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Effects of different concentrations of silicon on the cold resistance of Elymus

sibiricus seedlings

WANG Ruo-fei, LI Xin-zhe, LI Qi-ce, ZHANG Jia-yi, WANG Bei-jun, XIE Wen-gang*
College of Grassland Agricultural Science and Technology of Lanzhou University, State Key Laboratory of Herbage Improvement and
Grassland Agro-ecosystems, Lanzhou 730020, China

Abstract: In this study, we evaluated the effects of nano-silicon (nano-Si) at varying concentrations (0, 50, 100,
150, and 200 mg-L.™") on the cold resistance of Elymus sibiricus during the seedling stage. When seedlings were
subjected to a cold treatment, those treated with nano-Si showed significantly enhanced root elongation, compared
with that of the control group, but no difference in their plant height. An exhaustive analysis of cold-resistance traits
revealed that, compared with the control group, E. sibiricus seedlings treated with 200 mg+L ' nano-silicon showed
markedly higher values for root length, proline content, and chlorophyll content (increased by 63.2% , 178.6%,
and 15. 6%, respectively) , and lower values for several stress-related parameters. Specifically, compared with the
control group, the E. sibiricus seedlings treated with 200 mg-I."' nano-Si had lower relative conductivity,
malondialdehyde content, and abscisic acid content (17.5%, 3.88%, and 2.23% lower, respectively). These
results indicate that nano-Si regulates cell osmotic pressure, maintains photosynthetic efficiency, and modulates plant
hormone levels, thereby preserving physiological metabolism under low-temperature stress and improving cold

resistance. The results of this study provide theoretical support for the application of nano-Si to increase the cold
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resistance of forage crops.

Key words: nano-silicon; Elymus sibiricus; seedling stage; cold resistance
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Effects of different concentrations of nano-silicon
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Fig. 2 Effects of different concentrations of nano-silicon
treatments on root length of E. sibiricus seedlings
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Fig. 9 Correlation analysis of cold tolerance related traits
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F1 TRAREARELETHEHZEZENZURERHERES TN
Table 1 Membership function value and comprehensive evaluation of cold resistance of E. sibiricus under different

concentrations of nano-silicon treatments

b 3 )@ P $X{H Subordinate function values ZEA PR HEF
Treatment i 5 i 7 WRE M Bisgag  Comprehensive  Rank
Relative conductivity ~ Proline  Malondialdehyde Chlorophyll ~ Superoxide dismutase  Abscisic acid evaluation value

T, 0.0129 0.0523 0.9451 0 0.2796 0.3893 0.2799 4

T, 0 0.2471 0.5071 0.3419 0.3951 0.0912 0.2637 5

T, 0.0776 0 0 1. 0000 1..0000 0.6945 0.4620 3

T, 1.0000 0.1629 0.6491 0.0110 0.1250 1. 0000 0.4913 2

T 0. 8463 1. 0000 1.0000 0.3133 0 0 0.5266 1

T, .: 0, 50, 100, 150, 200 mg-L.~ 44k Nano silicon.
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Pra RATT 5 o
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LSRR FACTE IS PR AR T SRR 0 A A5 R SR S RO N AR P L R SR, 50 mg-
Lo ih B2 (0 I 7 R v B Gk B W, 5 IR I I A R M SR R R R R AR X WA IR R TRV R AT RE X
Mgk R 1Y G kR E H A M RIAE R X 5T A B ASIAY) & . BT RIS HE T R R IR B D it e R Y
WETRES 2 TR BER . [EE RN TEMNR AT, 48R & & B G 90K R Bk B A B 258 TR T
R A5 X, 3 3 T AR 490 DK ek T B AT BB T D0 4 3R 1Y 40 A, DA T AL A T 4 1) A BRAIL R P R A 2R AR .
3.3 RERES KRB E 3L & ol i b e R B AL M B B 49 % e

AR TR 38 25 PF TR AL 40 P R 5 488 32 g T sk AR A T, b T R — o R AR AR AR . T
Y b T R 2R B AN R 6 R P 0 IR R A R AR T R I SRR X R R T R, D R A R R AR
Ak FIUAR X B S S B Bl DA A0 i A0 R B b v AR A B A A AR B B A (E Lymus nutans) 15 38 52
AU TR Pl 360 B PR R R T R S 3R 0 K 2 B A i R A2 B 5 L AR F 5 4 R 5 i NI ST R AR A FEAR
EFE R ARIR 3 T, WG SRR X e S 3 B i T MRCRAS  (EL B B 20 0K ik Ak PR BE A 4 T AR L R B R R
B IFAE 150 mg- L G K ik b BT 38 B S5 AR A, 2% B 94 0K i 4 38 R B T A A I B AT DR P E P AT i 1 S 22
X AR UL B 38 AR BT T o WEEE A e F o 4 AR — B, B 25 08 T, AL 400 200 0 5 1) o A e iR L D T e U B
Z I

A A A il A A — b OC B 1 BT S AT, AV SR A PN I M S Iy R L A S S A 0 T T R A A
TEAE L Rk W A T I M 1 B A 2 5 B0 MR A S R B A B A A 0 T R T Y
T RS R IR AT A A B A BT PR S N R & 5 OE ) OCHE O AE 200 mg- L GK AEAL BT
IR, SR, ZEARIR B0 T, 88 4T 40 5 A Tl 5% P R P T 5 6 B 00 K A A B8 9 185 2 5% IR R B R
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3, X AT AR AR Y 7R AR IR ST W0 IR Sh i B RO, DL 0 o BE A AR TR P 30 g — 0 R R A A A Al
(i AR SR LB R S RN PR BE T, T ORI PR R G A2 0, G W Al R SO T R . H B
(Saccharum officinarum ) Il AL BB 5T b, Bl A5 A I (8] A9 22E 4, B 480 Ak 1 B A0 i T 1R Y R AR 5 0 5 1 g
AR B 2 — 2D RS T A A IS RO AR TR W R R i A R SRR N R AR PSR B
BN ORI R A AR W) 45, 3% B TN R 4l 0 0 A R A R R R 5 BIL AR e ) R A

4 Fig

I A R R FEARIELI 0 25 AT, GOK Gk Ab B 2 (2 i TP AR R A A T X ke TE R R . b,
AN K Ak A R R T 22 b A BEAE AR AR, 3R T 9 K AT BEE A Ve A B 0B R BR T R AR R OE A AR R LA
LR A ) W R OK Y- 2 2 B AL R G SR A Y RO BUIE R . PUIEMELE G PPN A5 R N, 200 mg- L AR BT R A 4T
FEVESRIR o AW N AR X 2 2 A PUIE ML T A, U R A B 2 A Rl PR e SRR TR KR R B AR R
AR AR AR A
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