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(MDA ), antioxidant enzyme activities ( superoxide dismutase ( SOD ), catalase ( CAT), and peroxidase
(POD) ), and osmolyte contents (soluble sugar (SC) and proline ( Pro))—were analyzed in the leaves of Am-
mopiptanthus mongolicus collected at four growth stages: young leaf stage, flourishing leaf stage, old leaf stage I,
and old leaf stage II. The changes rule among different leaf growth stages and response to climate factors: monthly
mean temperature ( MMT) , monthly precipitation ( MP) , monthly illumination time ( MIT) , and monthly mean
relative humidity (MMRH) were analyzed.The results showed that the average contents of C, N, and P in leaves of
A. mongolicus were 591.50 g « kg™',25.61 g « kg™', and 1.32 g - kg™', respectively. The average values of SC,
Pro content, SOD, CAT, POD content and MDA content were 7.21 mg - ¢”', 236.99 pg - g™, 619.22 U - g™",
21.17 pmol + min™" - g”', 8 018 U - g”', and 18.38 nmol - g”', respectively. The content of C among different
leaf growth stages were no significant differences (P>0.05). The content of N was no significant differences until
the old leaf stage II, when it significantly increased to 2.86 g + kg™'. The content of P was first increasing and then
decreasing and was the highest (1.44 g - kg™') in the flourishing leaf stage. C : N showed no significant change
until the old leaf stage II, with a significant decrease of 20.92, and N : P showed no significant change until the
old leaf stage 11, with a significant increase of 23.95. C : P first decreased and then increased, reaching a minimum
value of 413.64 during the peak leaf stage and a maximum value of 500.27 during the old leaf stage II. The content
of SC and Pro, as well as the activity of SOD, first decreased and then increased, with the lowest values being 3.76
mg + ¢, 191.14 pg - g, and 237.57 U - g¢”' during the peak leaf stage, and the highest values being 11.69 mg
- g7, 303.54 pg - g, and 892.03 U - g during the old leaf stage II, respectively. CAT activity first decreased,
then increased, and then decreased again, with the lowest reaching 11.35 wmol + min™' + ¢ during the peak leaf
stage and the highest reaching 31.39 wmol + min™" - ¢”' during the old leaf stage 1. POD continued to increase until
reaching a maximum of 9 572 U - ¢™' during the old leaf stage II. MDA showed a trend of first increasing and then
decreasing, with the highest peak leaf stage being 30.908 nmol - g”' and the lowest old leaf stage II being 7.69
nmol + g”'. The Variation analysis showed that the contents and stoichiometric ratios of C, N, and P were relatively
stable with leaves growth, but the antioxidant enzyme system changed significantly. The correlation analysis revealed
that there was no significant correlation between leaf stoichiometric indexes and antioxidant enzyme indexes (P>
0.05). Linear regression analysis showed that MMT, MP and MIT had no significant effects on all stoichiometric in-
dexes (P>0.05). For membrane lipid peroxidation products, antioxidant enzymeand osmolyte, MMT had significant
effects on else antioxidant enzymes indexes except Pro, MP had significant effects only on SC, SOD, CAT and
MDA, and MIT had significant effects on only CAT, POD and MDA. MMRH had no significant effect on all mem-
brane lipid peroxidation products, antioxidant enzymeand osmolyte indexes (P>0.05) and had significant effect on
only P, C: P, and N : P in stoichiometric indexes.

Keywords : Ammopiptanthus mongolicus; leal stages; stoichiometry ecology; physiological characteristics of

stress resistance; climatic factors
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Table 1  Climatic factors in different leaf stages

HFEIH

USRS b3 i HEEKHE  H I
. \TdE 3
Leaf period ~ MMT/C MMRH/ % MP/mm MIT/h
44
Young leaf 28.0 42 10.7 330.7
stage
RN
Flourishing 20.3 50 16.9 218.6
leaf stage
Zm 1
0ld leaf -7.9 57 0.0 212.1
stage I
ZH
0ld leaf 11.7 44 10.5 219.7
stage |
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TR 22 H1 (one—way ANOVA) | K Tukey’ s
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Table 2 Stoichiometric characteristics of A. mongolicus leaves in different leaf stages

M-39] Leaf stage C/(g-kg™) N/(g-kg™h) P/(g-kg") C:N C:P N:P
4t
590.83+14.33a 24.10+0.22b 1.24+0.08ab 24.51+0.48a 485.09+31.84ab 19.81+1.34b
Young leaf stage
3]
. . 589.78+12.02a 25.14+0.95b 1.44+0.07a 23.57+0.86a 413.64+19.46b 17.61+0.89b
Flourishing leaf stage
ZiH 1
. 589.32+9.84a 24.63+0.57b 1.40+0.03ab 24.01+0.95a 420.89+8.64ab 17.62+0.68b
Old leaf stage I
&
596.05+4.91a 28.59+0.83a 1.21+0.08b 20.92+0.56b 500.27+32.95a 23.95£1.63a
Old leaf stage II
SEHE Average value 591.50 25.61 1.32 23.25 454.97 19.75
2% Range 6.73 4.49 0.23 3.59 86.63 6.34
A5 R R
2R B % 0.52 7.92 8.65 6.89 9.698 15.12

Coefficient of variation

L ARG TR 2o Ab B 0] 22 57 2% (P<0.05) , R IAl,

Note; Different lowercases letters in the same column indicate significant differences between treatments ( P<0.05). The same bhelow.
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Table 3  Physiological characteristics of stress resistance of leaves of A. mongolicusin different leaf stages

] Leaf st SC Pro SOD CAT POD MDA
s S(mg-g) /g cg!)  /(Ueg!) JCpmolmin™ -g) /(U-g) (ol g )
4t
4.7£0.12¢ 212.37+3.57¢ 534.49+11.2¢ 13.65+0.19¢ 6116+33.11d 25.90+0.24h
Young leaf stage
A
. . 3.76+0.07d 191.14+3.03d 237.57£2.17d 11.35+0.16d 7396+32.50¢ 30.91£0.28a
Flourishing leaf stage
Z 1
8.66+0.07b 241.09+2.76b 812.78+6.82b 31.39+0.18a 8988+58.86b 9.03+0.18¢
Old leaf stage 1
-
11.69+0.07a 303.34+5.43a 892.03+10.09a 28.29+0.22b 9572+45.87a 7.69+0.17d
Old leaf stage II
FHI{E Average value 7.21 236.99 619.22 21.17 8018.00 18.38
%2 Range 7.93 112.20 654.46 20.04 3456 23.22
AR ez g,
L5t AR % 50.93 20.57 47.97 47.87 19.54 64.00

Coefficient of variation
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# indicate significant differences at levels P<0.01 and P<0.05, respectively.
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Correlation analysis of stoichiometry, antioxidant enzymes, membrane lipid peroxidation

products and osmolyte content in leaves of A.mongolicus
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Fig.2 RDA analysis of stoichiometry, antioxidant enzymes,
membrane lipid peroxidation products and osmolyte content

of A. mongolicus leaves and climatic factors
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Table 4 Linear regression analysis equation of stoichiometry, antioxidant enzymes, membrane lipid peroxidation

products and osmolyte content of A. mongolicus leaves and climatic factors

AV MMT

A YA MMRH

fitr B L I8
Index R? P R? P
Regression equation Regression equation
C ¥=0.00002x+6.3817 0.0001 >0.05 y=-0.0447x+6.4036 0.005 >0.05
N y=-0.0005x+3.2461 0.0068 >0.05 y=-0.3411x+3.404 0.0558 >0.05
P y=-0.0023x+0.3004 0.0528 >0.05 y=1.1058x-0.2626 0.2414 <0.05
C:N ¥=0.0005x + 3.1355 0.0068 >0.05 y=0.2964x+2.9996 0.0389 >0.05
C:P ¥=0.0023x+6.0812 0.0514 >0.05 y ==1.1505x+6.6661 0.2494 <0.05
N:P y=0.0017x+2.9457 0.0192 >0.05 y=-1.447x+3.6665 0.2538 <0.05
SC ¥y=-0.0216x+2.1562 0.4049 <0.01 y=0.7706x+1.5026 0.0098 >0.05
Pro y=-0.0054x+5.5232 0.1733 >0.05 y=-0.429x+5.6593 0.0206 >0.05
SOD y=-0.0214x+6.5902 0.3006 <0.05 y=0.0561x+6.284 0.0000 >0.05
CAT y=-0.0275x + 3.3164 0.6909 <0.01 y=2.8287x+1.5929 0.1391 >0.05
POD ¥y=-0.0101x+9.1064 0.5949 <0.01 y=1.3142x+8.3402 0.1908 >0.05
MDA y=0.0348x + 2.2773 0.5684 <0.01 y=-2.7434x+4.0546 0.0673 >0.05
ot ok MpP HJeiaRia) MIT
Index Iy R? p BN Epy: R P
Regression equation Regression equation
C ¥=0.0001x+6.3808 0.0004 >0.05 y=-0.00002x+6.3857 0.0004 >0.05
N y=0.0018x+3.2226 0.0160 >0.05 y=-0.0006x+3.3922 0.1329 >0.05
P ¥=-0.001x+0.2805 0.0021 >0.05 y=-0.0008x+0.4703 0.0931 >0.05
C:N y=-0.0016x+3.1582 0.0128 >0.05 y¥=0.0006x+2.9935 0.1167 >0.05
C:P y=0.0011x+6.1004 0.0025 >0.05 y=0.0008x+5.9154 0.0855 >0.05
N:P y=0.0028x+2.9421 0.0099 >0.05 y=0.0002x+2.9219 0.0031 >0.05
SC y=-0.0444x+2.2975 0.3511 <0.01 y=-0.0038x+2.8087 0.1710 >0.05
Pro y=-0.0111x+5.5583 0.1490 >0.05 y=-0.0011x+5.7168 0.0927 >0.05
SOD y=-0.0643x+6.9231 0.5561 <0.01 y=-0.0006x+6.4476 0.0028 >0.05
CAT y=-0.0582x+3.5122 0.635 <0.01 y=-0.0042x+3.997 0.2228 <0.05
POD ¥y=-0.0124x+9.0925 0.1831 >0.05 y=-0.003x+9.7103 0.7100 <0.01
MDA ¥=0.0689x+2.0744 0.4579 <0.01 y=0.0063x + 1.1896 0.2521 <0.05

AR R N &R iS5 ARy S RME Y, &
BRI A K, Hoh, WAHEFLT T 5 Whin
T, R R TSR S N Y,
B R, WM+ Rt R 52 m

WAH R P BRI 1.32 ¢ - kg™ K
TRBREEHAL Y (1.99 g - kg™ )2 EARFE AL
FRARAEEAT (2.00 g « kg™ )™ b [ Bl AR M9 M A
(150 g - kg )™ P EEHATRLE (1.9 ¢ -
kg ) B EF(1.60 g - kg™ P EEMIX AR
FALBBFE R (1.74 ¢ - kg™) PO (H & T35
BORIFE A ) M (1.04 g - kg™ ) P FIZR B 7 5 —
PUSR /R Z 17 9 Fh B AU FE S AE ) 4 (1.18 g -
kg™ )M LR BT, A E M A CON SR, M
P & E Rk,

JCER C EEEM P E g Ew R C R
1R, A AR, A K B G, X AP B S R
R B A i T 1B R, D 4 T AR Ry 9 B DX S e T AT
Yy, A KA 18, T2 G A EH o B 2l
R ML BT, A I R A LY R,

EBNHEE RET MEh SRHE Y, YA TR R B
HRARE S BeE i N & AT R 5 HAE K T 535
BT X, TVDATE M ef i P k5 (R A, 7] A
PAL o SR B A3 DX XU A B 2, 3800 -3 rh Pl
Wde MRZ T AR AT P 320 A JE 1 A

P AL TR FRRE A 2 K R B R )
HEL R B R ERT, Horit - C s NFTC : P fY
PUAR RS | 0k 25 L W M 75 36 78 22 1T B T A
(8 1R WL T R ) 7 300 2 R 5 A
BRI ARRIER € N BE N 23.25, T
IRl A5 B AR MR AR (29.10) ) (H 785 T3 4 B R
Fi(21.2) ) EBE A S RS (17.9) 1 K
Rrss — VGBS OR Z2 M O A i B 37 U A B 3 (4
(19.43) 17 5 4R A R H (23.80) PRI,
TP AT 75 55 43 305 A 98 vh A 725 10 I BB A 32
R R I SEmG , AEKHR I A R e E A2 i
FEREAE SR A K A ISR A S A K %
R R AT R R i 28 1 A IR C
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AIF 5T 2 BT 5 R A6 S5 X 300, V0 4 75 B Rk HE R TN 4%
WEMC:N.C:P N:PHEFEBEH, N: P
TEAREA R A N P AT DS R A K
WEZRHBRITE MY N : P HE/NT 14 i T
32 N BRI, 0N« P fE KT 16 Wi T 52 PR
#1414 Fl 16 Z[A]52 N #1 P Ak E R &Y, %
B 45 VB9 S W BT 7 36 SR RS 52 A M R I 28 70 1Y
54 MpFEEAEYINT R C NP SN« P BB RAL,
N : P<14 Ui BHI e AR Y 7E 32 N P SR A
TR B 5 32 N BRI, 28 B AR g R B
B FERE K Fe 55 Ak b X B SR IO V0 AR 5 R VD
FEYINE R P A, 3 R b v RS R A
BT 38 R KB A i B N 2 P> 16, BRI
VLSS B N P<14, DhEESEIARSY
RNV EHEIR N PEIEN 13.3, A K FEZ
NICERH, BEARK SR R &HF A
N : PHEIEFE K 15.55~29.25, ¥I{EH N 19.75, 53
FHEPARME L EFT RN P HETEE Y
16.07~29.66 25 —5, H = T 2R RE (13.80) P
HE AR R R AL RE AR (11.50) 22 A A [ i b R
(18.00) ), 55 il 17 3 — PG B /R 22307 (19.94) 7 A
I ARYE N - P EERUL, RV AFEARKFESZ P
PR, P BRI T FIAS [F] 2= 15 T A0 P AL fE
A K A RS G TSR RO — 20 5%
BRI E B8 1 RO P AR N T M AR R LR
YK, MDA F i Al DL i sz ik s fig i 421k 45
Pl 2 o 3% B T 52 W 380 X HE ) 19 52 i, CAT
SOD ,POD #B/2 20 Mu b S8 AL G R GE R EZE A, e
3% P4 (ROS) , Pro il SC SR AEYIIR N FE 155
VAT, VD A B AR K, R R R AR 0 e /b
BEXHE A E T DAL B S R Y
WA B 2 Y BIFSE T B R YD A (A nanus ) M HAT
PERE AR A A S I R n = A g
W (A PR 28 SO EE ) BB S A AL
TR R, AR R AE MRS AR O R 2R
B FUASE, 5 45 ORI 20 3 E A O, i
BIHATR 5 25 SRR B 2 0 2 IE ARG, AT R R
P15 28 SR B A 3 TR AR O AR 6 3 0 £k
PEENE AR T, BERR o A0 W P A BT 1
b Siia LNV NNl W S R b A i DO 2 iy N
MMRH X B g i3 EAk ™= Wy Bt 8 Ak i i 1 75 33 )
RS RN B2 (P>0.05) , MMT %% Pro
AL AR i o S A W B A A S T B A
A R 2 MP B X SC SOD  CAT Hl
MDA 5200 . 25, MIT %} CAT , POD Fll MDA 5 i i

F o AR TARSETHR AL, PO A MRS 1 %) 2R 358 A
P AR BRORE R ROR s 4 A 1 e e 3h 22 51
BTN, A s A 1 2 6 AR
AR ) AR it 00 5 8 B Al T T, Jim S5
TCHE TR X HBORE BRF ] 53 A9 552 A B 5 B4 Ak
BEHEAE 28T

4 45 it

SCEURORUE S TR A iR A i W | B
M T4 4 DA KR BIE C N P e AR e S
Pl A PR AR ARG 2 B, A C & Bt I
B2 N e FRUs B, P &Rk
FHEJE AL, SC Pro £ &A1 SOD ¥ 1 ek (K5 7+
1=, CAT 1 PE 2 [ - T+ - B 8 28 4k, POD T P —E
Thir , MDA F i 2eTH R A S, AT
R Esm T A CON S8 N P.C: P &Mk
SRR, AR Bt AR BRI Y 0 BE, Hoh fk
2T ERRIE 22 A0 T R W AN, ot AR B A2
SR F R M AR K
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