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Effects of molybdenum, silicon, and boron addition on the photosynthetic
physiology of Elymus breviaristatus and a multivariate evaluation of growth
performance

MA Zu-yan"*, DONG Shi-kui"*", LI Yin’, ZHANG Ran’, TU Dan-jia’, WU Gui-ling*, SHI Jian-jun', SHI De-jun’
1. Qinghai Academy of Animal Science and Veterinary, Qinghai University, Xining 810016, China; 2. School of Grassland Science,
Beijing Forestry University, Beijing 100083, China; 3. Qinghai Province Grassland Improvement Experimental Station, Xining
810016, China; 4. Qinghai University, State Key Laboratory of Plateau Ecology and Animal Husbandry, Xining 810001, China

Abstract: The harsh environment of the Qinghai-Xizang Plateau, characterized by high elevation, low temperature,
drought, and intense ultraviolet radiation, severely limits forage grass growth. Elymus breviaristatus is a high-quality
forage species widely used for restoration of degraded grasslands. However, this forage species has shown yield

declines during ongoing grassland restoration, and conventional fertilization is insufficient to meet its growth
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requirements. Instead, trace-element supplementation may be critical for sustaining stable and high yields. To
explore the effects of trace element supplementation on this important forage grass, a pot experiment was conducted
in which E. breviaristatus was treated with molybdenum [ (NH;):MoO,: 0.15, 0.30, and 0.45 g-1. '], silicon
(SiO:NPs: 0.10, 0.20, and 0.40 g-1.”"), or boron (H3;BO;: 0.15, 0.30, and 0.45 g-1."") applied as foliar
sprays. The results show that all three elements significantly increased plant height and aboveground dry weight (P<<
0.05) , compared with the control. Specifically, plant height was increased by 34.56% in the 0.30 g-1.°'

1

molybdenum treatment and root length was increased by 59.86% in the 0.3 g+1."' molybdenum treatment and by
79.53% in the 0.1 gL' silicon treatment. Molybdenum and silicon addition significantly enhanced photosynthetic
capacity. The net photosynthetic rate was increased by 111.53% in the 0.4 g+1.”" silicon treatment; and chlorophyll
a and b contents were increased by 46.00% and 54.32%, respectively, in the 0.3 g+L.~ ! molybdenum treatment.
Treatment with boron inhibited chlorophyll a accumulation. Antioxidant enzyme activity and osmolyte accumulation

" molybdenum treatment, with peroxidase activity increased by 231.10% and the

were increased in the 0.3 g-L~
soluble sugars content increased by 201.48%. The regulatory effects of silicon and boron on enzyme activity and
carbohydrate accumulation were concentration dependent. In a principal component analysis (PCA) , the first four
components explained 77. 66 % of the total variance. On the basis of the PCA and a membership function analysis,
0.45 g-L ' molybdenum (multivariate analysis D=0. 701) was identified as the optimal treatment to improve overall
stress resistance. This treatment improved carbon assimilation efficiency by promoting root development,
photosynthetic performance, and antioxidant capacity. The results of this study show that molybdenum is a key
element for regulating the stress tolerance of an alpine forage grass, and provide a theoretical basis for the targeted

restoration of degraded grasslands.
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Table 1 Nutrient content of tested soil
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Fig. 2 Effects of molybdenum, silicon and boron applications
on morphological traits of E. breviaristatus
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molybdenum treatment, Si denotes silicon treatment, and B denotes boron
treatment, different lowercase letters denote significant differences among
concentrations within the same micronutrient treatment (P<C0.05). The

same below.
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Fig.3 Effects of molybdenum, silicon and boron applications on photosynthetic capacity of E. breviaristatus
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Fig.4 Effects of molybdenum, silicon and boron applications on the physiological and biochemical traits of E. breviaristatus
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Fig. 5 Correlation analysis of resistance coefficients of photosynthetic physiological indices of E. breviaristatus following
molybdenum, silicon and boron applications

A B.C o R 40 kRO InAb 2. High: #8 % ; Root length: AR K ; AGB : #l &8 +  ; Soluble sugar: 7] #& ¥ B ; Starch: JE 8 ; P, - i G A LR
T,: Z8B 1 5 C: IR COL W BE 5 G- AL T B s Chl a: 4R a; Chl b: F4R 3 by POD - i S AL W) 1 5 SOD < # 4fb Wy B ALl . 181 o 9 i €0 R 20 8,43 ) 4K
FPIAAL G Z ] Y IEAH DRI GUAR DG . BB IR A OCHE R . T A . *3R R P<C0.05;** KR P<C0.01;*#*3K/K P<<0.001. Fig. A, B and C represents
the molybdenum, silicon and boron addition treatment, respectively. High: Plant height; AGB: Dry weight of aboveground; P,: Net photosynthetic
rate; T,: Transpiration rate; C;: Inter-cellular CO, concentration; G,: Stomatal conductance; Chl a: Chlorophyll a; Chl b: Chlorophyll b; POD:
Peroxidase; SOD: Superoxide dismutase. The blue and red colours in the graph represent positive and negative correlation between two variables,

respectively. The darker the colour, the stronger the correlation. The same below. * indicates P<<0.05; ** indicates P<<0.01; *** indicates P<<0.001.
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Continued Fig. 5 Correlation analysis of resistance coefficients of photosynthetic physiological indices of E. breviaristatus

following molybdenum, silicon and boron applications

R3 FARLEBETREEEHEMEAENERS S

Table 3 Principal component analysis of resistance in E. breviaristatus under different treatments

BT FEAEAR Eigenvalue F R4 B Principal component extraction
Number RO 5 RS Variance R TTHLEE Cumulative AR AR J5 2 fif B # Variance ZATTHk 3 Cumulative
Eigenvalue  explained ratio ( %) contribution rate ( %) Eigenvalue explained ratio (%) contribution rate (%)

1 4.481 34.466 34.466 4.481 34.466 34.466

2 2.500 19.234 53.700 2.500 19.234 53.700

3 2.008 15. 446 69. 147 2.008 15. 446 69. 146

4 1.106 8.511 77.658 1. 106 8.511 77.657
5 0.724 5.570 83.228 — — —
6 0.662 5.090 88. 318 — — —
7 0.468 3.598 91.915 — — —
8 0.428 3.292 95. 207 — - —
9 0.256 1.972 97.179 - — —
10 0.191 1.471 98. 650 — — —
11 0.085 0.655 99. 305 - - -
12 0.064 0.492 99.797 — - —
13 0.026 0.203 100. 000 — — —

SR 0.752.0.640.0. 794 .0. 607 #1 0. 688, 1. BH 4 1.2 3= 543 iz e 1) 2 48 4 %6 4 RE 7 19 55 55 0 e B A% A7 E 1Y
KN, 3.4 F Wb ER P EB KA T, G A SOD iE 4, 43 31 25 0. 713.0. 666 #1 0. 750, Pi B S 3.4 F 43 X
R ) 2 A 4 A BRI A R O BB 1 3E N RE ST o
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Fig. 6 Eigenvalues of principal components and principal component analysis (PCA)
x4 ZRIFNEHSERRY
Table 4 Coefficients of principal component indicators for comprehensive evaluation
BN i 2 #X Loading factor FLfR] B (AN 705 22)
Index Fsr1 F 52 F s 3 F Ry 4 Commonality
Principal compo-  Principal compo-  Principal compo-  Principal compo- (common factor
nent 1 nent 2 nent 3 nent 4 variance)
] %5 5 & & Soluble sugar content 0.752 0.116 —0. 446 0.292 0.863
VE & it Starch content 0. 640 —0.354 —0.414 0.137 0.726
£ % Net photosynthetic rate 0.794 —0.305 0.251 —0.333 0. 898
g8 CO, ¥ i Inter-cellular CO, concentration —0.777 0.109 0.154 0.269 0.712
-4 % b £ & Chlorophyll b content 0. 607 0.517 0.294 —0.284 0.803
i AL P B P Peroxidase activity 0. 600 0.295 —0.424 —0.065 0.631
¥ Plant height 0.444 —0.556 —0.020 —0.105 0.517
H4< Root length 0.493 0. 688 —0.150 0.114 0.752
M -3 T & Dry weight of aboveground 0.536 —0.541 —0.375 0.177 0.752
-4 % a & & Chlorophyll a content 0.538 0.701 0.291 —0.197 0. 906
7% 1% 34 R Transpiration rate 0.445 —0.313 0.713 0.279 0.882
S fLFJ¥ Stomatal conductance 0.463 —0.370 0.666 0.011 0.795
AL W 8 15 7 Superoxide dismutase activity 0.334 0.318 0.291 0.750 0.859

2.5.2 RIERBOHT REEGIEAN RS E pROBOE XA [ R o B U [ D o B e A R AT 2R 50T
W, A 18 bR (CD S JE BRBUE (U) (L83 W E (D) B AR P a0 5 R , A A Ak BT £8 5 3740 fH (D) 8 0. 317~
0. 701, P Hi {45 i 1 Ab #1533 Mo, \Mo, St Sty , Mo, 7K R SR o FH AL B7E 48 F- AR DG A B R T 4
By A 5 AL A 5 5 22 A B L 5 B W IR] RONE , G B 0 30 1R 98 A A8 258 5 AN R B A 2 R R R T Tk L A
T AE 5 — P B R RN I P IRZ o 3k—E5R B R SRR U RE T 4R T S A A8 S S B B AT T s 0 N
3 itig
3.1 4 A Rt RS a

R B 25 0] DA EV S e FEAE ROARBL o ASBIESE A B, 81 ek B 3 R Bl it oo 3RS N 4yl I 2 4 v () 4 R o 4
B e R i, LA — R YU T A i e i 2 B T R BRI B R B e Mo, KPS TR e o B o i
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x5 ARALETRAEEECHBENESER . RERYE. SEITNERER
Table 5 Comprehensive indexes, subordinate function values, comprehensive evaluation values and ranking of E. breviaristatus

under different treatments

I G e b N G A VEA 1 H P
Treatment Comprehensive indexes (CI) Subordinate function value (U) Comprehensive eval-  Ranking
L Cl, cl, CI, U, u, U, U, uation ralues (D)

CK —2.070 0.527 0.116 0.389 0.016 0.640 0.461 0.620 0.326 9
Mo, 0.341 —0.040 —0.869 —0.283 0.659 0.500 0.191 0.442 0.503 6
Mo, 1.593 0.513 —1.059 —0.089 0.993 0.637 0.139 0.493 0. 680 2
Mo, 1.172 —0.616 0.643 1.529 0.881 0.357 0.606 0.922 0.701 1
Siy 0.166 1.485 0.437 —0.482 0.613 0.877 0.549 0.389 0.641 4
Si, 0.150 1. 055 0.654 0.570 0.608 0.771 0.609 0.668 0.655 3
Siy 0.129 —0. 347 1.395 —1.469 0.603 0.424 0.812 0.128 0.548 5
B, —0.818 —0.119 —0.304 0.970 0.350 0.480 0. 346 0.774 0.428 7
B, —0.196 —0.693 —0.582 —0.567 0.516 0.338 0.270 0.367 0. 407 8
B, —0.467 —1.764 —0.429 —0. 567 0.444 0.073 0.312 0.367 0.317 10

T 5 A5 H I T I i B oG R X ANEE (Triticum aestivum) ¥ 2 GEEC K BEE TR E S A (ESER . FE,
BHRIRE TS o AR S 3 S e i S N T AR . X T REE A S S T R WA A 22 A S, 5 i 24 i
o3 5 R T A HEAR R AR ek DU TR S o A A R A A B SRR R A S R IRCRE ). R R T E
MRS 1Y 22 57, WG 1 EATTAE VA A T 30 20 A= KO T B A R [ AL o b BT A 3 B TR W e T
EAYTOCE WA FAR 9 BUR o AHIESEIE K B, B T R AN NS e i AR T A B B 4R T, DL Mo,
FI B K T HETH RO o0 2 AR R AR R A A AR B A T 4 I e 1) S A R AT 3 g
fifi {6 4= (Arachis hypogaea) ¥ 77 . Rana %" HF 58 & B, Mo IR I3 I 7 /NEZ W AY &, AR 25 R 5 H -5 H
J5 DR TR S A A IS Mo S R P TG P T i A ) X A R 0T R WSR3 B 7 R
3.2 AR BN m st AL R AAEE 6 % ol

MR A e RS ST A 90% UL B TR B R A A ER . Imran 5N Wen 55 (1 BF
FEAR Bt AT AR IE AT LAGE o 38 i 24 /N 22 1Y 4 3R SRS R P, 3 ] DU S 52 e N W AT A Ok TE ) Y P
Mk ZAE YOG E M R AR, &R AR TR A ER . AR SRR R B
(Medicago sativa) AS Al A= 917t FHAS 6] e B2 i A IE fig 2 3 48 A o b 2 X 5 i, HorhaR 40 B0 RN 5 400 300 1 it )
JIE BE AT 008 I 28 46 B 4 6 A VETRE 170 0 ARBIRSE A%, BH R0 RE VR 0 B 35 B T B A R Y O A B L ok A T
B AL R ZE I R T [ A RN ) AR AR MR B L X T RER R TR T O OGS I A M ik o
TR AR RE, A BRI TOGARE Ty AT B TR O e A AR AR 0 R IR . 5 ZARAT BRI RE AL
PR E T2 R a 5 bR, WA A TOGRE MW S, AL Z T 04 38 H A v e v B2 I 3 PR
B E S [R] PR BE Chl a & 5 89 R . 33X — 45 R4 7, 85 m 7K1 1 8 T B8 X i S A 235 g 2 v M i € 3R AR ™ 2R
Yosh, dEmsm e G AR A RS REE. ML T P, AT m L B, HXE S A VE F 0 3 0] 68 1 3k 35 220 i
W R OG A AR BB ) S8 B, T ST F] BB S R TG B B AT AR AR G
3.3 4B AR BN e 3T AR M A P AR AR H) R R

SOD fit 37 ¥ B % B 2% 1 | il 5, POD #F — 5 73 fif o A0 &, P03 B [ 980 20 3% 1 4 (reactive oxygen
species, ROS) X 4l i i) A 452 475 , DT 42 FHAE 9 (0 He i . Wou 8708 9% 26 B it FH 4H 2 35 48 & 1 ARG 0N
BH R UM SR SOD POD S5 4t 480 A il 9 15 14 , 2 W1 H 9 e FH 185 53 07 R0 1 R 06 1k A I BB 0 o bt ek ok R 4
YA AL BEAH e FL R B9 R R 42 3 T & in (Solanum [ycopersicum ) BEAR I8 PE EIH bR R G 17T R, DL % g o i F
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S P A, TR AP AR R Y e A T KT T R OR PR R G E A S AR SN
BT T B E A5 POD M SOD & 1, 358 T AR R PT AL RE 1, X AT RE R 2 5 T LA Al 095 s i
AR DA B T 7 A 3 R AR (ROS) |, 1802 SR AL 401 3 o i ikt 710 03 1o R 7 0 2 vk B2 T 42 THT AR AL T
R P (EROCR AR X 8555 HL B AT ViR B O

AP PRI 5 2 I Y ) SR R R IR 30 05T AR B RT o A R K RE T IR A R K A W R AR 5
Fh AR A S WG 7 4 53 0 B R ok 95 R0, T 2 L[R]30 1) A SO 7 SR W L AE B am T T A
J3E 75T, BRI TS v B e B T O R S B I RE R BT T A A R MR A AR R
XA WA [R] 0 2R AL I 1 AR W05 a2 A 15 1 I AR SR L A7 A 22 5, AT R R A A0y IO T 308 35 IF ) A [) A B SR W ik T
ONEE T 0035 1 Y, T B S U 08 3 1 R 0] e R B A
3.4 4R MELF R T MY AR R R BE LG AR

AT 5T 45 2R R AN [R] ek o0 3R S 0 A ) P 5 Al e 45 A 2 O RE T I 2R 3R R DT SR AR I R
FEARIA B R AR OCOC & o IR BE R R R K HF (S 3K 5 il PR A B P S e & AR S e Z 1R A7 T T
[a] i E AR, 15 B AT RS o ke 2 AR R G iR K R S Wi, B T R T I R S UMD B AR o RN B
YA A B LU BRIG PR OF S Al e P R 2 R 2 7. SODIEMES G T IE M ST AL R A S
ALV ARE 5, T R I U A 00 R AL I RE AL AR F AL B . REBS AL BT DA e bR Sk
ARAC 52 B S A5G OC 28, Ul W ik T B O (0 S8 70 B B DR AR R, (8 E 3 0 DA SR 0P (ELR I A P T
Mo b FR LA AR TR, SOD 5 1 5 Bk i 09 TR 5C 1k — 20 SCORF Ak 0 ) BRLOR Arob L] 8 o 1 5 240 i B TR R il
A AR5, B SOD B 5 3K 5 T POD {7 1 55 AR A9 1E AR 5 U 358 AR A8 A= 4 rp A7 AR il Al 470 40 1k 28 98 1oz X Ry
PR PR o W ST AN SR R A b AT 0 AR A A A AU | () I T AT TR I T A AR OE S A B A
KRR T H AR BTt I8 5 HLH o FEOS nAb 2R A i B K SF- T R A7 S 00 B0 L B Sl 0 1 A R
Ao Al ST R ) 5 I AR A R AR T AR T R R € B AR A IR G S R A . (IR ER AR RE
2R R A RN, T W AL BN 8 PSR T X — A TG B BLR B, Wl AT BE [R] s e A
Wi S VR« — 2 SR T, R 3R A 5 R W A A T A, B AT S e O AR e S PR A AT AR (I 5 T
AT R ) R R T AR R AL BE F7 o AR SRR AE R — 20 SR I — MW Al PR S i SR K 2 B IR R 1R
7 B Ak AT RE S 9 AR R BB B AT S A K AR RE ) M b A A2, R OGS T ) e T AR A 20 T L4
re B A AW AN R T B B AL SRR . 53—, Chla & B C R SOD PR IE A GG R 3R
W, B 3E T AL R Y 5 B S A o 7 T e [ 2 5 5 25 AL BR 5 e TR A AN DR BE I i R R HY B e R A A2 PR
5 BB R 75 KOG SR Ty, TN E S 2K Ay g O SRR R TR M — SRR R ) TR BB A

CEA VM S SRR, A0 Ak B 7 4 T[] A v Bl R R T 0 BB ) O TR B AT, JE R Moy K o 3R IR R B TR
U OG- 18 5 RTS8 1 By A 45 22 05 T A AR ek IR A 4 T, A R R T R e R R R I A ) Y O B B 30 4
bro AHECZTR Rk PR ) RE AR GF B — BlOfr A G AR, 258 B R B 25 o X — & 2Ry Ml AR A8 R R R
B B T R A e B P B SRR T I RS W O 2P I T R e D M ) 0 R T R Y
Mg P AL o B AL T R A0 A

4 Fig

AW 5% 4% S 2 W T i A s R [ (NHL) :MoOy) ] i (SiONPs) Il (H:BOs) 3 F s S R )5 , WIE
A LYRE R E R TR (0.3 g+ L 44 BRI I A 34. 56 %0 ) A BB, 4 (0.3 g L D ER(0. 1 g L )ik
A 25 00 R MR K (384 0 43 591 R 59. 86 % A1 79. 53% ) MR T 0 R XM MRIE S R R BB 1. MO A
AHLA(0.3 g L WAL 4K a b i i F HE T 46.00% A1 54. 32%0) FIAE (0. 4 g+ L Mk P 5l A 2 5 8 e 5 18
111.53% ) F Bt 25 A A RV FH 5 AR B, B0 6 v oo kB2 B S g il i 2 R a LR 38R T R R A& R G A
AT HLE o TR BFE bR, 40 (R 0.3 g- L Wb B ) & B 4 i 40 3, i 0 3 32 T B S AL I 75 1k (4
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POD & P42 71 231. 1096 ) F9% 375 18 15 9 B FR 2R (AT i M0 W Oy 201, 48 00 , E b3 15 b 71 S 35 1S M) 5 ke 0 00 X 470 40
TR 355 4 B 7K A 5 40 (R AT 3 P ) % 8] D) ¢ B b ke R A4 P EL S8R R X A IR, B2 e b T 470 AL Ak B A A
BBV TR 225 LR TR BT (R 4 FE Ry RARTTHER RN 77. 66 00 ) 5 SRR BB IT A, AN R TR AR
FUR A 48 AR S I A2 4 A AH OGO A IR S PR AR PR (R /2 0. 45 g- L1, D=0. 701) 7E4& JhAH R B AR BT v i€ 7 E A
Fod g S, HE o Ui ] A HEAR B R E 35RO 5 B8 ) (4 THak [R] AR R0 3 ) BT 0 A 1 T B O 9 O B AT 5 i LAl
RORAXTHSS o BRI, A AT 5 S B A CEE 0 330) 75 7 e i ey 2 A i 2P () o e 2 R T 14 1 AL
i Pt T B LA, (H RO ST SR AR AR W A A B4 1 0 245 52 2%, DR SR A 5 B 20 IR T IR i B SE R P BIL AR, O 2 B
A NP i B TEORS v £ BRIR R

2 % 3L HE References:
[1] Cueto H T, Jacobsen B H, Laursen A S D, ez al. Dietary folate intake and fecund ability in two preconception cohorts. Human
Reproduction, 2022, 37(4): 828—837.
[2] Noman M, Ahmed T, Wang J, et al. Micronutrient-microbiome interplay: a critical regulator of soil-plant health. Trends in
Microbiology, 2024, 32(4): 319—320.
[3] Qin X M, Zhao Y Y, Wu S W, et al. Progress on improving plant stress resistance with molybdenum. Journal of Huazhong
Agricultural University, 2023, 42(6): 50—58.
ZEH], AL, sAnfE, % AR E Y PT IEOE R IR . AR ROl R 4R, 2023, 42(6) : 50— 58.
[4] JiaLl, Liu C K, Hu C X, et al. Research progress of molybdenum nutrition for wheat. Shandong Agricultural Sciences, 2024, 56(6) :
173—180.
Bk, XUEE, WORE, L NEME SRR L RR R, 2024, 56(6): 173—180.
[5] Epstein E. The anomaly of silicon in plant biology. Proceedings of the National Academy of Sciences of the United States of
America, 1994, 91(1): 11—17.
[6] Richmond K E, Sussman M. Got silicon the non-essential beneficial plant nutrient. Current Opinion in Plant Biology, 2003, 6 (3) :
268—272.
[7] Zhang Y, Shi Y, Gong H J, et al. Beneficial effects of silicon on photosynthesis of tomato seedlings under water stress. Journal
of Integrative Agriculture, 2018, 17: 2151—2159.
[8] Cao G, Liang M Z. Boron—the essential microelement for plant in a balance culture system. Soils and Fertilizers, 2003(5) : 54—
56, 53.
R, R —— R R R P T RO R . AR, 2003 (5): 54—56, 53.
[9] Miao X R, LiuJY, Zhang Q B, ez al. Effects of spraying boron and molybdenum fertilizers on productivity and nutritional quality
of alfalfa under drip irrigation. Acta Agriculturae Zhejiangensis, 2019, 31(10): 1583—1590.
HBEHE, XR S, BRATIC, 45 . WUHE A0 | BF AL X i AL B AE AR e M R RO R A SR RE WA L WL AR O AE 4R, 2019, 31(10)
1583—1590.
[10] LiY H. Region trial report on Elymus breviaristatus cv. Tongde. Qinghai Prataculture, 2007, 16(4): 9—14.
ZEKAL . [ B e X AR AR . T R, 2007, 16(4): 9—14.
[11] Sun M D, Li Y H. Domestication and breeding of Elymus breviaristatus cv. Tongde. Qinghai Prataculture, 2008, 17 (4) :
2—17.
INIIAE, 2K 2L . (Rl AT S i R i DI I 7 . i EO, 2008, 17(4): 2—7.
[12] Tian M, Tian Y C, Zeng D. Spatiotemporal evolution and mechanism of multi-dimensional coordination of urbanization at
county level in the Qinghai-Tibet Plateau. Acta Geographica Sinica, 2024, 79(8): 1940—1960.
PR, R, R PE 77 e M ol A 22 4 D 980 I 2 Q2 2 O . B B4z, 2024, 79(8) = 1940—1960.
[13] Lichtenthaler H K, Wellburn A R. Determinations of total carotenoids and chlorophylls a and b of leaf extracts in different
solvents. Biochemical Society Transactions, 1983, 11(5):591—592.
[14] Wang X F, Li Z H, Yuan J P, et al. The research between corn varieties canopy of NDVI and chlorophyll. Chinese
Agricultural Science Bulletin, 2010, 26(16): 175—179.
FEwe R, Ak, RN, L FORGMEENDVI SRR . P EKEER, 2010, 26(16): 175—179.
[15] Dong HJ, Wang X C, Yuan D Y, ez a/. Radial distribution differences of non-structural carbohydrates in stems of tree species of



5 35 B 10 1 Fll2F 3 2026 4F 205

[16]

[19]

[23]

[24]

[25]
[26]

[32]

different wood in a temperate forest. Chinese Journal of Plant Ecology, 2022, 46(6): 722—734.

HAE, EXE, P, S5 IR AN [FBE VA R R T A S5 A PR K AL S W R AR ] 3 T 22 S . A AR SR, 2022, 46(6)
722—"734.

Deng J M, Xiong G S, Yuan X L, ez a/. Differences in SOD, POD, CAT activities and MDA content and their responses to
high temperature stress at peak flowering stage in cotton lines with different tolerance to high temperature. Cotton Science,
2010, 22(3): 242—247.

MBIEWT, REAR AR RN, AF L MRAE AR I 75 U A R 49 SOD POD (CAT 3 P A MDA 7 ik 2 5 K ok Je 46 100 720 3k 1 361 14
N . ARAEEEHR L 2010, 22(3): 242—247.

Cartes P, McManus M, Wulff-Zottele C, ez a/. Differential superoxide dismutase expression in ryegrass cultivars in response to
short-term aluminium stress. Plant and Soil, 2012, 350(1): 353—363.

LiRQ, Wang Y X, Sun Y L, e al. Effects of salt stress on the growth, physiology, and biochemistry of five Bromus inermis
varieties. Acta Prataculturae Sinica, 2023, 32(1): 99—111.

T, LERE, bR, A SR A X 50 T e 4 A2 v AR IR A AR AL RS e R RS PEITAR . AR, 2023, 32(1):
99—111.

Cui J Q. Physiological responses and evaluation of drought resistance of three common greening plants on highway side slope to
drought. Lhasa: Tibet University, 2021.

AR . =R B H G A X T T A A e 1 B U R PR L R TEOR A, 2021

Xie Y X, Bao P, Guo Y, et al. Changes of physiological characteristics of cold resistance of Hedychium and evaluation during
natural overwintering period. Journal of Tropical and Subtropical Botany, 2021, 29(5): 509—518.

W, A, A, A A AR A 2 L R A A B B Al B PO AT B G R 2 AT, 2021, 29(5) -
509—518.

Wang H B, Fu Y Y, Yang H J, e a/. Comprehensive evaluation of antioxidant ability of different genotypes of cotton in
germination period based on subordinate function method. Cotton Science, 2021, 33(5): 393—403.

EUEE, FORGE, VS IE, . KL TSR R B0 X AN [R5 PR AR R R I SAL RE T Y SR ITAN . ARAE S, 2021, 33(5):
393—403.

Yang X L, Zhu L. J, Feng Z Z. Hyperspectral characteristics and chlorophyll content estimation of winter wheat under ozone
stress. Acta Ecologica Sinica, 2023, 43(8): 3213—3223.

BB, RMER, WA . REUMNA T & /NZ M R s Ui R F SR S A AR AEIR, 2023, 43(8): 3213—3223.

Al E A. Effect of iron nutrient care sprayed on foliage at different physiological growth stages on yield and quality of some durum
wheat ( Triticum durum 1.. )varieties in sandy soil. Asian Journal of Crop Science, 2012, 4(4): 139—149.

Magalon A, Fedor J G, Walburger A, et al. Molybdenum enzymes in bacteria and their maturation. Coordination Chemistry
Reviews, 2011, 255(9/10): 1159—1178.

MaJF, Yamaji N. A cooperative system of silicon transport in plants. Trends in Plant Science, 2015, 20(7): 435—442.
ZhenZ G, Duan Y, Wu F, ez al. Effects of Zn, B, Mo and Ca fertilizer on the yield and quality of peanut. Soils and Fertilizers,
2005(3): 48—50.

WA, BURE, R, 9F . Zn B Mo, Ca HEXS 464 7 B AN & A SE R . 3R, 2005(3) : 48— 50.

Rana M S, Sun X, Imran M, er al. Molybdenum-induced effects on leaf ultra-structure and rhizosphere phosphorus
transformation in Triticum aestivum 1. Plant Physiology and Biochemistry, 2020, 153: 20— 29.

Liu L, Xiao W, Ji M L, ez al. Effects of molybdenum on nutrition, quality, and flavour compounds of strawberry (Fragariax
ananassa Duch. cv. Akihime) fruit. Journal of Integrative Agriculture, 2017, 16(7): 1502—1512.

Hadi F, Ali N, Fuller M P. Molybdenum (Mo) increases endogenous phenolics, proline and photosynthetic pigments and the
phytoremediation potential of the industrially important plant Ricinus communis 1. for removal of cadmium from contaminated
soil. Environmental Science and Pollution Research, 2016, 23(20): 20408 —20430.

Richards R A, Passioura J B. A breeding program to reduce the diameter of the major xylem vessel in the seminal roots of wheat
and its effect on grain yield in rain-fed environments. Crop and Pasture Science, 1989, 40(5): 943—950.

Imran M, Hu C X, Hussain S, er a/. Molybdenum-induced effects on photosynthetic efficacy of winter wheat (Triticum
aestivum) under different nitrogen sources are associated with nitrogen assimilation. Plant Physiology and Biochemistry, 2019,
141: 154—163.

Wen X, Hu C X, Sun X C, et al. Research on the nitrogen transformation in rhizosphere of winter wheat ( Triticum aestivum



206

ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 10

[33]

[34]

[38]

[39]
[40]

L.. ) under molybdenum addition. Environmental Science and Pollution Research, 2019, 26: 2363— 2374.

Yang X D, Zhang H B, Wei T T, ez al. Effects of different amounts of medium and microelement fertilizers on yield and quality
of rice. Chinese Agricultural Science Bulletin, 2023, 39(15): 76—84.

WSt TRE P, Blshss, A5 o 0 R AEREAS [a) s K R ek K B RE I L b [ R A 4, 2023, 39(15) : 76— 84,
Zong Y Z, Wang W Y, Han Q F, ez al. Effects of different levels of boron fertilizer on alfalfa photosynthesis and source-sink
translocation of soluble carbohydrate in alfalfa. Acta Agronomica Sinica, 2010, 36(4): 665—672.

SEERER, BRI, ST, A Wi I X 55 A6 E A O 1 T B R R M R A ) 32 B p R . AR 2 AR, 2010, 36(4)
665—672.

Ding Y L, ShiY T, Yang S H. Molecular regulation of plant responses to environmental temperatures. Molecular Plant, 2020,
13(4): 544—564.

Yan A, Wang Y, Tan S N, ez a/. Phytoremediation: a promising approach for revegetation of heavy metal-polluted land.
Frontiers in Plant Science, 2020, 11: 359.

Wu S W, Hu C X, Tan Q L, et al. Effects of molybdenum on water utilization, antioxidative defense system and osmotic
adjustment ability in winter wheat (Triticum aestivum) under drought stress. Plant Physiology and Biochemistry, 2014, 83:
365—374.

Yang R. Regulatory effects of exogenous silicon on low temperature tolerance of tomato seedlings. Jinzhong: Shanxi
Agricultural University, 2024.

WK - AN X 7 4 B AR IR 52 P A IR PR AR IO . b LB Ok R4, 2024,

Morgan J M. Osmoregulation and water stress in higher plants. Annual Review of Plant Physiology, 2003, 35(1): 299—319.
Sun P, Duan X H. Effects of drought stress on soluble sugar and photosynthetic characteristics of Catharanthus roseus seedlings.
Journal of Northeast Forestry University, 2010, 38(8): 54— 56.

IV, BeE e . T R X E AL A R S TR R SR . AR AR R A== 4R, 2010, 38(8): 54— 56.



