IR IS X AR

b5 203 BE RGN, G 5 MR BB Ik, IR A RS A T BB . &
2 e X A e A AEAE SR R HE e, DL BRI R AT DR 35 A BT IR A E
VEo [FIR, SX LI Fr (K13 B AN T BE 541 58 22 IR R, AHRARN ™ SR TSR A A B 2 AF
L2, AR BE3 DR A et DU S0 9 K L, DA 58 Rat AT O & /R R A4
AZHRU), SRIM DRI TR R, WG K e A I P 225 B8 20 R T sy T2 S D



B1E BIS AAFAFHMEFEMILT
S8R RFAL . BEAh, AZAEA A WS A B, XA RER M AR R T
REPE NIRRT R BR A o D9 138 N AT AR A, KR IHE IR i P Zh RE TP — %€ 1l Y
AR &, 5%, TR TR, TR TR E B A ARG DL

B 1 H LR B i P A AR A RS I AR A T BRI B RN T
R IBHT G, IR TR AR R A NAA o IX BB P A ( 45 5 1F 3 B0m e
Poett @ i AT BN R BRI A R, DA K 7 25 RS M AR IR A B 1k
G, e AR 38 R RE S A R ER NG NS, AN PR B AT, DU R
X AR PR B AT AT i, S e BHUSMRSS 1 AN [R) SRR 0 WS AR D AR P A )
s . A A R oR, AR I BT, BURA R b 506 &Rt
REMRIOLEERGTEREINM TREES . RN, SR EA R R IE AR
LR 22 5, (B SAR N i AR R A BEE R T R A g n . Bedh, 5l
PRAPFEALL, ORI SR AT R B B LS P IR . ORI R8s R o, K
IR | MR B AR IR K I s Wi 2 R S A o A 1) 2 7, B A PR A e
[ TR B AR R SRR A JCIRAIR LSS K S A s T
gD e ek S G D E S IR (A QN (=4 /= U 5 AN o S N S ER R S SR R

W ER 2P AR AT LUIE L 2 Rl AR R B ) (0 ARG, LRI I P Xt st B AR AL 1
Wi M, 3 7 B SGTE LA AR AT KR AR NS B S A R 4R R0, L niX s K]
2 Al AEIE L R AR YIRS TR AR AR A AE BRI SE IR AR, AR R
A2, Bk, ERATHRHTAN, &EGEHE 2RISR T ILAER, PUEE A
HogB 7R WG A I P R AR AR AL S 3 B AR AL 22 T () N AE R &R

1.2.2.3 IKRIREE 1E M M

IKAEASRG, WG W0 SOKPESE, (RN 7 5 LI RE rh iyl &
T, ENEE BRI SRR “ ARG, HAE SRR S R IR
i AN /INERE0-2 1 K ARIR IS (1) A A0 2 R D R A R 07 AR TR R, 3R Bl e i A
YoRh s A YA RER, IR EMR POt E R SR BB, W
RS B0 S BRI R R 55— R 5 A B AR AR P g R 22,

IKARFR G AR Wit S /K AR A RE I JE o B3 o B e e/ KA R KA Rt
RISCBE AL Rl 7, EATEE I E TR 5Bk BRM B A Foi6e, MYERAEY 2
FEMEASE M AE S RGUIRSTIEE EREEIE M . UIanE BRI N Bl & B3 oK
AR R G FARL K 5 ThRe, BE0 515K A A 22 FEPE R 25 T R A St e R
KA 9. T8 KA TR AR EERPFEE R, 3B /KE MY e
W SRR R,




B1E BIS AAFAFHMEFEMILT

pH {EL A /K R IRTE (13645, & BRI KA LY A RUK A A K.
WG K AEREXS KA pH ELAIAR A AR H BBURK, pHAE 10 57 % AR A0 AT R 2 R /K A b 1 £ 4
VR, SEUKALEYRSETMAS Rt B, WY = SUKAER R AR
T2 KAE KT R LA ROK TR B, AR T RESZ 27KAR pH BT =1 IRZ R o
AR, =BKAEFTTERIKA pH (EH 6.30 FH=$] 6.81, HSFRMAFHMN, X6
7Pz SR AEREEE H el AR AE /)N (1) B B iR A 22— 2500 iy — SRR A4 A 1) pHAE AR
WHERRDCEERA R, BIOeaEH®AL, WK KE COx pHAET E, Mok
2 a IRFEBBEZ 1N . 222855 NROHHFE R LRI /KARIN 4% 3K a IKIE S pH 235 IEARG,
HiRah . R AU REIE AR, 5K 2 EFIEMR, 5REKEEREIEM
Ko 1S FRITZERT TR BUERAT 2 BRI 7 A BUKR AR pH 9324652 B3] DO 42
WHIRBER R, RN 2GSV ERNEER, KA 38 1 WK A o i — S PRI
o BRI T KAR ) AR S, BEMSER 1 pH {H

IKARIAEE I Jot B WG A B B A7 R LB, ¥ el AR A R AT AR 2 X iR L i S A )
& O™ FFEM DRI ER I WG 2K AR A X K AR ISR AR A 13 A W] DA s S AR A (1 A2
SENRKR, NKELESBEMEYZFEE R SR

1.2.2.4 H3EEN M

MR A A2 AL A, R PR 2 3 H A 48 T AR P oK S T DA B 5 ¢

POT NIRRT e TR T R 28 AR A UG R 1) 2R AN 3 A BAT B B
TIEAY B AR, . EJT. KA pHAH, BERSEHEEMAIR R E.
ISRV AR IR o A, LI A B & R i e 0 YIE sl FAE M, SRR .
EARACSE L AR S — R I A BARFIE A 2, sEMIE A KR B RS R SR S5 ThRE -
L 5T B ER A [ A B K AR A B R AR . AR TER B, 1T
TR AR R A T HARR A, SCHEARAEEY), B KT Bt Je
B2z o,

TIEE IR EH A AR AN B R TR TR RAE . AR FE Ah s T TR
RIE TIPS HRREAN, HAE C:N. CP BLA NP IR R, REBAENIF
fili RITAE R B W B IR RO — N R H B E R S 80300 ARSCRBIR T 7 LA B
Bt DR T S ELR T RERE R 2R T K AERE BRI | ROR DU — A e
BN,

UEAk, 3R pH AR 2 320 R IR (AT AT AT R A, 0ok 2 o )
G E AR TE AP AR KB, xS FsEE S, B3 pH ARG EH T RER T
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B1E BIS AAFAFHMEFEMILT
BB ERZ o IMLIEPHEE X PR R 7 B E 1, RARAPTAL
P A 45 - ST Wi 5% 2 W0 E A i DA S pHL (B 58 25 i v O Pk . FUIA T, 4% pH E AT
IR AT RE FELAS R AR AT RO s BRI R e, S2m 2 3 b IR 0 (B A R, it
138 BARR ARG . EWPHER T BUE AL EW AR 5B RIERE T, +
B opH K sAmEE . SRR KA ML R L1 G RV R T R R R B O R

LIRS 2RISR E A, WG YA RN ZS R G R 1 o< e
R o R IR AT A B K AR A A s UG R AR A 5 IR
AL Z TH TN AEHR R o

123 HEEYBELAEFRSRERAMRIRK

WG B 2 3t 1 52 BN SEIE S A B AL A )™ B . TX SR R A S
A E NI AR, RO SRR BAATOVEE. 2R, 5 b Ry AT
Wb ORI TR I P G . A R . BT RCRAREE AR, PRI R 75 R R B ey B DR B i
2.

AL FRBARNEO LB E Y PR R (RE) WEETE, Cf ZNHT
ERmBeE R SR AT PRESOARE H AR H SRR R R A, 8
PRV AR RIS G IRE DL IR %A, BRI R A S L EF .
b, T ARBUEE H LB TR BRI R R BUIR, X T R R A BB S H T L.

EMMHLRRE TR OORBERETR) ZIRAELEA T, HEDEIAN, 5. 9
MR A S A Y B R, AT & E IR SR N LR IR R AT R TR,
IR A A AR B 7 BT 22 5 OB AR WD BOR . Bk SO 8597 2 15 A A
Iz R A, IRALSEEAT IR IR, U RS 5 H o oh £
TP BORSEDUEMR A . YA R FRER ) Z N TEB R PRSI, B
R g TR R KL A m 5 2 s,

H AT ARG TR BOR ARG PR 57 7 1 B S UG 1 8 35 sk, ke
PR A A R A AR A R A R SR AR SR S AT A A i S A A6, XA
et A BT 5 G Y AL 25 IR BT 28 o 9 AnFE WG 24 PR R A6 A iR R A 885 7
F, W WAL IR AN RO, Conert e 2R B SREUVIME A, @ A A
(5 PR 5 77 B AN A KR 5 700 S 3 B vy 1 R A8 A I £ P A R 07, FE WG 2 O ) 2L
WEFTrR, 25 SRR W) 25 A A A EL b R A A P A 5 3 7 T R DL 4, JF HLAE 0.5 mg-L!
NAAA 2.0 mg- L™ BAAL & NI 1 b (A A RCRES, Fidf el G THe i
Py TN BT S ARLAA R B T R AN SRR IE T, JRROR IR 5 S BRI AR B IR R N
NN69 +IBA (0.2 mg-L™), #37 1 f/hHRRESEIEE R, NI/ R RTT 5 EE
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