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Effects of silicon on water metabolism and photosynthetic
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Abstract [ Objective ] This study aims to explore the protective mechanism of exogenous silicon on water
metabolism and photosynthesis of Cucurbita pepo L. seedlings under salt stress, and to provide theoretical
reference for salt resistance of C. pepo L..[Methods] Using “Hanlu 7042” C. pepo L. variety as the test
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material and hydroponic experiment, four treatments were set; Control, silicon treatment (0. 3 mmol/L
Na,SiO, * 9H, ), salt stress (150 mmol/L NaCl), salt stress+silicon treatment (0. 3 mmol/L Na,SiO,
*« 9H, O+ 150 mmol/L NaCl). After 10 days of treatment, root morphology and activity, leaf water con-
tent and water potential, photosynthetic parameters, chlorophyll content, chlorophyll fluorescence param-
eters, and expression of aquaporin genes were determined. [ Results] Salt stress inhibited the growth of C.
pepo L. seedling roots, and decreased root activity, leaf water content, and leaf water potential and tran-
spiration. Salt stress also affected the photosynthetic system, net photosynthetic rate, stomatal conduct-
ance, chlorophyll content, and PSIl photochemical efficiency. Exogenous silicon improved the root mor-
phology and activity of C. pepo L. seedlings under salt stress, also improved plant water status, and leaf
water content, leaf water potential, and transpiration by promoting the expression of genes PIPI; 2,
PIP1;3, PIP1;5, PIP1;7, PIP2;1, PIP2;4, PIP2;6, and PIP2;8, PIP2;9 and PIP2;12. The
exogenous silicon also increased the stomatal conductance, chlorophyll content, net photosynthetic rate,
PS I maximum photochemical efficiency, PS [l actual photochemical efficiency, and photochemical
quenching coefficient, decreased intercellular carbon dioxide concentration and non-photochemical quench-
ing coefficient, enhanced the photosynthesis of seedlings under salt stress. [ Conclusion] 0. 3 mmol/L sili-

con could improve the water metabolism and photosynthesis of C. pepo L. seedlings under salt stress, and

thus enhance the ability of C. pepo L. seedlings to resist salt stress.
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Table 1 Primer information in the test

B LTI TETI

Gene Forward primer(5'—>3") Reverse primer (5'—>3")

Efla GAGATGAACAAGAGGTCATTCAAGTATGC GAAATACCAGCCTCAAAACCACCAGT
PIPI;2 AGCCGCCATCATCTACAACAAC GGATCACAACTTGGTGGTACAGAG
PIP1;3 CAAGACGACGGCAAGGACTATAAG GCTCTGTAGAAGGACCATGAAGTG
PIPI1;5 GCTGCCATCATCTACAACAACGAG GCTGCCAATCCTGCTCCAATG
PIPI1;7 AGAGGTGACAGAGGAGGGACAG GAGGAAGAGGAGAGTGGCGATG
PIP2;1 ACGGCAAGGACTACCAAGACC AGGAAGAGGAGAGTAGCGATGAAC
PIP2 ;4 CTGTGGGTTGGTTAAGGCTTTCC GGCGGAGAAGACGGTGTAGAC
PIP2;6 TTCGCTACCAAGGACTACCAAGAC GCCAATGACAGTGAGAACAGTGAC
PIP2;8 AAGAGGTGATGGAAGAAGGACAATC GAAGAGGAGAGTGGCGATGAAC
PIP2;9 TACGGTGGCGGTGCGAAC GGCGGAGAAGACGGTGTAGAC
PIP2;12 TTGTGGGTGTGCGTTAGTGAAG CCGTCAGCGAGCGAATTGG

1.3 #HiEE

K H] Excel 2021 #£ 47 %48 %% 2, IBM SPSS Sta-
tistics 25 X fir & B 38 347 B N & 7 22 0 B CANO-
VA, i Z RIS KSE R 0. 05, F Origin 2022 7EA .

2 ER55Mr
B TES AN ERERSH

Mk 2 iR, 5 CK A b, 75 2 4 i B
AR 2 18T B AR A B AR R BRI AR 43 SBKCAE BRI R (SD
Ab SRR AN ) AR B T B SRR B 2K R
AR WA (Na 403D T 37 5 2 FEAR , B AR IR B2 43 31 R
54.77% .41.98% .65. 42% .65. 80 % 1 40. 16 % (P

<C0. 05), fEER e N mAE Si &b B (Na+ Si)
J s ST R K AR T AR AR AR AR AR BRI AR 43 X

BT Na A3 2574 &7 T B2 43 512 16. 3924
32.01% .43.09% .34. 66 % F1 41. 20 % B4 B %
T X IR, n] UL, AR Rk A AR AR Tk e ) P
PRI AR FR A K A
2.2 HAEMNHBMBETEHASERRFARN
/&30 )

P1 SR, 78 SiAb B, P88 2 A AR R IE S
Lo R G 2 T 27, 8200, FLA MK R 7 B B
SN s 7E Na ACFRR , PU#H 2 4l B AR &R 0% 77 Xt B i
F R 45. 06 %0, FLA K B LG IR IR 2R B 48. 05905
5 Na AbBEAA LG . Na-+ Si &b P PG 85 7 2 ¥ iR R 06 5
BET G 32.17% . KB E LT 21.36 %, {1
I 5% BBIEAE B35 2% % (P<<0.05), UL E45 5 ui M
R R B AN R AT DL R R P A A AR AR
AR L & 75 N SIER- AN

R2 BABEMNEMETEHAOHERAESHZN

Table 2 Effects of silicon treatment on root configuration of C. pepo L.

seedlings under salt stress

b 3 BRI MR R SAFR RN e M43 SUEL
T Total root length Root surface area Root volume Number of Number of
reatment 2 3 .
/em /cm /em root tips root forks
CK 567.32412.65a 107.13=+4.05a 2.69740. 34a 2188.33+253.93a 6262. 254232, 09a
Si 575.57422. 44a 111.2847. 44a 2.7640. 24a 2336.00+£196.02a 6804. 334373, 84a
Na 425.75+16. 60c 62.15+3. 32¢ 1.0340. 08¢ 1169. 33+54. l4c 3076.67+282.67c
Na-+Si 509. 17417, 45b 91.41+3.48b 1.8140. 24b 1789.66+51. 06b 5247.334101.67b

7 CK. %R ;Si. 0. 3 mmol/L Si;Na. 150 mmol/L NaCl; Na—+ Si.

[E7E 0. 05 KFAHERERESR, TH.
Note: CK, control. Si, 0.3 mmol/L Si.

in the same column indicate significant differences at the level of 0. 05 among different treatments.

Na, 150 mmol/L NaCl. Na-+Si, 150 mmol/L NaCl+0. 3 mmol/L Si.

150 mmol/L NaCl-+0. 3 mmol/L Si, [R#NAR[F/NE 5K 7R A [6) b 3

Different lowercase letters

The same as below.
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Different lowercase letters indicate significant differences among treatments at 0. 05 level. The same as below.
Fig. 1 Effects of silicon treatment on root activity and leaf water potential of C. pepo L. seedlings under salt stress
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Table 3 Effects of silicon treatment on leaf water content of C. pepo L. seedlings under salt stress

Ab# Treatment AHKER Cry/(g/®

WRAK & Chy/(g/2)

BEEKE Cry/(g/) X E K Cry/ %

CK 2.25%+0. 04a 2.0440. 05ab 4.1940.07a 87.14+3. 04a
Si 2.2840.12a 2.17+0. 06a 4.46+0.12a 89.024+0.90a
Na 1.58=+0. 06¢ 1.74=£0.03c 3.3240. 03¢ 78.78=+0. 88b
Na-+Si 1.9440.05b 1. 8940. 05hc 3.83+0.10b 86.0141. 04a
3r 201
8 a a g
= —— —E =1 |
i, ] JRLI RN
Rt 4 o & b
S = = =
=g ¢ pg L0 ¢
®es Bes
B TE 05
5 5
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Fig. 2 Effects of silicon treatment on chlorophyll of C. pepo L. seedlings under salt stress
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LIRS HE Si AL HL R 408 B % A8 4k, I 7E Na &b 3
TR PTG, 400 0 3 R 42, 65%0.54.19%
33.03%,C, M & 0 57.55% ;5 Na ZbBEAH L,
Na+Si 2 FRPGEH 4t v i P, T, 1 G, 45
W ETHE 34.08% .37, 06 % F1 25. 34 % .1 C, B &
FEA% 40. 91 % HENM SX M ER B EGR O, 7]
UM AR Sic AT LA 25 27 fige 5 Jolh 261 6 9 9 2 G
A E R Al

53415 CK AL, PE#A 2 2l i vk e PS TR K%

2 ROR(F, /F,) PSIEEFRIEA FEROR (Dps ) AL
SRR ZA (g ARG AL 22 VK RBU(NPQ) FE Si
A PR IS TG AR AL T AE Na b5 FL/F @y
gp 27 B EFEAK 11, 39% . 31. 81% il 25. 84 %,
NPQ W & 2 T+ 47. 16 %6 3 5 Na 4B AH L, Na+Si
WEERVGH PG W R F L/ F o @esy ~qe 2790 35 1
THT 10.25% .11, 76 % Fl 16. 45% , NPQ . 3 F& A%
18.86 %0 AHA S X R 22 R W3 (£ 5). w UL, SRR
AR St AT LAAT 50k AR T 38 R PG R 4 B g%
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Table 4 Effects of silicon treatment on photosynthetic gas exchange parameters of C. pepo L. seedlings under salt stress

b 3 ELIAEPUES ZE M R AL fialE CO, e RE

Treatment P /[pmol/(m” + )] T,/[mmol/(m* « &) ] G./[mmol/(m” + )] C,/(pmol/mol)

CK 10.76£0. 12a 3.93+0.03a 409. 66+2. 40a 248.33+£9. 40¢

Si 10.50+£0. 11a 4.0640. 13a 418.73+1.73a 234.0042. 08¢

Na 6.1740. 18¢ 1.8040. 10c 274.33+1. 15¢ 585.0046. 11a
Na+Si 9.3640.12b 2.86=+0.18b 367.45+1.20b 345. 66422, 45b

RS BLEMNEBEMETEHAYEHERARASHNZMW

Table 5 Effects of silicon treatment on chlorophyll fluorescence parameters of C.

pepo L. seedlings under salt stress

Ab 3 PSIl f SOt ZER0% PSII 92 prot b 2 30% el K ZE ARl K R B
Treatment F./F, Dpg qp NPQ
CK 0.80+0.01a 0.66+0.01a 0.894+0.01a 0.28+0.01c
Si 0.844+0.02a 0.68=+0.02a 0.924+0.02a 0.26+0.02c
Na 0.70+0.02¢c 0.45+0. 05¢ 0.66+0.01c 0.537+0.02a
Na-+Si 0.78+0.03b 0.51+0.04b 0.797+0.01b 0.43%+0.01b

2.5 HEAENHBMETEBESYERE AQP EHE
RIEM R

TEALFE 1 d (& 3, A B, 5 CK AL, Si 4bBE 7
TR AR 10 1~ AQP 3| PIP1;2 . PIP1;3 Fl
PIP2 ;12 (WA 2235 1 0 i 2 28 Ak, JLAR JE DR A X 3%
IR 2T I T UR R EE 4L T 26. 3820 (PIP2;4) ~
81.94% (PIP2;8) 2 [a],1fif Na AbFELN o PIP1 ;3
PIPI1 ;7 BEPIARXT RNl A o R B ik &
i B, EIREEEAE 15, 33% (PIP2;9)~80. 80%
(PIP2;12)22 8] ;5 Na 4B, Na+ Si b F g 2
i PIP1;5 PIP1;7 F1 PIP2 ;9 3K 35k 5 o
WARE, Hoay B ik i 1 0 3 B, R R AR
23. 11%(PIP2;4)~53.45% (PIP2;8) 2 [a],

EALFE 10 d BF(E 3,.C D). 5 CK ML, Si 4k
PP S 4 o PIP2; 1 .PIP2;6 R PIP2;12 %

HASTRAEEA LAHAEE . HARLAEY
2 FE, bR OEBEAE 35, 10% (PIP1;3)~84.17%
(PIP2;9)Z 0.0l Na AbHL G f5H PIP2 ;1 REHFE
B FEHEARE,PIP];3 AR EERET
P 53.10% , iR LR FRA 1 B2 LR, LRI
JELL PIP1; 2 %A% (35. 75%) , LA B TE 53. 97%
(PIP1;7)~88.24% (PIP2;12)Z[a]; 55 Na &b B AH
o, Na+Si &b JRPG & f 4l i h PIPI; 3 K&K &3k &
W L5144 %, HARBERFRIX B BE T M, T
W& L PIP2 ;1. PIP2 ;4 %/N(45. 15% .50, 18 %),
PIP2;6 . PIP2; 12 % K (89.33%.87.19%) ., LA I
S5 5L UL B RE (R 1E T ER 38 TR MY R T R K G R SR
PIP1 ;3 (33K, mixf PIP1;2.PIP2;1.PIP2;4 .
PIP2;6 .PIP2;8 M PIP2 ;12 33k WAL & FI AL
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