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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’
(Zn;). 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 con-
tent, 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 photosyn-
thetic 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 in-
creased the content of volatile compounds. Zn, and Zn; 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 sig-
nificantly 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 intercel-
lular CO, 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 prop-
erties; volatile compounds

DOI: 10.3969/j.issn.1000-2561.2025.07.016

Bt =0 ( Pandanus amaryllifolius Roxb. ) &
YA AL ( Pandanaceae ) 2 J )% ( Pandanus) £
AR RURFERMEY), 20 D 50 ARG AT EH
R, BT R TR A T T B B
SETIT o B 22 I DR MR I A OB R IZ I A2 T
R A 32 GTE, HE LMY R . B4
Aot St Aol B A F R A

BRTE 7 AMOREE S i R KRR, 2
TRE B =2 I BT S SR 2R, B =2 I [ B A R 25
NAEFEHE, PEEO SRR WK BT
J R 2-ZBE-1-NE RS AR ( 2-Acetyl-1- pyrroline,, 2AP ),
FERRZ WA KB, B2 ™ A A S
Bk “KF” o BN 2AP WIS HARBITREA
XFFHA B R R IR R W R IRA . BT,
XFF 2AP A B H 2R 5T R EAETAER . B
B SEIRFIK M) I . PRAEE, A AEE T
RO BT s ™ 55l ko
MR B AT Y 2AP i BE 22 A E S A
Bl AR L SY XS T L B 22
FERE I P 2 97 Akt it S50 38 5L A A A % 12 FH A L
FIA SR

TR BEYAE KT LF N ERITER, £
M PR RN B TR Y
TR, [EEME AR RN, &3
HYIRNLT 4% . BT, ek e R

NS5 Z T, ECEER . YK
KA LR AR A o R AN, R
EREXT Z R e A A R E R R T A
G, (EBF XL BRE 2 43 R ) SRR R ROl
FAH ., REMEPREEETTRmIEE . i,
TR PR AL AL BT BE 22 - 22458 B A 52 Wi AT B Y
Flog i SO e 1

MRAE IR AT U I B S R, R T
P IS i P X B =2 k£ e AR AV B
FRN o I, ASBIFSE LS B 22 A R 42
8 1o A A i Sl AR A [R] B A e 4 % O
PERE . AR EMAR BRI LMY 35 5, 1 1D
AR A BE A IERT A Ul (AN 2AP . ks
55 ) MBI S ea B RZHIR
ZIE BN TERR 2, A DA B 22 g SRR B 4
FOARSEALBIIE AR , (2 E AN Ml nT 728 A J o

1 #MRER=E
1.1 #7#

AH5E R IR A0 % B T p A 0 T 2%
BEPCGH IR (18°24'N, 110°6'E ), 46l +- 13
KR EE, T4 pH o 655, @A EGEN
18.20 g/kg, HHLFR &N 65.8 g/kg, A &N
150.3 mg/kg, HUBE &4 55.82 mg/kg, A&
A 89.33 mg/kg, AREFE N 17.36 mg/kg.



1694 o AE A F AR

% 46 &

HHUERKRE—8. THRREHEFTY la
BE == i B ARL AR ARG Pr s (GC=98% )
W H IR AR R AR KGR, T
KGR RN V4 P Bk ey A7 FRA F
12 FHik
1.2.1 RXEt AARERHBEYLIX At /)
XK 10 m*, %8 4 MEE/NX, /NX 2]
[EFE 1 m, DRl s, w4 A8 H
FALBE . 0kg/hm® (CK). 3.2 kg/hm® ( Zn, ).
4.0 kg/hm® (Zny ). 4.8 kg/hm® (Zns), T 9 Ak
A7 1 YO B AL, i AE Jr = i w44k
TG i £ HE V25 Y 400 mL, BRAR-45 A i F #R 442
Wit . FEAL (BREREE ) RN LBHE A BRA
RN, Zn%=21%. 0B (A R . DT .
B3 45 H 8R4 B R — B
122 k&AM E PRI EF9:00,
I TS 1/2 2 1/3 1 B30 . B AL B
B 3 W, BOEYE . D (s R O
A HMAL (Li-6400XT, €[ LI-COR 24H] ), fii
I TYS-B BU5S5 it R AL (WA = B
BRRAFE] ) MEMER ZMXT & (SPAD fH ). &
S5 A Rk A BB 1/3 R AT R R 1/3 1) SPAD
i, BCFEVE R R it R %) SPAD fH.

1.23 #&. bk, PR sPREME R
AhEESE 10, 20, 30 d YRR . PG, BESERES T
i, R R BT ST

1.2.4 #EEADASHAE (1) ELEEY R
B, B, RAJOK O EERBE 2 2 1m0 g T )
JRIEI DIEBR AT, B ORI o e v T R . Bl
J&, RERRFREL 5 g BIBEEMET A, IR BT e AR
RN, DU B A SO AT IR SR A B R
KBTI A B E T EHNELE R, A
15 mL M JCK B, #htkrt ot R & TRl
FERRE MR (50 °C ) FIEA TR (400 W,
40 kHZ ) &M, X0 R RIRA Y TS
B, FHREEmE Sl 60 min, FEEHC VS, ¥R
EEH S g KRB OE T, WEREZARK
I%e WJEMER 5 mL — UM SR R S i R K
AEFRE AR, JEEE AL 0.22 um A HLAH
Erubds (Jede) sEATad g, U8 m At
FERR A RRI

(2) #HRMEWFRM, RKH GC-MS £ AR
TR AEY Bk, e A5 A Agilent 7890B-

5977B GC-MS ( £ Agilent A H] ), %k R
DB-WAX (30 mx0.25 mmx0.25 pm ) #1447 5 T 4
EAE . (O BT ARG I 2 2 R IR A5 T
o GC-MS ¥ b ¥ 2 2 f s 25U 1 5 g, ol
SURTLILEY (a7 = K= /N W - N D NI 13 N P
XHEREY AT M . BT .
1.3 HEAIE

FIF Excel 3x{FdE 7542 ; FIFH SPSS
26.0 FAFHAT - EERBREZE TR . 7 220 Hr R
ZE LB A FIAH Origin 2021 Fl GraphPad
prism 9.0.0 #AF5¢ BB 25 il .

2 HRE5HW
2.1 AEIFEAEALIE XS BT = M S 45 R =200
WE 1 Frs, ASTRVEE A it FH - X B 22 i i e
A FEHER = A —E WS B e i e L
Jite 8 A BE T A B TE, B A B[R] 4 34 in 2 5
B UR A EaE BEIEmSE 10 d, S ALERRIEEE
AR ZER AL E; BB 20 d B, Zny AP
& T CK; MW 30 d I, ZANFE R G A MR A
RS T, T R T AL B, RS, Zn,
AEFRIR BT CK Ml Zng 0BRSS LS x4
IS A 3 o 7 55 0 G SR AR, i B A P £ Y
BN T, i o i s [ 38 i 2 SRS T
oo BEARmEG 10 d. 20 d B, 440 BEE] A9 SLS
FEEFARE; BWOE 30d B, Zng IS
FERH RS, BEST CK Al Zn 408, A
CO, WRIE ML FiRTe bR A 2, Bl EF IR it
FH B2 A BE i R AEG, {E B it B ) P 3 [ A 22
el AR BRI RT 20 d, A0 FRAY A
B CO, WEZRALE,; MmE 30 d B, Zn; 4k
PR B CO VR FE 3 IR T oAb 2], JEHAR T
CK Fl Zn; 2b3, ZEBHOR 56 A H0OR | LT E
AR Al R 3 — 3, Y BEEE ATt FH &= i 3 b
I il Fof [0 ) 384 S22 S R s T e 34 Bt 10 d
B, Zny Ab3H A 78 16 HOR & T HAAAN B, H B 25
T CK, 85 Zn,, Zny AbBR[A1 22 RN FmE
fiti 20 d B, 2% Ab 3 [ 25 9 R T — 50 1 i
30 d B, Zns AbPEFR B E ST CK Ml Zng ZbEE,
- 253k 22 4 X 25 i A kX A B Ak ) o Y i Ry
=, HEmERTGE 5 10 RENC B8, HEKET
CK, Znp ZbFREBE 2% 28 R AH X 2 2 4
T, M 20 d BF, 4540 BEE] A S A



55 7 1 = RS I X BE 2 MO AR R R PR A 1 5 1695
. 5 0.08 o CK 400 -
A = Zn
g4 < 0.06 . Zm e 3000
zﬁugf TS 004 83 200+
S 2 = E =5
] I =3
REE T3 00 2 100}
& S
1 1 1 1 1 1 1 ] 1 1 1 J
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
LAY A] Treatment time/d Kb 3R] Treatment time/d A3} A] Treatment time/d
T, 08r o gK 42 _g_ (erll(l
‘T' - Zn
E o6} 2 -aZny 8 40 - %nz
E 9 - Zn, o '?;‘ - 403
) E 04l 2A
& s &<
2 02l %
£ 36
% 1 1 1 J I 1 1 1 J
E o 10 20 30 40 0 10 20 30 40
AbFRET [A] Treatment time/d AbFRETE] Treatment time/d
P<0.05 ns
Different lowercase letters indicate significant difference among treatments (P<0.05); ns indicates no significant difference.
1 FREFFRACEN =R &R
Fig. 1 Comparison of photosynthetic characteristics of Pandan under different zinc fertilizer application rates
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Fig.2 Comparison of agronomic traits of Pandan under different zinc fertilizer application rates
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Tab. 1 Volatile compounds and contents of Pandan under different treatments
B B4 B # it Content/(ng'g ")

Category Compound name CK Zn, Zn, Zn,
LS 2-Z, Tk - 1-n g ik 50.75+6.53° 86.01+11.26 153.8+2.35° 62.73+9.71%
i 2 PN 5.44+0.78° 7.06+3.26™ 9.84+2.97° 6.96+2.28

P 3.0240.03° 3.37+0.26° 3.00+0.25° 3.33£0.41°
T 11.10+0.62° 11.83+3.04° 10.04+5.75° 18.33+2.41°
-5 1 172.87+8.75° 147.47+0.79" 170.17+5.21° 174.85+7.35°
T2k 2,4-TRUT HE W 13.07+5.27° 15.61£7.31° 17.11£6.95° 15.40+7.08°
PES 2,3- A HF N 33.25+1.32° 41.72+1.15° 82.11+3.42° 83.94+1.49°
i 8.20+0.09° 5.42+0.26° 9.94+0.73° 12.84+0.62°
s 8.09+0.31% 6.41£0.25° 10.49+0.74 11.58+0.96"
P ES 3-Ff -2~ (SH)-1k i i 69.56+3.79° 74.84+3.47° 113.7145.39* 104.9+2.51°
JRk R 237.79+4.07° 271.89+7.12° 318.67+17.66 318.52+1.66°
Fe [ -y 95.09+1.48° 91.96+4.62° 120.26+3.43° 116.56+2.81°
T 2% 2-F LI R 6.61+£2.36 7.93+2.64
32 40T 11.75+1.02° 15.75+1.93° 16.23+0.92° 18.08+0.45"
5,6- & -2 H- N 1l -2 -8 8.22+2.74
Z B RN 1.82+0.61
s L-FLE: 2. T () 43.75£2.71° 55.85+3.4° 60.72+4.77" 60.25+4.06"
Al — R — i 11.4+1.08" 11.31+1.28° 11.99+0.58° 13.21+0.75°
T iR 2. e 12.44+0.90° 13.66£1.54™ 13.98+0.41% 14.46+0.33"
Kt 2 s 11.01£0.22° 15.34+0.87° 15.49+1.92° 15.39+0.90°
W K 2, TG 21.66+3.82° 22.5+7.54% 25.27+0.78" 34.34+6.16"

T ARG AR/ NS S R m A B 22 52 2% (P<0.05)

Note: Different lowercase letters after the same row of data indicate significant difference among treatments (P<0.05).
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Fig. 4 Comparison of content of characteristic aroma compounds under different zinc fertilizer application rates
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Fig. 5 Correlation analysis between agronomic traits, photosynthetic physiological indices and
characteristic volatile compounds
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