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Carbon, nitrogen and phosphorus stoichiometry in leaves and fine roots of desert

plants in arid region of Northwest China
CHEN Yiming, SHAN Lishan®, MA Jing, WANG Hongyong, XIE Tingting, YANG Jie, MA Li

College of Forestry, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Leaves and fine roots play a crucial role as vegetative organs in both the aboveground and underground parts of
plants. The stoichiometric characteristics of carbon (C), nitrogen (N), and phosphorus (P) in these organs reflect the
strategies of nutrient adaptation and the balance of elements. In this study, we examined the C, N, and P content as well as
the C:N, C:P, and N:P ratios in leaves and fine roots of 21 desert plants in arid region of Northwest China. The plant
species were categorized into three life forms: shrubs, forbs, and grasses. We investigated the correlation and differences in
C, N, and P contents and their ratios between leaves and fine roots, as well as among the three life forms. Our findings
revealed the following: 1) The C content of leaves and fine roots in desert plants of the northwest arid region remained

relatively stable, while the N and P contents of leaves were higher compared to fine roots. This suggests that in arid
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habitats, plants allocate nutrients to their aboveground parts to carry out essential life activities. Moreover, there was no
significant difference in N : P between leaves and fine roots, indicating a consistent nutrient absorption strategy and
distribution pattern between the above-ground and underground parts of plants. 2) The significant differences were observed
in the content of C, N, and P, as well as in the ratios of C:N and C:P, among the leaves and fine roots of various life
forms. Shrubs and grasses exhibited higher C:N and C:P ratios, suggesting their inclination towards conservative nutrient
adaptation strategies. On the other hand, forbs displayed higher N and P content, indicating their preference for fast-growing
resource competition strategies. 3) The study revealed a noteworthy positive correlation between the N and P contents in
both leaves and fine roots of 21 desert plants. This finding suggests the presence of an interaction between N and P elements
in desert plants within the arid region of Northwest China. 4) The C, N, P contents and C:N, C:P ratios between leaves
and fine roots exhibited an isometric growth relationship. This suggests that the allocation of plant photosynthetic products
and nutrients between aboveground and underground parts is proportionate. However, it is important to note that this
relationship is influenced by the life forms of the plants. The results above indicate that plants in arid region of Northwest
China have different nutrient adaptation strategies depending on their life forms. These strategies have a synergistic effect
between leaves and fine roots, providing an experimental basis for further understanding the nutrient utilization strategies of

desert plants in this region.

Key Words: ecological stoichiometry; leaves; fine roots; life form; arid region of northwest China; desert plants
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1.1 BRI

AT A ZR ) Y EIR T AR R SR AR R 4 DS AE R 2 0 A VR I X, e, AR
AL TR P A AR AR 0, Ja Ut R itk T 5 e, M Al A A B Sk B (Sympegma regelii) J B 3% (Salsola
collina) fEILHHT ( Vincetoxicum mongolicum) 3, 34 %t ( Neotrinia splendens) 4| ( Nitraria tangutorum) 2Bk 4%
( Caroxylon passerinum) LIV ( Reaumuria songarica) , T YIS VIS + 5 EBUR BT o 3 RS T
TP E JER AR B, JE R R Bl e AR, s MR R 8 R K W ( Anabasis brevifolia ) | £8 )N ( Kalidium
foliatum)) AR BERGE LL00 , T IERAYLAVR BT A FURFFFEBE Ay 32 5 SR T AL T3 P4 8 B v 8, Jas R it e
TR RS A M PR 8 A 25 5P ( Heteropogon contortus) S FE 5L ( Setaria viridis) |18 J8 5 ( Eragrostis pilosa) B%
¥ (Suaeda glauca) ZERSE PR LLHD , T38RI LUK A AR BEID 8 3 5 109 55 17 A2 T 94 8 Jog v o
H, JE KB E TR, oy PEAL 9 A 5856 K (Asterothamnus alyssoides ) 5 WK 8% ( Ephedra intermedia) 22 ER4¢ |
ZLRD, IR DURFFSE R - SR o, Al X RS 2R 1,

F1 REXHER
Table 1 General situation of test area

EMRRKE EERL R AR

. BT T YR ,
SRAE S - $E A RRelirc Annual Annual Annual MR A
. Longitude Frost-free Average .

Sites . . K average average average Habitat type
and Latitude period/d altitude/m . . .
precipitation/mm evaporation/mm temperature/ °C
4R 36°52'N,103°42'E 141 1947 225 1550 9.0 Tie Y R
9 37°63'N,102°58'E 150 1775 165 2205 7.8 TR FE Y5
i3 39°18'N,100°21'E 176 1590 131 2003 6.0 R SE 7
IR 39°46'N,98°23'F, 145 1500 86 2038 7.5 R i e
1.2 Bk

15 4 AWFFE I BGESE T30 0 2 A KETE 3 TR S AR O/ X, IR XN 3 3 1> 50 mx50 m
B IAE 1, SR I A B IS R 1l 1) D A 557 A e O A 0 S B 10 mx 10 me B /INEE |l R AT RE 7 2 1A
A LR T AFIEAR R B LR AR ARk i BRI 5 B RO PR R AR R IR L B 1% <AHX
ZJE <S5 %W RIE SR UL R AEB] 21 A UURD 43 JE 8 BE 19 JE . K 21 AN DR i A x4 iR
PEA 0 BRI S HEAR (7 ) SR (10 B ) FIAREL (4 Bl |, Bir i He 9153531 33.33% ,47.62% Al 19.05%
HAFERABERSE HTUR Gk BRI 5568 A 8 T (Zygophyllum xanthoxylum) FIH FRET , 23 HA
H 254 5 ( Halogeton arachnoideus) JE B3R % 25 VKZE ( Grubovia dasyphylla) 13 (Artemisia frigida) VP
& (Artemisia desertorum) | XKEESEEGHE( Zygophyllum gobicum) | ¥5 B 3K 5L ¥ (Arnebia guttata) HEICFH AT A5
4k (Allium mongolicum) ) , R A W] JH B W ) B IS 7 5L

TE 2020 4F 7—9 H SEATHYIRE SRR , B — W) BEALIESE 5—10 BREKH R4 A7 HU T 1Y AR A R
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4 B
M Microsoft Excel 2019 XFEUEHEATHIL (IR B B JLUk, R SPSS 26.0 B4 4 Bl i A 156 1
I3 BT AR 2 5 225307 (One~Way ANOVA ) B & AN [F) A= 16 BUAE Y S5 40AR C N P & & e H {22 57
MR EYE, RH] Pearson AHIC/ T 20wl g it i 540 € (N P & & DLH U E A GG R
ARG BRI R S AR C N (P AsE i i 56 F 0 AT DR ] Sl A K7 y =B HEAT A, 5
X7 R P[] O, B4R 1g (y) = 1g(B) +alg(x) o Horb x Hly 230530 A AN N AS &t 5 B 0 Sl 4K
RIRAMESC R AR, B A E TR IE L o o Sl 8, BRZRMEOC R IR, EZADRRAE IR IR 2 16
EENFHAERKR, Ya=1 0 5y BHFHRERLER, M o>l Ba<l B ,v 5y BRBERLER™, Rl
SRS S R RO B R T bR 4L 323023 T ( Standardized major axis estimation, SMA ) J5 ¥ | ] SMATR
(V. 2. 0) b4 155, BRI Origin Pro2022 52 8, B FREUE Y A 5 (E e brifEiR 22
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2.1 21 YN SR C NP Ak R RRE

PUALT 5 IX 21 PSR BAE Y 7 C NP & AR 46 a3 514 303.8—462.0 mg/g 14.2—28.2 mg/g
1.1—2.6 mg/g, 4R C N P &AL Bl 4 531 8 367.5— 486.9 mg/g.7.5—14.0 mg/g.0.6—1.1 mg/g, H
O CERSHIR C SRZBLEFELER(P > 0.05), MR N P SEA MK 172, BEETH A
(P<0.001) (Kl 1), 70513 FRE T 49.40%F1 48.54% ,

21 P A C:N FI C:P B T40H (P<0.001) , Hdmt 5 C:N H1 C:P 43514 20.17+0.91 .
249.43+12.09 404 C:N F1 C:P 354 41.20+1.64 ,499.08+20.90, ZHHE C:N F1 C:P 435 He M H i 2% 5 i
104.26%#1 100.09% , M Fr FI4HHE N:P 43510 12.34+0.16 . 12.11+0.12, H 3 Z [ 3F I I 3 22 7 (P>0.05)
(E1),
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Mt SRR A C & RE7E 3 AR IR 22 (Rl A9 A8 fR 00 G 30 i1 25 5, BRRBNEAR 5RE MM C &= i
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Fig.1 Carbon (C), nitrogen (N) and phosphorus (P) stoichiometry in leaves and fine roots of plants in arid region of northwest China
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Fig.2 Carbon (C), nitrogen (N) and phosphorus (P) stoichiometry in leaves and fine roots of different life forms
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Fig.3 Correlation of carbon ( C), nitrogen (N) and phosphorus (P) concentrations in leaf and fine root in arid region of northwest China
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Table 2 SMA analysis of C, N and P stoichiometry between leaves and fine roots of different life forms of plants

A E k=1 EEES 95% A X [1) U o
Life forms Index (y-x) Slope 95% Confidence interval Intercept
H#EAK Shrub L.-R¢ 1.6020 1.0470, 2.4500 -1.5700 0.855"*
Ly—Ry 1.1882 0.8098, 1.7433 -0.5371 0.883 "
Ly—Rp 1.2811 1.0109, 1.6234 -1.7426 0.957 "~
Ly—Ren —-1.1284 -1.6798, -0.7579 3.1051 0.874 "
Ly—Rep -1.2476 -1.7453, -0.8918 4.3455 0.911"*
Lp-Rp 1.1709 0.7209, 1.9017 -0.3125 0.808 **
Lp—Re/n -1.0313 -2.0418, -0.5209 1.8453 0.589 "
Lp-Rep -1.1403 -2.0442, -0.6361 2.9526 0.712"
Len—Rex 1.2052 0.8798, 1.6510 0.0340 0.923**
Lon—Rep 1.3326 1.0831, 1.6395 0.94991 0.967 ***
Lep—Rep 1.2314 0.7271, 2.0857 -0.2685 0.770 **
HJSE Forb Lc-Re 0.6088 0.3833, 0.9671 1.0390 0.654"*
L.-Ry 1.4741 0.8378,2.5938 -2.7630 0.466 *
Lc.—Rp 1.5889 0.8895,2.8380 -4.1440 0.434*
Ly-Ry 0.9756 0.8420,1.1304 -0.2681 0.967 ***
Ly—Rp 1.0515 0.8235,1.3427 -1.4542 0.908 ***
Ly—Ren -0.8212 -1.2619, -0.5344 2.6734 0.705 "
Ly-Rep -0.8949 -1.4078, -0.5689 3.8564 0.669 **
Ly,-Rp 0.8345 0.6397, 1.0885 -0.2555 0.891 "~
Ly—Ren -0.6517 -1.0270, -0.4136 1.7372 0.667 **
Lp—Rep -0.7102 -1.1168, -0.4516 2.8362 0.670 "
Lexn—Ren 1.2806 0.8793, 1.8651 -0.0185 0.777**
Lexn—Rep 1.3955 0.9222, 2.1116 0.9230 0.727 "
Lep—Rep 0.9803 0.6329, 1.5185 0.3723 0.693 "
REL Grass Lp-Rp 0.7592 0.3807, 1.5141 -0.2601 0.940 "
21 Fhit#) Lc—Re 0.7450 0.5418, 1.0245 0.6805 0.545 "~
21 Species of plants  Ly—Ry 1.0238 0.9064, 1.1565 -0.3276 0.935 ***
Ly-Rp 1.0633 0.9422, 1.1999 -1.4618 0.936 "~
Ly-Ren -0.9364 -1.1316, -0.7749 2.8367 0.843 "~
Ly-Rep -0.9841 -1.1950, -0.8098 3.9819 0.833 "~
Ly-Rp 0.9395 0.7990, 1.1046 -0.2750 0.885 """
Lp—Re/n -0.8274 -1.0500, -0.6519 1.7915 0.749 "~
Ly—Rep -0.8695 -1.0895, -0.6940 2.8834 0.776 ***
Len—Rex 0.9210 0.7757, 1.0934 0.4141 0.871 """
Len—Rep 0.9679 0.8003, 1.1705 1.4358 0.841 """
Lep—Rep 0.8697 0.7050, 1.0721 0.6147 0.807 "~

# P<0.05, ## P<0.01, ##% P<0.001; L. M A Leaf, R: 4148 Fine root

3 it

3.1 MRS C NP ALt R
C NP VD AE 25 0T A B S b 75 1O R AT R, A A TR BE RS S ARy 08 57 20 1) WA AL SR e B
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SYBCRLEE Y ARRFI R I R AR ¢ FEZRICE E 2SS AR N P SR NP SR 12,
TR E 2SS X5 TR ERRID VD H A B 78 25 S — S5, U W7 P b T 52 X A 4 % 35 40 9 43 i T
I E 4 L3R 43, 7E T R M B S A A NP S, DASE R H R A sh Y (R R
VKDY 5 E RS RIS A B H S AIR P S A AN 11, B T AR ST A A5 R X nT R R T
P IR AN R 5 4R Z 18] 1% 43 B 32 AR BE s

TGy B AR I R C AR 438 mg/g Y ABRREAAE Y AR T3 C B R 447 me/g T
XSAMR T EY R SR C S AR, LAY T S5 40R C & B R RE LAARExT R,
fili A=A R S AR N A 40518 20.20 mg/g Y A1 9.2 mg/gt ! ARSI ARSI A S AR A N SR
T A A R S AR N i (H B BAR T RR IO VD M AR 2 i 3R B AL 5 T BRI A A
MR S AR N A, BERREY T A S AR N B BT RERE LR A T ke ) L ARwEgE shRa i R
SR P & E TABRMYIM F S P & (1.10 mg/g.0.85 mg/g) 7 AR T RE R U0 Vb ke i
A5 AR P & (2.10 mg/g 1.13 mg/g) ) X ] BB i T 3 P & AR I IX 1) T 5 2T R
X 3% Wi s,

C:N M1 C:P A LA WA A (%) A R 5, A RE R AR R 1 2B Kl B2 S5 R4 N P A R 2803 1 4 6
PE,C:N 5 C:P M, UE IR 3240 A MRt i ) ARG TR PRI R X 21 RSB Y
C:N . C:P B ELT AR (P<0.001) (1), UhBHIZ X e B Y7 A 4 G AR rh AR A it v B v 19 52 93 A%
R MEEREERYIH A C:N 5 C:P SFEHES N 22.5 232190 LERERAAY AR C:N 5 C:P SEEI{E S5
K 65.8.,1415"7 ARFIGSHAEYIM B S5 40R C:N 5 C:P SF3H I BAK T 2 BoF B /K7 I P R X
FEIXF IR 53 R AR T 2R 37K - MM A N:P AR #AF 0 RIS /KR g4l D s s 57
PRI 4845 , NP /N 14 385 Fon A K5z N R N:P KT 16 MZR/R3Z P R, N:P £ 14—16 Z[H]AT,
Z NP WCEEBREN T AT A R SR A NP BT 14, RIAPGIL T R KRR A K L
32 N AR 3 5 v s 26 B b X R B 5 % N R BRI 5T 25 SR 26 1) A AR ST A i A 5 4
NP ZEIJCEE 2R (P =0.258) ([ 1), A PEIL T 52 XALY 3505 3R 35850 37 43 B9 Wk ms 543
e AR EAT — M | 3K 0] BB S AR A 37 43 18 2 1 T 5 A 35 v b PR S 119 57 43 MR AR FH 3R W R 245 1 8 1) A=
TG sh A L,

3.2 N[ AR I BURE )N SR 3 WSOR ) 2 57 LR

ARl A TE AR B AR G S RS SR LS A FRML ] S A R T 25 5, SR E T AR S R G )
RERZIR R UR A FHACR S AR R 22 5 i e X 68 FhILAUA Wit A Ak ~4 1 R AE AR 98 R R
B, C S RBUONEA T S, FARRAG, RGN P S R AR & FTIARAL, AR T & e E M1k
SR RPN T AR 5, FA AR, HEAE h 1 ARG R Je2e . R 3 Bl AR i R 22 A R A
MK C N P C:N . C:P fFE R E# 5 (P<0.05) (& 2) , FERHALE PG LT 5 DX A B A6 i) T {1 B 5% 03 7 3
W, 4 2 A i) PR K Y B VR S SR

ARG A AEE Y C S RICNEAR 5RE R TR IR C FaRINER KT L2
R 5 RS R IT A R —E, T AR RN HE AR R RO TSR C AHAFBE T 5 MAS [R] A= 76 AU 4y
RS4RI N P & R0 2428 8 g 38 = FRE AR PR HE (P< 0.05) (K] 2) , B 24 28 5 5L A T8 (1 57 43 WL
WO R AE 7, M0 i) TP A= K A B R T 4 SR s S TR A TG R i FAIAR A9 C:N 5 C:P 343 BA AR B e
AR IR B 5 R LA O 1 04 95 43 R R AR A i) (4 5 TR 37 40365 I SR e, 5 77 R e 46 ) o o
FELE RS BUAN , AW B S AR NP AEAS [ AR 36 BUAE P 22 (B) 6 0 3 22 5, SRMRIO U M JIr 75 1 A 245
WA, X RESE 2 AR NP R R 532 4%, — 7 HH T 3 b Al ) A8 KRt VR
FEICR MR EE | 53—y 1T, FE4)Fh 22 (6] R 3740 S 58 = %) b DX EC i g 3ok B TR [

3.3 M 540R0E ¢ N P & RibEi R e &R
YL C N P it LA 2R T b2 B A7 8 A AH DG 1 3 iR DG 14 B e T AR 0 1k PN 8 5% 0T
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ZEINERFR G HLH X — SAEARDEGE PR S TIES:, Hoh I T R XA v 540 N P &R
PR 35 1 IE A DG OE R (P<0.01) (B 3) , RUIEPIEATFALIN N P TR EI AR & 1E . AT
FOPZRHEFNF C & RS N P &R Z AR B B IEAC K ER (P<0.05) (1 3) | 2285 A LI KR F4
W CHES NP FEZEIMEER, BEARFARFNI A C &85 N P & EZ M AFFEMCRR, XU
BRI VA N 7 37 0 3R () RS 5 AL R RE XA ) A ORI A= 16 LB TR T A7 2 5%

I 55 AR S AR (A 0 43 0 R R A B VR BRI B8 B, BT R SR AE B BB R Y Aok
SEPY RS R MUY S ANAR A N P i B W R AR D, T SR A OGRS . A ST
PEALT5AX 21 FhSEBAR ) S AR B Y C NP &3 Je C:N LGP 33 R B 38 B IEAH R R R (P<
0.001) (£ 2) , iIXFRIMWTESE IE R 1A A iE S, o B3R0S40 F 520 iR 0 0 BCAFZE D R) DG 2, AR T X
Tl I RIS ) A 3 B AR 2 [R) 3R B — E WY 26 5% AR R It S5 4R A1 50 P& A7 7 10 35 i IE A
KRKFR(P<0.05) (£ 2) , HABATRARII AT ALK SC R, X Al BE AP AL 20 5 <o | 357
G DCAEARE I R RGEAL AR LW B AR I 22 5 R S I REREI] 22 5 SRR I R A IR X
FWIAR [ R 16 B A TE 25 A 35 i R IR A A7 3w

I 13803 55 1 T AR S AR IR 2 [ AR AAAE— 5 (Y S AR KOG R > TR R Ao 3 FR T R 1
e A3EC A AR AR, BT Z 1] 4 57 AR KOG 2 T LA AT ) A A 78 3R e R AR BRI
HEAR ZRZEHOM T RIAIAR C & B Z A B3 1l A KOG R (3R 2) R AR 0 57 3 IEWIAS (R A
B RN TR AR T BRI C ROREAFRE I AF e 22 550 0 R I N 35 b5 AR A P2 B A7 7 35 Y S
HAEROCR BRI i N 5 5 5 AR A P& B 2 (A S AU KOG R B 2R Rt N S i 54040 P
B i 22 (8] AT BESR A EIMR R T R B A R 2 RN T R DDA DG I NP B 1 T 3 4 R AR A
AN A WG B BAFAE 22 57, XA O R SR AR SR 22 S 6

4 it

ARBFFERW], PYIL T R IR T A SR C S A RS E i N P & i B TR, WA T 5
UR2 830 R i< K7/ D0 3 1 T 11 E M w157 B R S T8 Sei=t0 S N = S B s D e e e INTO L
AR NP LR35 22 5, BA W A PR <TE  3 i AR 5 ULy m] i RO 2R 19 D0 3R 5 T i LA A
2258, BRI AN R AL TG B AR X SR 00 R T N SR A7 AR 22 5 21 MR R S AR N P 50 2 TR] SR B H A
FIEASC AR UL AN N (P SCR BAFFE A EAE 21 Ry A S AR E i) C N P i K& C:N
C:PAFTE R 3 A AE KOG R X W A e A I e HA B AR | HLIR 20 20 IO, 76 Ml 1 55 3 3077
TE—EPE,
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