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(VR AL K Vg LRI SR BB I E S L%, oM BRI 650224)
WE: [ B8] AR REASKES AT Fraxinus malacophylla $1% 8ot A B 54545, TR EREHOH A ELG T
w, THRAORHDGERRSRETHERLZFTHRL, RE—FHERZORFFTRRAGREGREE LN, [F&HE] 2
| FAGRATEAGAME, AR 0GTE), 25, 50, 75 mmol- L' 45 R 3t AT G et A B &R, TR ER
FoH A ERG YR, [#R] RRASKELESGRAFNG G TABELEH. TR ERETLS I BERA TR GY
"5, EAGREAILE], QAT G S SR KA tbet @ AR A5 R E 0 3 3 sl H A IEARl 2
K LB TheAY, Bt hd, vhAaHE, ek, rtd@iR, TR EARES> K, TANAEN, SRAYEEL
Lab £ R % (P<0.05), E45HRE =50 mmol-L™' &, sT&aAF4hg RiphtER, SR GRAT G KSR E L
FiEME; BRJEN 75 mmol- L' B, GRS EAERLFAMFMER, HWASRETZ LR GRFH GO LK, %
5K A 50 mmol- L' B, @A Gt H B EARAT A AEIEAF, TR ERESHRABERY LI R KM, it
DGAERREFRSG, [#)] aRFHGETAERGSBREHD S0mmol- L, 5k EdZHarhateFagatk, o
hetEREo At FBEEE, B 1 &2 4528
KR GMAT; 45; tHBA; ARsNR
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Response of leaf morphological and physiological traits of
Fraxinus malacophylla seedlings to calcium

ZHANG Mei, DONG Qiong, DUAN Huachao, YE Lan, LI Yanyan, JIN Youfan

(Key Laboratory for Forest Resources Conservation and Utilization in the Southwest Mountainous China, Ministry of

Education, Southwest Forestry University, Kunming 650224, Yunnan, China)

Abstract: [Objective] This study, with an investigation of the effects of different calcium concentrations on
leaf morphological indexes, chlorophyll content and enzyme activity of Fraxinus malacophylla seedlings, is
aimed to better understand the growth and development of F. malacophylla seedlings under different calcium
concentrations so as to further explore the environmental adaptability of F. malacophylla seedlings when treated
with different calcium concentrations. [Method] With 1-year-old F. malacophylla seedlings selected as the
materials, a research was conducted of the effects of 0 (ck), 25, 50, 75 mmol- L™ calcium treatments on their
leaf morphological indexes, chlorophyll content and enzyme activity. [Result] Different calcium
concentrations had different effects on leaf morphological indexes, chlorophyll content and enzyme activity of
F. malacophylla seedlings. When treated with different calcium concentrations, with the increase of calcium

concentration, all indexes of leaf morphology and structure of F. malacophylla seedlings increased first and then
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decreased, except for specific leaf length and specific leaf area which increased, whereas leaf number, leaf
biomass, specific leaf length, specific leaf area, chlorophyll content, catalase activity and peroxidase activity
were significantly different from those in control (P<<0.05). When the calcium concentration was more than 50
mmol- L', the treatment had no inhibitory effect on F. malacophylla seedlings, indicating that F. malacophylla
seedlings responded favorably to medium-low calcium concentration. When the concentration of calcium was
75 mmol- L™, it inhibited the growth and development of F. malacophylla seedlings, implying that too high a
calcium concentration can inhibit the growth of F. malacophylla seedlings. When the calcium concentration was
50 mmol- L™, the leaf morphological indexes, leaf related indexes, chlorophyll content and enzyme activity of
F. malacophylla seedlings reached the maximum, and the growth and development of F. malacophylla
seedlings were the best. [Conclusion] The optimal calcium concentration for the growth of F. malacophylla
seedlings is 50 mmol-L™" since too high a calcium concentration inhibits the growth, leaf chlorophyll mass
fraction and leaf enzyme activity of F. malacophylla seedlings. [Ch, 1 fig. 2 tab. 28 ref.]

Key words: Fraxinus malacophylla; calcium; leaf shape; physiological characteristics

AR AR A R B T B Mo Se T BB SR TR 2 —, AU R A BE | 28 e JE
SAEAREA —ENRRcEE, M EI wTVE N 40 AR AR AL RO 9SS AR A ANE S ESRedE
FPH LM 2R PetE, WiEPPiER . SrRP bRt fiELSEEED KR ha e &g, F5i0
BABEMYOCEERN, Ry R d it gt &m0 /E R, 850 5 5m AT 4 - 788 A B A
(SOD). LA (kW (POD). i %Ak &M (CAT) S I ABAH ORI Bl 005 PR 35 2R S, MY AR
A, XT45 A IE Bk BN IA], AR B o = B AR s AR I AR K R R, YR IS L A RE I A )
HRET . EEHT Fraxinus malacophylla 72 AR JEF} Oleaceae ¥4 & Fraxinus W HI&MTEA, WE2) 10 m,
FESMTmm M), EABAaE o0 R0 R AR, R K A, ZREER, R,
WAKIK, BHEBES . FARFF AT LURIER B 545, i Hid BA W 25 A EN, GRrn k&
JERT R AT B A e A BAR IR BT X, BRSNS IR R
K EEMNRE 2 —, HEPESEERIEAEX M 2~3 /5. BHAET, A RABF A E e
RO SR AR D A ek 4T DT, (HOC T IR AT 4l P B A0 A 4 PR A ()45 9k
FAAE LML AN TG 2 o ARDFSE LA 1 AR AR AT S AR, BF5E T ORI B85 R B X AR AT 2l i i TR 28 &
A PREE RS, DU FARHT R B SR AR AR

1 MoRE 77

1.1 FFSTAE s R A 4

WESEAPEN N 1 AR AR O AT SE A B, 2020 48 1 #8F, 2020 4F 6 F i 2 B /K 2 74 e Aoll R 2 4
KB, B 15 d RS, B3Rk E O 160 mm, T H42 110 mm, & 120 mm, 585G K
VIZLER) V(R VS BRE)=5:3:2, RRAFE L BRI . 7H S H, BN —BUW AR I 4R 1k
5. T 20204E7 H 5 HZE 11 H 13 HEEVT MOl KFM MR (25°03'N, 102°45°E) iff17. ISR A
1904 m, JEEHN 16~30 °C, 25 SAHRHRE N 239%~67%, K AR F T H 400~412 mg- L', 6
T
1.2 Rt

KB Z REHLIX IR, 4 S (EARES) 4B 5h 0 (WP RR) . 25, 50 A1 75 mmol- L', &R~Ab
10 MR, EE 3, 120 Bk

FEAS ) b P ZH A 4 400 v AR 2R JE] PRI DS 50 mL S [R5 B v, %o R ALt Jin 50 mL 231K,
B 15 d %5 1K, LRSS 8 K. RKERWIRl, IER BN A,
1.3 HIERESNERZ

AFE 120 d J5, SR YMI-C 2 et 1 AR iSO 8 AR FFA B A L ESE L MHRTELL . i AR
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MR o ¥ A2 I R B REIR A R AT A SC A BRIS AR I, R ) IR R I A R T 4y
U, A AR S ek I E POD W& RS, UK PO Y VA I 2 SOD I Y, FH 58 AW ik I
CAT JHHENL,
14 HEHH
FIH] Excel #1 SPSS AT 848 8 M 5 5810, R SR 2 J7 225087 (one-way ANOVA) FEA )45
WREEAL IS FARAT 4 it RIE S8R . M AHOCHE bR . ISR ER B A SO S M) 25 5%, 1571 LSD £
kit T 2 e ; R Graphpad Prism 8.0 il [£]
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2.1 AEESRELE BT EM FESERNZN

HIZ 1 AT EARAFSl i A R R S TR AR REE PSR BE TH R B 2 58 BT R R RS . FAe 4 i 9
I 5 BCEAS [R5 v B b BT 556 IR 25 57 R 3% (P<<0.05), 7RG RN 50 mmol- L' I, I A B065 Bk
6, HMABORXEAY 133 5. B4R, mhog, mHRuEEE R R i AR AR AN [R] 41 o JEE Ak
FF 5XTHY TR E 2E 5 (P>0.05), TEFHEES 50 mmol- L' B, W& MESE, MHSTELL . MR Rt
AR IR B e R AE, B M58 MRS L SRR ORI i B gl R kB 122, 1,01, 1.08,
1.21 #1117 %,

®1 ARSRELETBRTHEM HESERHEL

Table 1 Change of leaf shape determination result of . malacophylla seedling under different calcium concentrations

B 5 /(mmol- L) U A 4 /em 5 /cm I B H I /em
0 16.83+2.48 b 6.89+1.34 a 2.98+0.40 a 2.22+0.19a 29.27+4.84 a
25 21.5042.43 a 7.2240.98 a 3.18+0.34 a 2.45+0.27 a 29.84+4.84 a
50 22.50+4.51 a 743114 a 3.22+0.28 a 2.41+0.14 a 36.18+27.01 a
75 12.33+2.88 ¢ 7.23+1.14a 3.17+0.34 a 2.30+0.27 a 31.45+3.97 a
e 18.29+5.10 7.19+1.10 3.13+0.33 2.34+0.23 31.69+5.98
54 /(mmol- L) I A/ em? - E AR R A g e /(em- g ™) e A (cm?e g7t
0 184.36+68.61 a 0.92+0.34 a 1.09+0.34 a 4.90+1.14b 123.07+47.71 b
25 192.52+66.84 a 0.96+0.33 a 1.1740.50 a 7.41+431b 216.69+162.82 b
50 216.71£99.31 a 1.08+0.49 a 1.53+0.33 a 7.49+3.71b 235.38+203.47 b
75 164.78+35.31 a 0.82+0.18 a 0.82+0.26 b 23.82+15.39a 554.86+361.36 a
¥ifE 189.59+69.01 0.94+0.34 1.06+0.53 10.90+10.86 282.504+267.09

LT B PIERER , [RIBIANE TRER R — SR TE AN R 5 L W 22 5 2 (P<0.05)

HARFF Gt AR KA F e, ARG HARFT At A p B A iR
Ko M BV A RIS . ATl LA R G R JE AR B A gl i RR B AN B (P>0.05), B
HEUE TS e ETHE PRRREES, Sy 50 mmol- LT B, M BUEBUA B R, HLt i
R BOZ XS IR 117 45 H5HBE0 75 mmol- L™ I, FIRFFA AR W 5 30D 3 A b B o 35 25 57
(P<<0.05), B #SHIE TR RIE LA PREAVEH . S5 S0 mmol- L i, APy ik #l i K
{5 45y 75 mmol- L™ I, FIARFFA Y Ho - S HLi RS Hoflh 3 MR BR2E 5 2% (P<<0.05), B
EESHPBERY T T R, STEESHEEE D 75 mmol- LT A ERORAE
22 ARERELEX QT HEITREREN MK

FAR 2 AT AT ATy e AN ) B0 R JEE A B8R o e 2o 3R 3 B0 57 3 (P<<0.05), Bl B Wk JEE Y
B, FRRAT AR R e R B O O B8 ETHR TR, SLEESHRIE N 50 mmol- LT Ab BRIk
Pl RME, b, M43 ah (2.14£032) mgrg', MH4EE by (0.6240.10) mg-g', M4 E (atb) K
(2.77£0.42) mg-g ', M43 ab Oy 3.44+0.10, SXFARARLL , B8 0R 5 508 32.92% . 21.57%. 30.66% il
8.52%. *HH5UEEN 50 mmol- L™ F, Sof FHRSAT SN T I A A4 I 2 Jo it o J80AT {1
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Table 2 Change of chlorophyll content determination of F. malacophylla seedling under different calcium concentrations

F59R & /(mmol - L) 4t K a/(mg- g ) 4k ZEb/(mg- g™) 4% 2 (at+b)/(mg- g ') 4% ZKa/b
0 1.6140.11 ¢ 0.51£0.05 b 2.12+0.12 ¢ 3.17+0.35b
25 1.91£0.34 b 0.59+0.09 a 2.53+0.43 ab 3.25+0.11b
50 2.14£0.32 a 0.62+0.10 a 2.77+0.42 a 3.44+0.10 a
75 1.80£0.28 b 0.56=0.08 b 2.36+0.36 b 3.22+0.13 b

LWL Bli IR, PRI TR ] — SRR AN [ 753 L 11 22 57 1. 25 (P<<0.05)

2.3 ARG ESIE B4 B iE R R0

23.1 RESSKEAFZIT QAT POD EEeHww  HIE 1A PTH: M55 A 50 mmol- L' B, [
AT A1 POD 1 15 HAAl b B 22 55 38 (P<<0.05), BEZEEGWE 3G, P4t A POD & 1 5
JEHMIE T RS, 5 AL B A POD WG MR Yy TR, S X REAH EE, 20, 50 A1 75 mmol- L™
5 e B A PR 0 AR AT ) 5 8 POD IE A3 38 N T 12.42% . 41.56% F1 19.63%. 445K R
50 mmol-L™" i}, FIARFFLIE M POD 3 PR %5k o

232 RESKRELAIIT GAAFL S SOD E e Hea & 1B Al Al I 4B A [F) 45 i J3E Ak 3 )
SOD {22 F AT & (P>0.05), RlAEFSWRE AN, FARFTLIE A SOD M 2 A3 hn 5 T By
e, TR EE SN 75 mmol- L' Bf, SOD &M Ak, 5 50 mmol-L™" 454k BE A BRAH L, XF B, 25 AN
75 mmol- L™ 59k FEAL BT FUARFT 4 i - SOD & P43 IR T 4.56% . 1.69% Fil 13.56%. 455Uk B K
50 mmol- L™ B, FIARFFLIE I 1Y SOD i Mo o

233 RR4SREALET QAT Y CAT FHeFra WK 1C Al AWM, HRre
CAT {2 e G FREREH, 50 mmol- L™ F5 R B AL 5 X IR 22 53 B 3% (P<<0.05). 7F 4 P AabHi,
50 mmol- L™ 5 3¢ & b P A CAT 36 P& i, X AR A CAT 3G PE B AR . F5 vk B ad o S il (AR AT 4h i
CAT IGPERIHE M, (HMEE5ALBE CAT 36 M3 & X . Rk, s b 3 Re A 5082 & FARFF2h i v i
CAT W&, 7E55H N 50 mmol- L™ I, FIARFT4I T CAT Ih PR iR .

A B C
=20 a 250 a 2 a 4
CE . [ EEE e .
: g - ==
oI5y J_E = - 200 _-E 3F b = b
o0 [ () b
= = 150 - -
E 10| g g 2t
< < 100 | =
£ 4 4
e B } b -
= 5 \—Dg 50 | \E 1
S 3 S
0 20 0
0 25 50 75 0 25 50 75 0 25 50 75
B9 /(mmol - L) 59K FE/(mmol - L) F5 3¢ E /(mmol + L)
B 1 REV4SR AT GACH 403 B & o T AL
Figure 1 Change of enzymatic activity of F. malacophylla seedling under different calcium concentrations
3 ik

A AR R B IR T Z A Y BRI E A BB R IE W A, RIEME RS 2 0 A AL X, A
WIIR g s S 2N ES I f i . AR e R, S I SR A e AR A I e TR A AR RO
S S PRI . AU i A M AR Areca catechu SR . BEERE SIS R B HE
AR BT = S Y LA 4 Pinus sylvestris var. mongolica #1H WA, 1 B A5 e B v {2 Vb M AR+
WY AERKRE . AR MESWKENTE, FARTFLE et gk, & HSErm R
TEZSHEAR T S A 5 v a4, YA M g 50 mmol- L' i, FIARFTEAIE R A B, K, HETE
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M AR R R A A R B KA . Y AESYRIE N 75 mmol- L' B, X EHARATL I B9 RS KAl
KAGARAMIHIVER . 25 LAk, 18 B R85k B v] LR UE FORFFAD i B A, e vk B ok s S Pkl AR FF
MK

00 V1 O T R 4 5 W A AL X R (R AR ICRE g, B T AR 52 AR, [ R 42 K B9 U5 1) 6 ) B ket
AEAFIRBE RGN o VAR WG R I . H i T AN R AU 0 S N AR S B, b AR
ARBCF R AR RFR N B SRR RE Mk . AP R . RGBSR BE A3, b AR A S 0 5 e
o L ARESIR BN HASAT S A AE KA R HE ], AR I, AT A 2l e e i R T AR
KIE B ES PGS . IR AT B i R ) B i R B A S T R A T R TR R, BB FUARFT 4 AR AN [ A v
Ab PR AREUSE IR AR AR NS TR RE TR

HEY ek Z NSRS A VE Y Bk ah K S R, Rk, e R T B s AR — o R
BT REYDCARE I RBRES . PVEL BT S AR BE A NS [T Pinus tabuliformis ¥ A
2 22 o M B e R il D i A . AR AR DY R Bk B A N S BRI ARR I e (g A 2
R AR BEE W EE RGN, FARF ST b SR R B S B R e T R BRI
B BT, MEEAAESIR T AR A R e a MPARE b AR E (atb), i AR B TT LA
T AT Sl v e S 2 T A B RS

FEYERLYI AN T DU AL 2 R0, 38T DLZERFE ) A0 A BT . SOD TR M 4 e b M Y
A RAL AR AR, FEEIREEE AT H % (0;) Fk WK (H,0,) FIEA (0,9, POD Al
CAT /2P 1R 40 N AL PRl F 22D BRI R BRAE YR N 00 3 S Ak I HaOy, AT il Xef 240 b 65 g
BEP, K, SOD. POD #l CAT Y V-5 Bh 1% BR A4 i 16 1k S P Fp O R A i D e, S
PAES L AVBL AR I R B S A A AR B PR . ZEAREESE Y, POD. SOD Ml CAT it
Bl £ 94k BE R 38 0 2 THE JE BRI s M 4G MR <50 mmol- L' i, A4 B F A9 POD . SOD F CAT i
PEFH S . A5 E > 50 mmol- L™ B, FIMEFF4) I A POD. SOD Hil CAT 1& HEREAK, 156 B 45 ik B it
= T8 POD., SOD Fll CAT G PERY 4 . HARFT4IEFE 25 A1 50 mmol- L™ FHIR EEAC T, BTG 34
i 65 v A B4 T B, B0 P RIS O E T, R DA R A A S PR S S AT B IR 75 mmol- L
W, 3 MG PE R R R ERRAG, RO T AT AT ERBE 77, AERRAA PN 75 1 4ok 22 0O 3 il i i 36
F, REEHEEREAL, S RTEEEERRAE I FENL, MH AR AT A A

4 i

PO JE 22 AR AT 4l i i IR SR AR L SR B TR - ORRERE E , FAGAT A9 A S48 AR ER L
I L I T AR B e JEE A3 g fn gk, HRAHSRAR bRt S e BT E TR S, BB T4l i it 4%
R M ., TR PR A 55 e E (0 T i 2 B ek s B AR 3 . AU EEAE 50 mmol- L' 1, X 46
FRAEi R R E RO BA — e, S 1T ERRAT A it A s s B B, 3 T FHAeAT 4
A H R POD, SOD., CAT {fith. ™. REGUSEXT FARHT 2w AR oA AR AR A e T, i AR
FERp b ARG IR B AL BEEAT —E A B
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