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Abstract: To explore the effect of Si nutrition on cold resistance of red sandalwood (Pterocarpus santalinus),
one-year-old seedlings applied silicon (Si) for 180 d were suffered (-30.5)°C stress for 24 h, and then recovered
for 90 d in greenhouse, the growth status, leaf photosynthetic parameters and activities of four key enzymes
related carbon assimilation of the seedlings were studied. The results showed that the seedlings applied Si were
strong, growth recovery was fast after cold stress, the cold resistance was significantly improved. After applied Si,
the decreases of chlorophyll content and Chl a/b of seedlings caused by cold stress were significantly inhibited,
the apparent electron transfer rate (ETR), actual photon efficiency Y (1I) and PSII regulatory energy dissipation
Y(NPQ), and reduced the proportion of PSII non-regulated energy dissipation Y(NO) and non-photochemical
quenching (NPQ) were all promoted, and the leaf photosynthetic rate (Pn), stomatal conductance (Gs) and water
use efficiency (WUE) of red sandalwood seedlings under cold stress increased after applied Si. The activities of
four key enzymes related carbon assimilation, such as ribulose-1,5-bisphosphate carboxylase (Rubisco), fructose-
1,6-phosphatase (FBP), fructose-1,6-bisphosphate aldolase (Ald) and phosphoenolpyruvate carboxylase (PEPC),
of seedlings applied Si were significantly higher than those of non-applied Si. Therefore, application of the
appropriate amount of Si benefits the integrity of photosynthetic membrane structure and stability of physiological
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functions of seedlings under cold stress, and it is an effective nutrient management measure improving the cold
resistance and coping with cold stress of red sandalwood seedlings.
Key words: Red sandalwood; Cold resistance; Silicon; Carbon assimilation
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Fig. 1 Effect of Si on the growth of red sandalwood seedlings after cold
stress. Different letters upon column indicate significant differences at 0.05

level. The same is following Figures.
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Fig. 2 Effect of Si on leaves of red sandalwood seedlings after cold stress
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Fig. 3 Effect of Si on ultrastructure of leaf surface of red sandalwood seedlings. A—H: 800 x; 1-P: 7 000 <
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Fig. 4 Effect of Si on photosynthetic pigments in leaves of red sandalwood seedlings after cold stress
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Fig. 5 Effect of Si on chlorophyll fluorescence parameters of red sandalwood seedlings suffered cold stress. Fm: Maximum fluorescence; ETR: Apparent
electron transfer rate; NPQ: Non-photochemical quenching coefficient; Y(II): Actual photochemical efficiency of PSII; Y(NPQ): PSII regulatory energy

dissipation ratio; Y(NO): PSII non-regulated energy dissipation ratio.
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Fig. 6 Effect of Si on gas exchange parameters of leaves of red sandalwood seedlings suffered cold stress. Pn: Net photosynthesis rate; Gs: Stomatal
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Si & B/ AR ME J5 1 & S AR AR IRE
WOLE VI, W Si fs AR Kt KA BRI,
B S RO R A T, BRI A e PR
FER. Sviiiag, FEuIR T BOA UM BT
MIHIA, HIRAVEM, ji Si &k 1.5 mmol kg™ Ef
FIARAT S R SZARIR W8 B S BE 4 i AR R
BARDL . A KA L0 AR DU S = A2
ke LR T ) R R SR R
U T 18 X 0 1 FH R s i S i T
R ELE W 20K S i e & B A AN
P, R A A ) Fo Al A B AR, AT 8] 340
HFOCEMEM, SHEKTE . LS CO2 3 HLBH 1
WKL G sk A . (RIEMHE T, YK
MER R R AR DRI N R 2851 AN
g SALFEEIRN . i) COL M BT, ASLBR I
IR/ JeE KRR RN, AR e 4i R S
SE—2, (H MR R M R RS H], RIR e
XA AR AR G AR IR AT AR 2 . X
A REAE HH TR IR - P i SRR SRR, i A

ROt E S E IR tE BERMEMREE R A 2
T, AE R T it Si A B (18 A SE M R P

S AN ARG 2 B AR A SZ RN, R RAFIY Si
B IR AT R R B8 T 5 4% B A 5 ThRg

sesetk, faett.
AR, (KR EfEYH SRS EHE
FEA%, Zhilo A 5 kA ess sl 4k, H Chl a ffK
M Chl by Chla/b #/, RFEIRBESFEE
BN, SRR R R4, ARSI S R, (K
T8 5 1 A L AE /() Chl an Chl b & & Chl
alb ¥RAERZESE, HEWE 90 d 51 R EIKT
RZMHET AR, Chla EEFET PST . PSITAZ L
BEY R R&OEST, Chl b WAL ARG RL
RSy, KR JE A 2R v Chl av Chl b
HREEK, RUHEFNANERGEMIZOE SIS
REHZ 2140, FEOCRERRIURIE 1555 52 B 5
Wi, 51 EEG AR R, (Hi Si AbFE U BN
A Fr g AA B AN Chl alb 1 R BE, {23 ETR.
Y(IDA Y(NPQ). J8%% Y(NO)AI NPQ, FHI—5EK


http://www.baidu.com/link?url=5ke76sF4RzNnr_L8jaUoBXOVAH9odScQH37uP6XY2kGhKd_5txz6rv-hW70UEMlNF3rkF2Izs8FcLxMt9tQwiWsdM_KWzksebKOOlyXY-HMTImUYuBiD8-n56nagZNZv
http://www.baidu.com/link?url=RGo0ACbKXodvseIDsImERF5AbHZdIJC5zAEBa3Bfvr6aZJw27GHmcqzn3pJUXziD2KUAM3kae7RlI2atPFqYAnFs2AbMFwYZVk981F28x8QEXmqeT12zkQZwMt9hml8D
http://www.baidu.com/link?url=RGo0ACbKXodvseIDsImERF5AbHZdIJC5zAEBa3Bfvr6aZJw27GHmcqzn3pJUXziD2KUAM3kae7RlI2atPFqYAnFs2AbMFwYZVk981F28x8QEXmqeT12zkQZwMt9hml8D
http://www.baidu.com/link?url=RZZbihVhIT6NlCOiFlkfWaNGM20tTtGvnKBee-W5NK7Yo5c5wKhvcGUb9BFfQEFmFYjZ0nOyLtcIrZ3388-I8Na0j9qFbcOvDld5aUqeRsLxkhFd8NCyFDcTyKykMVhg
http://www.baidu.com/link?url=_u1VY9tLTJd93txLVw6eQB9YLJgI-743AqvsQ9y18KcaXWsKPKAESqM9Uv97_Fq11fjeu4MEaUoUTti7C7oVnQI18T0wHZeEXVxrtHGt557JMZLMo9dcjsf6Fyz3n-Vx

146 P AT IR AR 5821 %
_ YA 100 [ o
= 4 . T 80
2 —.E 3 b o ;E 60 a
Z< 2 ¢ By 2 L
E £
iR e D
0 0 — L
100 100 a
- C ~ b ——
= 807 b b a = =
£ 60 | : c «, B 60
2 d -y d
T o0 40 ! @ = 40
=] [=]
£ 20 g 20 ﬂ
3 >
0 0 075 | 15 | 225 0T o7 LTS T2
A P &:‘H et
JHrif Wris [Hrie st
No cold stress Cold atress No cold stress Cold atress
Si (mmol kg™) Si (mmol kg™)

B 7 Si MR o A SR AR BRI 4 FhOCERBRE LM . Rubisco: BZRRKE-1,5- —BERRRILES, FBP: Fbl-1,6- —BEIRES, Ald: RHE-1,6-

TWEIRIE ARG, PEPC: BERRIGEE IR LG

Fig. 7 Effect of Si on activities of 4 key enzymes related photosynthesis in leaves of red sandalwood seedlings under cold stress. Rubisco: Ribulose bispho-

sphate carboxylase oxygenase; FBP: Fructose 1,6-bisphosphatase; Ald: Fructose 1,6-bisphosphate aldolase; PEPC: Phosphoenolpyruvate carboxylase.
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