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Responses to non-structural carbohydrates and nitrogen and phosphorus content

in the leaves of Magnolia sinensis along different altitude gradients

KANG Xikun, CHEN Xiaohong” , GONG Wei, ZHANG Tengju
College of Forestry, Sichuan Agricultural University, Chengdu 611130, China

Abstract; Non-structural carbohydrates (NSC) , nitrogen (N) , and phosphorus (P) are important energy sources for plant
growth , and their deficiencies affect plant growth factors. Magnolia sinensis is a rare and endangered species of wild plant in
Sichuan province, and studies of its NSC, N, and P can reflect its nutritional supply level and adaptation strategies to the
environment. The present study was conducted to evaluate M. sinensis at six altitudes (1840, 1960, 2070, 2170, 2270,
2390 m) in Lushan, and the NSC, N, and P content and their stoichiometry in the leaves at different altitudes were
analyzed. The results showed that the soluble sugar content of M. sinensis in 2390 m leaves was significantly higher than that
in 1840 m leaves. The NSC content at different altitudes was extremely significant, showing a unimodal change of “low-
high-low” with increasing altitude. The NSC content of 2170 m leaves was the highest, and the carbohydrate supply was
sufficient, ratio of soluble sugar/starch increased with altitude, N content and N/P ratio decreased with altitude, and N/P
ratio was less than 14. The NSC/N ratio at 2390 m was significantly higher than that at 1840 m. The results showed that the
soluble sugar and NSC content in the leaves of M. sinensis were not affected by the altitude, a higher soluble sugar content

was beneficial for resisting the low-temperature environment, and growth was mainly limited by nitrogen but not by carbon.
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The protective strategies of NSC, N, and P in the limited distribution range of the endangered plant M. sinensis were

determined, providing information on carbon metabolism and adaptation strategies used by this plant.

Key Words: Magnolia sinensis; non-structural carbohydrates; nitrogen; phosphorous

AELERIPERR K AL B ( non-structural carbohydrates ,NSC) FZFBHISFITET X K2, AWK TR 1)
TEHER |, SR AT RIS SR8 1 — A T B B b, A A 0 A R R B M AR e S AR
ASJEEF NSC AT DGR 22 bV E R, & SURGEVEF 07, BRI e 5 6 VR FH G Bt 25 52 ma A4 NSC /Y
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WIAE o3 A B E B K AL S WD BERCAR DL | DTS F7 A1 BEAR AR Wi e R WU A AN ) o 4 14 A B A R0k il 4 14 365 I L
il , IEHE— PRV [ R T WS AR BB W SOIR DL . H RTXAEY) NSC 5 A BERE K 1 2B AL W 5 b )
F AR R AEA P 2E K R rh Ik PR T RO 58 BT R Z I R Bz R gAY

[ . % ( Magnolia sinensis ) AR 2P 2 JG M REARBUNYA, B 5 R i g By AR A Y )14
R AR WA ) AR SE PR R AP AR VBRI A A 10 R 22 R R 1 U )1 v 8 LA R AL i
Vi I R IR SR PR P L B A2 N T A BT i o3, £ B AR K 1800—2400 m B ARZR FITE A
E R B BRI X R R 22 S Tl AR A S 2 5, R IR SR IR AR 55 . AR SO T A R A
L BN TRl A Y B 22 A NSC VAL B i SCHAR LG &R  HULRTE R IR IR (1) NSC (N P % it R4k T
ARG I 7 EATZ A ER? (2)NSC 5 N (P XM £ 2= iy A KA TCIRHIEH 2 (3)id@4d NSC
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B EREAL  HAEBRIE A O SRS HIBUE S %, BRI 22 oA RS, A B A2
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Jr B A KRR RAF ARRRAREATT R 20 BOR-AHURE , 5578 105°C R 30 min, #4575 80°C FPMit T2 4HH &1,

R1 REMERFR

Table 1 Basic situation of Magnolia sinensis

R /e R/ m B #4H K& Ree: &3
Sampling point Number Elevation North latitude East longitude Soil type
SN P1 1840 30°37'34.2" 103°4'5.9" Gy
30°37'33.8" 103°4'8.1" iy
SIS NI P2 1960 30°39'1.2" 103°1'56.9” AR
30°39'29.9" 103°6'52.9" Py
SN P3 2070 30°39'40.2" 103°048.3" AR
30°39'37.3" 103°0'46.75" Py
SIS NI P4 2170 30°40'47.9" 102°59'42.3" e
30°40'45.4" 102°59'48.4" Frige
FOLE R4 P5 2270 30°41'18.8" 102°58'48.9" s
30°41'18.1" 102°58'48.9" Fridge
FOLE R4 P6 2390 30°41'27.6" 102°58'24.3" R
30°41'27.4" 102°58'27.4" Frg

2.2 NSC #4153 J NP & & il

T RE SIS 03 2 mm B, RN I ERE S BRIC—3B 43R & R A O B3k I 52 NSC, A 375 T %
PEWE (R 0E SO0E RERE) FTER .

PR et — 0734 ot R AL R - e SR T 5 Y X i A T AR B | 2 Ji5 2R FH 4 H 2 18] W7 4627 53 A { ( Smartchem
200, AMS £E ) 5 i R A i, SR AR DTS AT DA Yo B e i ol i
2.3 Fdmabr

NSC & = Al & e+ W & i

BARGEH I3 HTAE SPSS 20.0 #fE 52 i, K 1 One-Way ANOVA 23 M7l Duncan #6365k #4722 8 LAk, iF

1T Pearson AHIE AT, #H K R VELE Microsoft Excel 2016 H15¢ AL,

3 ZBRE5S

3.1 AFREHRFENE 220 B NSC 4145 F N P &8 {k

W 2 s, B 22 R S i R AU Ve R B i NSC AL IR TR HUAE TR A [
TR ) 22 S Al S B P T 22 I A AR 5 s AU by O s Y BT 4R AR IR < W R AR A i g SRR
VAR ATV VR LA R BV R T SR N AR AL R B b R NSC B B AR 0 1 i
A BT FRERAEAL  7E P4 bR i KAA , BN R 220 AR SR T M T R AR Pe kb i
T PL AL,

B E =20 i N & P & NP HERTER 73078 10.41—18.26 mg/g 1.42—1.85 mg/g.6.70—12.
91, H N & HF N/P LU AEAEAN IR ) 25 S b 2 o 7 S R R Bl VAR A o 2 6 B AR A 3 s i % 1t B vl
WARAL R A M BUAR AR A3 N/ P AR B I 4 ) 338 T S R A A8 Ak 34
3.2 AENEHEM E L0 B NSC 5 N P fb2Ai i g As fk

B 1 AT LUE AT/ N TERS/N NSC/N JEH/ P TEAS [ 14k 0] 22 S0 8 35, PT AR/ Fl NSC/
P W LUAETEAN )RR 4 (R) 22 5 2 o T R 22 i e Al el /N LB 2 3 B T3 Ve K/ N H NSC/N Lt
EE 5 EIHE TRERAZ S BITE PS ALk B RAE ; il NS/ P LB BE A A B I 52 5% B THS T ey 42
16,75 P4 ALK B I RAE . TTER/P FI NSC/P 1Y LB Y Bl SR 038 n 2 20 W RU AR Ak ka3 53007 P6 i
P2 Abik E IR
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F2 FRIBHEMEZMFHIESEERKLESY (NSC) T
Table 2 Characteristics of non-structural carbohydrates(NSC) in leaves of Magnolia sinensis
F8HT Index P1 P2 P3 P4 P5 P6

TR S/ (mg/g)

4.238+0.527¢ 4.135£0.411c 6.147+0.583a 6.451+0.668a 4.844+0.366bc 5.633+1.038ab
Leaf sucrose content
S A "
PRI R (me/) 1.095+0.038b 1.237+0.108b 1.822+0.256a 2.193+0.519a 1.830£0.395a 2.091+0.709a
Leaf fructose content
AT YA M2 i/ (me/ o
PRk (me/ o) 4.853+0.487d 5.200+0.313cd 7.194+0.868ab 8.625+1.366a 6.567+0.769bc 8.084+2.034ab
Leaf soluble sugar content
i} NS A =N o/ o
HIEBY iR/ (me/ ) 8.122+0.487¢ 7.185+0.843cd 9.800+1.441a 8.313+1.094bc 9.574£1.506ab 6.657+0.458d
Leaf starch content
I NSC & L/ (mg/g)
Leaf non-structural 12.975+0.953¢d 12.385+0.662d 16.994+0.752a 16.938+1.572a 16.141+2.22ab 14.742+2.15bc
carbohydrate content
AR
T a i/ (mg/e) 18.268+0.241a 18.123+4.263a 15.717+0.704ab 14.899+4.381ab 10.405+2.027¢ 12.352+2.157be
Leaf nitrogen content
R AR/ (mg/g
AR/ (mg/) 1.416+0.036b 1.689:+0.369ab 1.478+0.115ab 1.759+0.489ab 1.504£0.16ab 1.847+0.089a
Leaf phosphorus content
AR/ TE K
el R G . 0.597+0.0310b 0.735+0.1220b 0.757+0.197b 1.056+0.253a 0.690+0.052b 1.216+0.295a
Leaf soluble starch ratio
N/P
12.910+0.455a 11.340+4.099ab 10.693+1.058ab 8.591+2.237hc 6.960+1.511c 6.696+1.175¢

Leaf nitrogen to phosphorus ratio

[T RING IR TE 0.05 /KTl B9 7EFE B2 57

3.3 RENGH RN F 2200 B NSC 5 N P lIHE X R

XM £ 220 () NSC 5 N P & 4T Pearson 4387 AT AT 3R 3) < M & 1 5 400 & & v M &5 1
NSC | FTVA MRS/ FERY OB 1 A0 8 2 TEAH DG OC A8 5 SR &% i S5 T VA PR 5 5 NSC T M/ TE ) LU 1 2 4%
BEFEFMCOCHR,MSH N & NP HfE S W T DCOCER ; nIE NS & 5255 NSC AT P/ TE 4 LU 1 52 4%
WEIEARKR, 5 NP WEREREAMCCR ;M T ES NSC EWMBEFMXLLR, 5P TEEREN
TR, AT/ TE R O 2 W5 OGO R s N/P WS P & B B & UG, 5 i tEbs/
JEA LUABLE 0 S UROC, TS N S B AR 3 IEAE G,

4 itig

R B NSC 25 830 5 R S WAL ) I A9 B (36 K P 30 BE AR B ) A ROIR B B X 0 355 1) o
JOESREME T A NSC AL 53 rh A FE b D ELA N PR 0 P4 R 3 DA Ay S i 8 00 TR, T W P M T B e
TshZ SRR R E BRI 30 . ARBRIE R B, B R 22 A R T MR i AE Pe Ab KT Pl
b, SR ACGRAE Li S RBFTESE R B, RN A5 4 R0 AT M A RO B S, AR )
PR A RS A R B R A TR ARG 5 A R AR AR L U (i T MM S KT 3
DIRHSG w5 A AT MM T LA o L AR L TR5 3 T, 91 L 0 L P 25 K DA T (7 A A IR B i 4 R R [l
PGB 2205 NSC 3 i 22 bl 2, VR SR T i R BRI (R B0y b A i A 2R R AE P4 ARG
B T 2=, iR NSC & i fie i, BRI BERE 8 2 1o Al T 0 b SR B R i 22 DA I AS [ A 7K
RJE RGP HONSC A FRAIR, 5 A XM AT I B ST 45 AR . BEE 3T 5, R R AL, 25 80
Py TR 1) PR AL AL AR SE 8 5 22 R ek o e W B A AR fl i B AL R S R R
AR WA 38 ] e e 2 BIBEIT R U2, i T B £ 220y P 3 i Bk T e 2 M AR e S BN
AR IR T 22 7 B P S R T B R R OROCOC R R P S R S A IRV E A (R
MR B ATy LA RE TSR T e (IR BE B IR ) Tz 8 A, R I T IR P/ e A B AR B I R 22 41K
TRV de rh AR 2 TG A 2 ATV P b 14 A LA A B2 A g S — A 5 AR 39 3 L
i, AT TR s W/ VB LU (L, AL A R B 4% | AR A X 85 2% 1y — R AR i 17247 33 B L A
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Fig.1 Stoichiometry of NSC, N and P in leaves of Magnolia sinensis at different altitudes

®3 AREIBHERMEZMF NSC 5 NP HHEXREY

Table 3 Correlation coefficients of the contents of NSC, soluble sugar, N and P in the leaves of Magnolia sinensis at different altitudes

™ \ b . NSC & , AT N/P
SR SR RS R whaE " At it R .
Non-structural ) B/ TER Nitrogen to
Sucrose Fructose  Soluble sugar Starch Nitrogen Phosphorus .
carbohydrate Soluble phosphorus
content content content content content content . .
content starch ratio ratio
e A
RRR 1.000
Sucrose content
ik A L
AR i 0.828"*  1.000
Fructose content
AL ~u/-\g.
iR 0.892°°  0.940°"  1.000
Soluble sugar content
oA A L
R Tt 0.112 0.075 0.010 1.000
Starch content
NSC #rid
Non-structural carbohydrate 0.744 " 0.756 ** 0.759 ** 0.658 " 1.000
content
.77 Nitrogen content -0.190 -0.419 " -0.350 -0.073 -0.311 1.000
B 7 1 Phosphorus content 0.066 0.032 0.229 -0.381" -0.075 -0.030 1.000
Gy e )
TR VER) . 0.679 ** 0.763 ** 0.841"" -0.517*" 0.296 -0.270 0.391" 1.000
Soluble starch ratio
N/P . . . s «
-0.232 -0.403 " -0.440 0.122 -0.252 0.867 -0.517 -0.442 1.000

Nitrogen to phosphorus ratio

# P <0.05, MR ; « + P <0.01, FIZEHAT B #
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i A R VR A R AAS S T 5 1) NSC 75 5, 17 L5 22 8 1) i Mt/ e A A A O s A — 38

I N P B KA R SE RNE R W T AR X RS A 1 03 ) R S DA A 25 2R G R A A
TR FEARRRY AR NP HEAE 15 AP IG TR ; 24 N/P R T 16, FIIHA K F
B FIBE TR MBRE 24 N/P H/NT 14, WA K FZZ R Fon R R, A, Bt 220 R N &
AN N/P LSRR BRI R R, B N/P HEAE SR AL /N T 14, KRB £ 22 A K REZEA TR R
il [N E 20 R P R AR LRI < M7 B AR R B ] RE A7 B HAE KRB 1 P SRR
Wi, R 22 N S i S a i JER S R M NSC B R AR E R ATRE T N & hn & {e gkt A
T NSC A H R R E , S 5TE S ESN N T BT RS SR NSC & NI i N 2 2t 241
il NSC LU R RN RSB, i rh T iE b JER AN NSC & A2 MR NSC J2Aa 4 2 A Rt Ak i
UG AEP R NSC N AP i S H ], 7EAR R B b e e T m A 9 A4 R R 3 5K F ONSC 7= H 5 N
P B LA OC R R, HRSE NSC 5 NP B ELBOC R AT LA T fif N P 7EAE P At 7% rh X NSC
oy S Eh A T AT R R B R L R R RN L S T SE RN L
E R A\ " R AR ke B PS Abnt 5 P # B ik Bl i (8, N 7 i a8 B i (IR, JE /N 3k Bl i KM, X &
57 N i 2 e e U o == A Sl = £ ] e 2 e 3 e 1 (L et byl | BT B2 2 oy 2 70 Sl e (=
MR BT R AR S X R B B R L0t 5 P v AR HE T T SRR I E R T A 5 T VE R/ P
FLfE S W BRI AR b a3 P & bl 4k 2 M AR L a3 J& i PARRNER B £ 240 P S S5Em &
A EA R, NSC/N HFE P6 Ab 5255 T P1 AL, SR AL i NSC % i 5 BR A e i 78 &2 | iF— 2D 15
A B A PR R B2 AR KRR

ZE LTIk | B B 24 A K TR A AL e R A AR S PR K AL B R B R R R Y i
N SR H NSC i, X R A R 22 AR K T REAS 2 BR Ml (HASEI SR ANAN A3 M 1 S [R) VA Ak [B] 2%
A AR LS R PR K AL B AR B i, A5 25 A AR TR LA AR BRAE AR TR AT R B 22 A AR 2
N HLER A GBI , B2 0 TR A PR SR A 1 [ i 2 A AN 44T
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