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YIEERFANRERLNNE, BrRAT 571533; 2. LhRIWAZEZHFEER, BIEEIX 430070, 3. ZEFRIAZFER
HEYFERE, ZEEE 665099

# E: ERNRHERREUTREISEFMEMNFESRE, RMXTINFRENHR=MYEIERRIERMRS
MEMSENEMEREATM. B, AAREREIZERREFERBMRGE: 0kg/hm? (CK). 3.2 kg/hm? (Zni).
4.0 kg/lhm? (Zn,) F04.8 kg/hm? (Zn;), MEMESESBEHR =M EEBIBIRURIER R D S ENN ST, &
REPH, In A EEEEREMTERSE, BHEMREKNAS, HRAHEELEEHNSIMMEBISXTIRKE, A,
KPEREFEGET XN A BIERSEFENEER. B=MYEERE. SASEMEBRRIIMERIRE
RN LEF, FEAELEFA 304, Zn: SMBEXRNGE, Zn IR Z, Zn §] Zn: SMBIERHSFHES KO 2-2 8
EH-1-I0gme (2AP), 2-+73E8. HFEBRIESNRE LMREE, Hb Zn 0BT 24P, 2+ EBNEES CK1E
bt BULE A0 203%F0 80.89%, Zn; AMIBTEMIFESS 20 d BY 2AP RERERE, M Zn: LENNHERE. HiE _IHINHE&
ENEREEERHIER. BE=MEEERMMRD FTREZEERZHERENEERIERNBERERR I, HptaiE
FRURFAFIMH R HENBINT AR EENESRESEHIER, MmEE CoRENFSNICTEEMNE 2AP 71
BREKRNRI., B2, EEFBLIE (4.0 kghm?) BEREHBR=HINEER, REHREAE, BHEMAER,
EIERMENRRSEESHIHNEE, AR EZHERMEERAREEICKIE.
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Effects of Foliar Zinc Application on Photosynthesis and Volatile
Components of Pandanus amaryllifolius Roxb.
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Abstract: The application of exogenous trace elements can help improve the yield and quality of certain economic crops.
However, the effects of exogenous zinc on the photosynthetic physiological characteristics and volatile compounds in
Pandanus amaryllifolius Roxb. (Pandan) remain unclear. Therefore, this study established a field control experiment on
Pandan leaves with different zinc spray treatments, 0 kg/hm? (CK), 3.2 kg/hm? (Zn;), 4.0 kg/hm? (Zn,), and 4.8 kg/hm?
(Zn3). The aim was to monitor the temporal and spatial dynamics of the photosynthetic rate and volatile compounds
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content following zinc fertilization. The results indicated that Zn, treatment significantly increased the chlorophyll
content, promoted the leaf growth and development, and resulted in the highest leaf count at all stages post-treatment.
However, prolonged high-concentration zinc fertilization could inhibit leaf expansion and plant height. The
photosynthetic physiology, photosynthetic rate, stomatal conductance, and transpiration rate increased with zinc
concentration. Around 30 days post-treatment, Zn; treatment performed the best, followed by Zn; treatment. Zinc
fertilization increased the content of volatile compounds. Zn, and Znj treatments were notably effective in promoting
the synthesis of several volatile compounds, such as 2-acetyl-1-pyrroline, 2-hexadecanol, and ethyl palmitate. Under Zn»
treatment, the content of 2-acetyl-1-pyrroline and 2-hexadecanol increased by 203% and 80.89%, respectively,
compared with CK. Znl treatment significantly increased 2-acetyl-1-pyrroline content at 20 days post-application, while
Zn; treatment significantly promoted the synthesis of squalene, neophytadiene, and phytol. Correlation analysis showed
that the main volatile compounds in Pandan interacted with agronomic traits and photosynthetic physiological indicators.
The increase in photosynthetic rate and leaf count promoted the synthesis of squalene and neophytadiene, whereas
elevated intercellular CO2 concentration might inhibit the accumulation of 2-acetyl-1-pyrroline and squalene. This study
demonstrates that appropriate zinc fertilization can effectively enhance photosynthesis, increase chlorophyll content,
promote leaf growth, and boost the content of volatile compounds and characteristic volatile compounds in Pandan. The
findings would provide a theoretical basis for optimizing high-efficiency cultivation techniques for Pandan and
promoting the sustainable development of Pandan-related industries.

Keywords: Pandanus amaryllifolius Roxb.; 2-Acetyl-1-pyrroline; zinc fertilizer; agronomic traits; photosynthetic
properties; volatile compounds

DOI: 10.3969/j.issn.1000-2561.2025.07.001

BE=Mt (Pandanus amaryllifolius Roxb.) A8  (NESE5ZMEERYEN, EENXESIER. BEUEK
HIRIRl (Pandanaceae) BEFINE (Pandanus) 2 KRBURRERBIERFTEEFEEZEER"Y. R
FEERASEEY, 20 HE 50 FRSIAKEE ESHEENSHEDERESSENEEEREE
ik, WSZMETEREE LT, e, BN RE, EEHXEENHE=MERMYRIRER
Emh. IE=HREMSNESRSMZHNEF /% E. KSHEREENAREETZE. Alt,
BEEmERXE, HEAMYRAERR. EAF] HFREEGCENH=MZiEFNEREEEEN

W mRTI EEEENAMNE". RZEBXMLEANE.
"RE BRER=MREIEANREE, 2 MERINZEWFARNARTE, FEEE

REMEMRENEERS, BEHELEREE  ERENHEHAEENELMRS EEREY
HIRSEER), BRI, HEHM ST WUs, Eit, AR NS,
KT BRI 2-Z 8- 1-IIEME (2-Acetyl-1- B ABESIRBRARREEEARNENS
pyrroline, 2AP), EEWEZHELI, ALY Mo REUERRELMYRNESSZN, H05
B SRR KB . BEX 24P YE  FARERESENEEESHS (24P, BEE
HRETRN, WTEHARYMERREDE %) RNENERERRESHAER. KRR
SKHRN. BRI, WOF 2AP EMFMERNHARE  ZANKNEERER, AHHEEH SRS EE
BEREE,. . 0. ABIKOENAAE. B SAREECKE, AT LR RE,
BE, MEFREEAECS. SRR, SEAET). MEHEE.

B0 KSBRE HRIRE AR AP 2B, 1 MESEIA

HEMHAESMmERE. HEBESENMS, XEE 1.1

MRS ER =M AN A ET %umzzmmtjzaﬁ KARKAEHARRETBREEHTHX
WAERIN BB A RRIR. FERHEYIE (18°24'N, 110°6'E), Zidieitit

METERREMEKMVENERTR, & 2 ERBHIRLAE, TiEpHH655. 2EZEN
EMERKFPEEEE(ER" %#1’E73$E%44\ =R 18.20 gkg. BHUREEN 65.8 gk, WHEERSEN
MEITER, B ?ﬂl‘]iﬁ%ﬁ’]ﬁ,ﬁz I 1503 mykg, BRI EN 55.82 mg/kg. HIHE
EMRRTHER. EAMR. Jréi{?k%é.\i 131, &R B7989.33 mgkg, BRFSEN 17.36 mg/ke,
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EREKRS—H. THEREBEFEEN 1a
BB =M B tERR, AERIRER (GC298%)
e E8RMHEMREBIRAR,; TKSE, I
KBRS B AR Z R B IR AR,

1.2 7Gx
12,1 AR ARERBENXEIZIT,
XERA 10 m?, HigE 4 MEE/NX, NNXZ[E
BJFE 1 m, LABRILGHN., RE 4 MNFERA
B4 0 kg/hm? (CK). 3.2 kg/hm? (Zn;).
4.0 kg/hm? (Zny). 4.8 kg/hm? (Zns), F9 Bi#
17 1 IXEABANIE, MefBA =AM EERE, 81054
BB AR IAMR 400 mL, FREHMH FE#HIES
WRhe. I8 (FREREE) RABNIEILRHEBRA
B, Zn%221%, ZHEZERER. EiE.
(EREHEHEEEERF—H.
122 NEEEERNE XeEEERNNE
FEBRRIESF 9: 00 FFoa, MEMRFTIEP 12 &=
13 M EFRH. BMRUEESNE 308, BFE
198, MENEE A EEREEEMIY (Li-6400XT,
2%[E LI-COR 8])., {#/A TYS-B HEMHEZEEN
N (I E=AREERAE) NEMERE
B E (SPAD {H) . pBINEE F I A _E38 1/3,
chERFOTRED 1/3 B9 SPAD {8, ENEIEEAE R
FHY SPAD {&.
123 #%&E. K. HE. HRENE Tl
QbERFS 10, 20, 30 d XgHkE. M. HEEHT
2, BEXHREEHITRELT.
124 ERMENAEDNE () E\ERMWE
B, B, REXKZEXNH=MEREHET
RIBIIABRIR, HEMFERENEEE.
fa, BHWRE S e =M, FIEEEER
BEBEX), MEERERIEHITESENZERITTE.
BHEENMHAFEBZETEHOEO0ES, MA
15 mL (7K ZEE, RN g T axF.
ERERIRE (50 C) ME@AINER (400 W,
40 kHZ) &M4T, NBOESRRESHITERE
ZEY, HFEERTE 60 min, BFEEEN ISR, %%
EEHB 5 g TKmBRMNBEOEP, RERSHRK
. &EEA 5 mL —RMEESTEsIREEEII Rk &E
HE®RAKR, FHEIFLERA 0.22 um BIBHIEEH
Riges (Bk) #HiTEIE, SRR IINEEE
HRAP I,

(2) BERMUYEREN. XA GC-MS A

TERMEMERRN, WEMNE S Agilent
7890B-5977B GC-MS (ZEE Agilent 7)), Bi&
#£9 DB-WAX (30 mx0.25 mmx0.25 um) 38R
REMAERF. BIERRERHRNSENRERE
USR5 iE#H#1T. GC-MS #iELNES & FEEE!
NAxE, BEEEER. RIFEARXITEURTZ
BRI, WEAMIRSITER. EEDHT.
1.3 HUELE

A F3 Excel SRIFHITHIEEEE, FIFB SPSS
26.0 G HITFEITREEITE. AESITMN
ZEWKR S, FH Origin 2021 1 GraphPad
prism 9.0.0 FR{FFERREFZ 42,

2 FR5SF
2.1 AEFFBL BB =S4 RN
WE 1 Frx, AEEEERENTE=MHMTA
KEFHITE—ERN., NEIREMEFBEE
EREMMZEL LH, LR BRGNS TS
[RIRAIES,; YIEARER (10d), BUIEBERNES
EREBRARE,; E20d40, Z: 0 BEESTF
CK ;T 30 d BY, iZ4 BRI B IEREARE LTS,
BEEENTHEMLIE, BN, ZnbBREENT
CK F Zn, 838, SALSEXTEABA BRI M 55
BEREEM, EEEREENENMAS, BEE
RIRRTERVIEINESCREEF; 10d. 20d Y, &
RIBENSHASEESAEE, £30d0, Zn;
RHENSIEERIIRS, BEST CK# Zn
bR, fEE COLRENZHWS EMEREER,
bEEEAE e FIERIEINMPER, (EpEIERTERYIE
INEH2AREIEES, EEREEEI 204, &
RREERYEEIE) COIREESARE; M 30 d AT, Zns
RREERYBEIE CO. RERERTHMAIE, KTHR
F CK #1 Zn, I8, ZEZBRRSHGER. S5
SENTHBEaER—, HYbEEEEREEINT
FF, FHEA B EREINE RS S;
10 d B, Zn: REERIZEBEERFACSTHLE,
HEZSTF CK, B85 7Zn, In Y EEHESAE
Z;, E20d4d0, SNEEEBEREERET—H; ™
30d BT, Zn; MEEEIREZEST CK # Zn) 0,
HEREENET U EFERELENmNEA S
Z HERELEERIS 10 REERW. BRTF
CK, Zn BB =HHERRENSEEEEY
il 89 e} &
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TENEFEBERTLEBAEZERBE (P<0.05) ;| sRRERAEE,
Different lowercase letters indicate significant difference among treatments (P<0.05); ns indicates no significant difference.
1 TESHELIER =ML SR

Fig. 1 Comparison of photosynthetic characteristics of Pandan under different zinc fertilizer application rates

A, 20d Y, BUEEINHERENREER
BTN, BEFAEE. 30d, Zn REHMEZ
HENZERRRFEZEST CK.

LEFmA, EEREMEEE, TEE Zn-Zn;
(4.0~4.8 kg/hm?) EAERETTE, BEERUE
HBE=MEIEEER. B, BEiEE20 30 d FFEY
MRLNEE.
2.2 AEIEBLEXN T =HARZHEIREIE

AR RBIENARE B EREGIEEBE=
HRZHERHTUES T, WREAREEEER
ESNWHR=MHNAZERFE—EFn, BESE
MEERWEN FFHNTH L. HE 28, &
EtEREAEANIERE, Zn, IR TAUBEZHH H 21
EEGEENSZSIMMEBRYIARIRAE. FRE
QEBERY 10, 30 d, Zn, REAIMH R HEEEBIT
Efthgh IR, L EEEREE Zn BN FEHBIE
M AERNEKIIAEREE—ENEHER.

M. M. %5 3 MERKIEREFIELIE
EREHASLERFRERHIBENERM.
MfE 30 d BY, HHRTHEMIE, Zn:ERIB=
HHE 3 MERYIEEERE, HEUKBEXEME
FEIRRTBEXY It F VY B LAR BRI S B4 —
ERIHDHEIVER.

23 AEFEBRLENE=MHIER YRS
)

SRRSO =MHH FHITIER MR D
M, HEFEH 22 IEEMEESHEY, XEL
BT MR, BE3. Bp3E. ODRMIEE. KM@
FRZE. JE3K. BRRFNBEZESE 8 A1,

EEENARNEANERAT, FERLGE
ZHTHERMERSERERAEE. EREL
HEH 10 d, IEIRSEMIRINTE Zns CIRPIFIGH
MfE CK. Zni. Zn %EFIFREH, EBREL
HjF 20 d, FrEGESLRERLEYTHERR
FE. £ CKH, BERMRALLEIX 27.78%, FE
BRORPEESE (22.22%). BKIESR (16.67%). )&
2 (11.11%). M8 (5.56%). BRZE (5.56%).
IRIEERZE (5.56%) REAZE (5.56%). 5 CK 181U,
£ Zni, Zny, Zn; Q0B , EEEMIRBEMGIEE
Sz, HEHH BRI 23.81%. 27.78%. 26.32%,
HRBLRIWSUHNERSHLEKRBARRE, Bt
5 ck EMHEBM L. ELEE 30d, Bk Zn,
RIESN, EbERIER MRS ES FER G
520 di—%, zZn SCEAIEIZEYIERA 20 d BTRY
4FEAOEZ0ARI 1R (B 3A),

REARLGCEEERMERSMELERAR
K, BEESESELARN—ENESM (T 1).
EBiEEEE, SUHBNESHRS IENE—TERE
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E LN, Zn., Zn: NIERMNEEAMENSE  3B). 104d0T, Zo M BMNKIERY G EEES
SEVNEEST KM zZn, 8, BE204dBHE F HE 8 & B ; zZ n 5 & B
WIENEAEYRESEESEF 10, 30d (B

TRNEFEBRRUEERAEZEREE (P<0.05) ,
Different lowercase letters indicate significant difference among treatments (P<0.05).
B2 FEEBLER=HARZHIRR

Fig. 2 Comparison of agronomic traits of Pandan under different zinc fertilizer application rates
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3 FRFELGEERMYRNSE (A) SELE (B)
Fig. 3 Comparison of quantity (A) and content (B) of volatile compounds after treatment with
different zinc fertilizer application rates
X1 TEHELER=HHHELEYERSELR
Tab. 1 Volatile compounds and contents of Pandan under different treatments
%5 HAMEHR & Content/(ugg!)

Category Compound name CK 7n, 7Zna 7n;s
=23 2-Z B EL-1-NEh R Ik 50.75+6.53¢ 86.01+11.26 153.8+2.35° 62.73+9.71%
[iEES 2-+75E8 5.44+0.78° 7.06+3.26% 9.84+2.972 6.96+2.282

[ 3.0240.03° 3.37+0.26° 3.00+0.25¢ 3.330.41°
B 11.10+0.62° 11.83+3.04° 10.04+5.75b 18.33+2.41°
HSEE 172.87+8.75 147.47+0.79 170.17+5.21° 174.85+7.35°
K 24T TEEE 13.07+5.27 15.61+7.31° 17.1146.95° 15.40+7.08°
ENEES 2,3- TS FFILIE 33.2541.32¢ 41.72%1.15 82.113.42° 83.94:1.49
HERZ 8.20+0.09® 5.42+0.26° 9.94+0.73b 12.84+0.62°
RS 8.09+0.31b 6.41£0.25¢ 10.49+0.74 11.58+0.96°
kRS ERZE 3-BE2-(5H)-LkIHER 69.56:3.79° 74.84+3 47 113.71+5.39° 104.9+2.51°
YR BRI 237.79+4.07 271.89+7.12° 318.67+17.66° 318.52+1.66°
R 95.09:1.48° 91.96+4.62° 120.26+3.43 116.56+2.81°
HHES 2-FRER O 6.61+2.36 7.93+2.64
3-RE2-TH 11.75+1.02b 15.75+1.93> 16.23+0.92? 18.08+0.45
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5,6- —_S-2H-Mt1E-2-FF

ZEE RN

EES L-AEBZEEC) 43.75+2.71
PR TFPER T FER 11.4+1.08°
VB 2 Bs 12.44+0.90°
IFHEER 2 B 11.01£0.22°
W RRER 2 B 21.66+3.82¢

B MHEEFENHE=MNAEERRERMENR D RIS 7
8.22+2.74
1.820.61
55.85+3.4° 60.72+4.77¢ 60.25+4.06°
113141280 11.99:£0.58 13.21£0.75°
13.66+1.54 13.98+0.41¢ 14.46+0.33¢
15.3440.87° 15.49:1.920 15.390.90°
22.547.54% 25.27+0.78" 34.34+6.16°

T BTHERARNEFERFLEREREE (P<0.05) .

Note: Different lowercase letters after the same row of data indicate significant difference among treatments (P<0.05).

NERMRSEEESTHMLE, Zn bR 204
B, MIRXMRESERES THMLIE, 1040,
CK. Zni. Zn =ANGIBIYRIG B ISR D,
Zn; QLIBMIREE D D EFIX 42.53 pg/g.
=M R 21 FEEER G RAYHE
—EHMRR (1), SFENSHIERMEYIRN
2-CBRE-1-ILIEME (2AP). 1RHABRZEE. 2-17X
fe. AEREE. 2,3-"SXFH KR, HEEE. PEEE. 3-
FRE-2-(5H)-IXIFEE . AEEFIFME _IEENEK
BEEZERERHER. HP Zn. Zn: b 23-25
AFHOKIE, FEEE. 3-FAE-2-SH)-IKIEER. AEE.
FETWN - RE2-THEESTHM 2 M
H, Zn4E 2AP fl 2-+/\EBEEEEE S THM
QMR , 3 CK D3RS 203%7F0 80.89%; Zn; {HIE
REEE. EEFTMRIEEEES THMGIE.,

ERRPEENE=HEFSAD S REHE
F.
24 ARFELER=MSFIEESERDHE
1]

KRS R EEE B =M 4 PN RBES
MESYRNRETHH—TRANDHTERI, 4
MRS Z R AREENSE, BHE 485/, 20d
BY, Zn 43BN 2AP S EEZS THMBLIE, 1K
153.80 ng/g, tb CK & 2.03 {&; 30d i, Zni. Zn»
RIERY 2AP BES CK ERAEE, In:EE
ZESTHMAIE, B 2AP 8 20 d WEASTF
10, 30 d, FEXAERSENF RIS
EWESEFMEA, 10, 20, 30dA8S, Zn.. Zns
VRIENAERSENREEST CK f Zn 1,
= o B M8 (10 4 B ),

TENEFHBRTLEREREZ (P<0.05) .,

Different lowercase letters indicate significant difference among treatments (P<0.05).

B4 FEFEBLGERZHSFIESURSEHNER
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Fig. 4 Comparison of content of characteristic aroma compounds under different zinc fertilizer application rates

HIEEAEN THRERSENRHERERSENE
QEEBIRIR ST Zns>Zn,>Zn>CK, {BREE NIRRT A
gUiEmN, FEL4EEBREREERATR/N,
E304d0, AEKEESRESIEENEESMN
10 d BFHY 70.74%RNE 5.58%, HiE B4
FERY S BT XIEERERY I A 23 H BRI,
“EYE I A EEES THMBLE, M Zn
IR, FIETHENSEHRHUNEERS. X—
FERF—DUL T SiEAENFEEISFEESY
RE AR HIER.
2.5 REMKR. AEEBIERSIHFIEESKD
FEPSERD
BEXEPITERER (B 5), B=MAYHIE
BERDEERZHIR. XEEEERZBAFRE
—ERXKEME. 2AP RE5MEE CO IREERE
ZERIEX (=075, P<0.01); BRESENS
HHE# (=0.61, P<0.05) FOSEIERZE (1=0.67,
P<0.05) EREIEHEX, MSEE CO.LREER
EZ0HEX (=062, P<0.05), XAHFHEN
BN SRR BEEI R EE(EH
{EF, MiRE COo. RERNF BRI EEHDEI 2AP F1
BEFNHR. IESHRIESHERENEE
(r=0.62). HEEE (1=063) IARESE

(r=0.64) 2EEZEIFEX (P<0.05), 5iB[E COx

REEEE0MHEX (=067, P<0.05), H—%
5@l T B ERMENE S AEGMFE %
BRHNEEY., Kes5HK (=059, P<0.05).
M5 (=0.64, P<0.05) ERFEIEBX, BRT
EHRESERMESERRREZBNERKR. 4
MHIESYRECSEBIERNEXEERS
E—X, HFEHREamflfE"m, eilesk
RS EBERRIBEXE LR ERE/Y
B,

3 11ig
AARRKT T AR EEERAENHE=MHYE

5. KEMERURELEM RSN, SRE
~, FERYIERXIBE=MRYJEEMRE. HRAEK
UREA MR SHNEREEREZNREER, B
HAREMREM EAKEIE. AHARP, 7
eI =M e S ERBY BRI E R SIS /I
R—H, P TH#EANGIERXEME
TTERMEE(ER. WANG R REREE L
BASASERREKBETNNERS COo. M7
D TRENED, XTEMREER=MHE~FB
ALABIE EH tHICRIE AR G EERTS, #
MEEEER=MIRE. ARAREITREDT
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TEFRRERAX, BBERFAAX, HFARAXRY, *RREZBEX (P<0.05), »*FRREEEHEX (P<0.01),

Red indicates a positive correlation, blue indicates a negative correlation, numbers represent correlation coefficients;
* indicates significant correlation (P<0.05), ** indicates extremely significant correlation (P<0.01).

5 REMIR. HEEEERSHHERMEMREX ST
Fig. 5 Correlation analysis between agronomic traits, photosynthetic physiological indices and
characteristic volatile compounds

AEFEEAELENE=HRZIERINE,
RIFFIEXS R EMRII S I E BRI R =1
X2 BRIKEIAR M R EERER L. X—&I
AR TETREEHBEZ=HERKEEPHERN
HRETEMNENSR. BANS, Zn0BEE
BAMERENZE, BHX—IERMNE 10 d B
BIEBEW, FFEZE30d, KA Zn LEXTHE
ZNERSHREEEFARRHIER. B, Zn
LEH=MHHRHEESNRIGERXE, 5
R 10, 3040, HAHBESTHMARE, #
—HIESLT Znp SMBTE(RHM R ERMABLE
RIRWRAIER. BRI EREAFIEA S REY
ERGEW, TEREM T BMkETHE,
IEANARFAFTH 30 d BT Zns REERRIAGIDEIVER,
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