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Ecological stoichiometry characteristics of soil and plant of alfalfa with
different growing years on the Loess Plateau
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Abstract: To investigate the changes inw nutrients in soil-vegetation ecosystems, Medicago sativa at different ages (1, 10,
20, 30 years) was selected to analyze variations in the nutrient content and characteristics of eco-chemical stoichiometry. The
results showed that: 1) the content of soil organic carbon (SOC) and total nitrogen (TN) first increased and then decreased as
age increased, the vertical distribution of SOC and TN at a soil depth of 0200 cm was consistent at all alfalfa grasslands, and
the content of SOC and TN at a soil depth of 0-30 cm was higher than that at 30—200 cm. However, the content of soil total
phosphorus (TP) was stable throughout the soil layer. The ratios of soil C : N, C : P, and N : P showed similar dynamic
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patterns to soil carbon and nitrogen. 2) The content of C, N, and P in the leaf was similar to that in soil, with maximum

values observed at 10 years. The ratios of leaf C : N, C I P, and N : P first decreased and then increased. 3) There was no

significant correlation between the stoichiometry characteristics of the soil and plant (P > 0.05). These results indicate that

after 10 years, some management measures should be taken to improve the quality of soil and growth of alfalfa.

Keywords: organic carbon; soil nutrient; Medicago sativa; grassland; C : N; C . P; N [ P

Corresponding author: HAN Fengpeng E-mail: hanfp@ms.iswc.ac.cn

BT i X K R K b Ak ) R H A R
e, AR BN NS . KA EHE (Medicago
sativa) {E R EEYF 2 —, BT HT 5.
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SERRM R B, A FEIHR . WEUK
S A A IR Wl A X BT i L H kA, N R ik
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Table 1 Basic properties of test plots

AR s
. dE E R
& Longitude Latitude Slope Altitude/m
year/a
1 110°21'45.6" E 38°47'39.0"N  20° 11925
10 110°21'45.6" E 38°47'39.0"N  20° 11925
20 110°21'54.8" E 38°47'27.6"N  21° 1235.1
30 110°21'47.1" E 38°47'36.1"N  23° 1219.7
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M FFEIIER 3N ITmx 1 miETT,
KH TSR EE, BENUER S ASREE S, FIHER
7 cm ) 45 K4 0-200 cm AE. H AT 0-100 cm BL
10cm A—J)Z, 100-200 cm LA 20 cm N— =, #AT
SR RFE. LIRS EANT, SIBREDRRE
=Wy, KA EUE & R IERE S, 25l 0.25,
1 mm 3, HTFRSSENNE. RN, WY
RS B S — XL, BEANFE LA 0l i B AR T
mabd S AN E IR S~ 10 RAEK RIFHIHE 75,
SR B 5 PR L U A R AL 1 B I e, AR E PR
T RS EEEN A AR, AR SRR = A 65 C
TR RS AT Cy NG P E RN

T IEAAE YA ML C & E KA Hy,S0,4-KCr0;
oAb m#HaE N e HIEAEY A N 2R
I RERENE: LA P & ERHAANE
AP ER P L BRI E . P4 P& &K H HySO,-
H,O, W, HUAH B ety sz P
1.3 HiEAIE

AW HIESEY C. N PHERH TR
R L, BT A S s A Origin 8.0 #E47 1E &,
F SPSS 22.0(SPSS Inc., Chicago, IL, USA) 7 #. [X £
J7 Z£ 43 #T (one-way ANOVA) LA & F¢ /N & 2 1 K 06
% (LSD), fa 36 1 A R 4B [A) - S8 FHE 4 C. N,
P& AHMAEIT R Z N ESR, JEXF A48

Z 182K FH| Pearson #H 5¢ R Evk 347 A O VE 40 H .
2 ZR55M0

21 TAREIMEFREEFEEMTIEC, N PHLE
TTE4FE

BF S0 XA [ PR 4 B 7 R IR L C & &
A Ak, St A 0.73~4.95 gkg |, FhAE 10 4F I 5
30 4E AR, FiRE 10 5 30 4F 2[R fE7E 55 3 1k 22
(P<0.05), {HFHE 1 520 FEHEFAEE (P>0.05).
2N B B & BRI 10 4 > 1 4~20 4 >
30 45, FiE 15 20 FF 2 AR E %R (P> 0.05),
10 530 FF 2 MfFE R EEZEZR (P<0.05). &P &
AR N 0.42~0.59 g-kg ', R 10 4ER R,
Fi i 20 4E I B A%, FhRE 10 4F 5 b 200 30 4FE]
PIFAE R EZ R (P <0.05)(K 2).

MRS, H3E C 0N AEA [F) R 4 BR 2 18]
MRk, HApRdE 10 5K, FiE 20 F5D,
FRAE 10 = FO AR 20 4F 2 8] 2 ¢ 2 35 (P < 0.05). +
BEC P 5 N:PEAFRFAET R A B2 R8N
LSD 43 & B, FAE 1. 10, 20 % 30 4E 6] 2 F A
3 (P>0.05), C:P{EFHE 10 4014 B & KMH,
N . P7ERHE 10 5 20 FH0L— .

22 AEIMEFEREFENR 0-200 cm 3% C.
N. PHIES %

AN [ b R A R A B R A AL C S

x2 FRIMEFREBERTIRC. N PLFEITTEHIE

Table 2 Stoichiometric characteristics of soil carbon, nitrogen, and phosphorus in different years

T4 PR ALK £ e WA T L L
Planting year/a Organic carbon/(g-kg ') TN/(g'kg ) TP/(g'kg ") C:N Cc:P N:P
1 1.52 £ 0.22ab 0.19+£0.02ab 0.50+£0.00b 7.89+0.45ab  3.08+0.45a  0.38+0.04a
10 1.86 + 0.30a 021+0.03a  0.52+0.0la 8.53+028a  3.66+0.59a  0.42+0.06a
20 1.41 +0.19ab 0.19£0.02ab  044+0.00c 7.30+027b  3.16+£0.40a  0.42+0.04a
30 1.13£0.12b 0.15+£0.01b  048+0.0lbc 7.70+0.33ab  239+027a  0.31=0.03a
“F¥11H Mean 1.48+£0.11 0.18 £0.01 0.48 £ 0.01 7.86+0.18 3.07£0.22 0.38 £0.02
i KAH Max. 4.95 0.48 0.59 11.06 9.52 0.94
i /ME Min. 0.73 0.11 0.42 5.21 1.31 0.19
F 472 4.54 12.67 2.28 2.51 2.48
B R CVI% 58.03 43.33 8.56 17.32 56.64 43.31

IR Z AN [ - B o= A (R FlRE £F JR (7] 22 7 (.2 (P < 0.05), K3,

Different lowercase letters within the same column indicate significant difference at the 0.05 level; TN, total nitrogen; TP, total phosphorus; similarly for

Table 3.
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ENGEFEEELPE0-30 cm, HHMK - ZHE
i v, LB A AR A PR AR 3G n 2 0 B =X RIS A
(Bl'1), £ 0-30cm E£)Z, LEE CEKIREIAN
FRAE 10 5 >1 4 ~20 4 > 30 . A FEFEER +
BAENTEZMHS LBEAN CEEZMNEHM
) o T B A 2 R FE S I, A (R A R[] - 458 4
P & BRSO D .

AN [P R 4 BR 3% C 0 N BE 2 VR B 3 n 78
— B YU B (B 1), EshTEE A 5.21~11.06.
HESWERMA, F—FHEFER0-10. 10-20. 20—
30 cm 5 H A & LR AR R E R (P<0.05), 30—
200 cm L Z LB ZF (P>0.05). C:P. N:P
HEEANLC. AN EBFLL, b ZRER
B hniZ# >, f£0-30cm -)E, LI C PRI
PP 10 4F > 1 HE~204F >304F; LIENIPR

—— f1i# 1 4E Planting for 1 year
—A— F1#20 4F Planting for 20 years
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TLAFPAE 10 4F > 20 4F~30 4F > 1 4F.

23 AEMEERERBMHHS C. N, PLEFHE
S

AEMEFRZHEET R C A ERAREE
(P <005)(FK3), MEIEMERE CHEHRMK
FIAE 10 o M N & & B BRI 10 4F >
30 >20 > 145, 205302 MILEEER
(P>0.05), H5 1. 10 FlAZEREZE (P<0.05). M)
P EVEE N 1.54~2.08 gkg |, FHAE 10 45 B 5
PR 1 IR, 10 5 1 /20 AR EER
(P <0.05), 1045 30 418 Jc B & % 5% (P> 0.05).

AN (5] Fofr 4 A R AE A S T R AE AN [
C o N [ i ke 4 B 1 38 i 22 B0 o B I 38 I i)
Fy m A C PRI 1AE >20 4 > 10 4F > 30 4F;
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Figure 1 Distribution of soil C, N,and P and C : N, C P, and N : P in alfalfa grasslands in different years
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Table 3 Stoichiometric characteristics of leaf carbon, nitrogen, and phosphorus in different years
FfrfE £E PR A BBk 2R X B EL /37324 AL
Planting year/a Organic carbon/(g-kgfl) TN/(g~kg7]) TP/(g~kgfl) C:N C:.P N:P
1 385.83 £0.62d 30.75 £ 0.64c 1.58 £ 0.04b 12.55+0.24a 244.41+£5.73a 19.47+0.08b
10 411.02£0.04a 38.73+0.07a 2.03+0.01a 10.61 £0.02b 202.37+1.23b 19.07 = 0.08b
20 39491 +0.21c 35.05+0.43b 1.70 = 0.06b 11.27+£0.13b  233.02+7.77a 20.68 + 0.45a
30 406.25+£0.13b 36.01 = 0.65b 2.02 £ 0.06a 11.28+0.20b 201.63+6.41b 17.86+0.25¢
FEIE Mean 399.50 +3.72 35.14+1.10 1.83+0.08 11434027 22036+7.44  19.27+0.39
I K AH Max. 411.05 38.80 2.08 12.79 250.14 21.13
Ix/MH Min. 385.21 30.11 1.54 10.59 195.09 17.61
F 1 146.41 43.01 22.54 22.75 13.88 19.32
A5t ZHCVI% 2.63 8.87 11.86 6.77 9.55 5.76

MR NP AEGTE Bl o 17.61~21.13, RIN
20 4E > 1 4E > 10 4E > 30 4E.
24 TESHEYMHHAC. N PEEHRXMESH
+HECHEEN, HECIN, BHEC P, T
NP EZHIEMK (P<0.01)(FK4); LIENS L
C:P. LENIPHEZEIEMK P<001); 1
C:NELBECIPHEZEIEMX P<0.01); i
C:PHEHENIPHEZHEMEIP<0.01); A
CH5M A N, PHEFIEMK P<001); 5M K
C:N. C:PHEZFMMER (P<001); HHAENE
HF P AR R IEAC (P <0.01), H5MF C:INAK
wEMMK P<001); HHPEHFCIN, CIP
W EAM*K P<001); HMFECINEHFC:P
BFEIEME (P<005); H#EC. N. PRESHY
H R Cy N. P& & B AHKM: (P> 0.05).

3 i

3.1 AEMHEFRIT LT C. N. PLFITESR
Al

WHLR W], REAKERKE M, HEPCHRE
SN E ARG S, R 10 SR R, R
W R R T A T 3 C 1 AR R A I I R AR,
H—EmnmE, BARRR. LEENGES -
AN CEERMBIME, HmBRK KN
10 4F> 1 £ ~20 4F > 30 4. WIFLRY], LIEHHE
XF A BB B4 N & IR 52 T 52 R R 4F R K

ME R BCR, B EfHEMEFEREK, X h5EF
ML B4 N & B 3R il o] 2, (H X R IE 208 R
BikF — R MEERE A S, xEaTY
i AR KA A RE 1Mk, HAEKKEREHBEFEK
B LERS, BEEEERKRFERPERKMAEK
REMIAT, BERTERRKEMRBEE, B
Dhae o, ek A M & R e B g, [
BEAR R P2 R — S H WL WA R &R, AT
s ch g ML, (B R KRR B
K, FNEKERTK, EEHEAEKEE, #
mERAR, AN LM EDRD, BART -
WM R AN AN C M4 N & RHE
T E R I PR AR, 7E 0-30 em KJE LI
PLCHAENSEYST FELE, BAFHEHR
WIS, X 50 N II0F 545 50—, g
WERBMABEK, RE AN C A4 N AL
TR A A S MR . Bk
& J S ME AR P, A KRR RIS,
FAKERT K, L EHE X TR IEHIE &R
R, #3040 cm HEFEFELERN L
ZRANVERE, MEEREFEKTE, &
THAE— W B, (E15H YR 5 iE 3R
B, B R ERERER RN,

BT P&—MUTBRMET Y, 7ELEP s
AR, DR 4 P AE SR AS 2 i) of 4y AR B e B 5,
KRR RFFE X — M, L4 PR L)Z IR
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F4 TESEYMHE C. N, PEERNHEXMESH
Table 4 Correlation analysis of soil and plant leaves for C, N, P contents
44 Soil %) Plant
HUH Item BH A% AR REI B Jsitt AAUR AE 2B BE it &BEt
oc TN TP C:N C:P N:P OC TN TP C:N C:P N:P
AL OC 100 0957 002 0597 099" 092" 013 017 010 -009 0.14 033
AR TN 100 —008 -034 096 098 024 031 024 —020 009 039
ti  EWETP 100 026 —0.11 —024 022 012 022 —-0.05 —0.13 —0.17
Soil B CIN 100 056 029 032 —040 —040 034 026 001
AL C 1 P 100 095 008 014 005 —006 022 043
EWELLN P 1.00 0.18 029 020 —0.18 0.16 048
HHLEK OC 1.00 0947 095 -089" 094" _052
2% TN 1.00 086 —096 —083 _0.25
Wy W TP 100 —0.75 ~089" _0.59
Plant  meatb C @ N 100 081" 0.16
mEwEtL C 1 P 100 071
WL N : P 1.00

" RTFREMEEP<0.05), T FEMEEEIEP <0.01).

“and " indicate significant correlations at 0.05 and 0.01 levels, respectively. OC, organic carbon; TP, total phosphorus; TN, total nitrogen.

BTG AR, A (AR AR T A AL C ATA N,
ERFAFERRE] A P AAEER. SRERFAWT
P : 1) T NAPAA/EA T EER, EfE
AKZBIOEZENWAB FTHSHT PEE
Z o 2) HTE R AWK R A AL P FITEHL P B AL
NEMP S E K, ERT P B
AR —F KRBT PEIED™, %5 Rl 4R R i 1
. AP R EETHERMBERYY, wER
KNSR B T ARG, A P A R,
T 5 646 R 25 4 A P 6 S ) A K R RO 2 18 1 7
FrE K EIER SRR RE, SAEKER
BN EEEW L IELEPRERPEEER AR
F(P>0.05), XFERTRS LA, HER
T SR ARE IR ) A0 SR 3 o2 A 9B,
THECINKM Y C. NZEKFHEXR, &
A ML RN R R R R — A AR R,
C:INZFES6~113 0, RIFFHN M 1L, FEBEH
WM AR C, X —HEEERT 1138, &
AN AL T 0 o RS, REAVLN AT
PP R A R, AFEAER C LN T
11.3, RUAHE T X A+ 3G PSR 0 4k 53 fift Ik,

X 5 3 i U o R b R RS R
C I N [IBFIE 45 FARML . (0473 25 = 5 % R [ i
L R SR 5 1 5 38 A 2 v R AL 1 W 5 4
REE, BECINHET 113, XEHTARKX
S A 2 R R . T R AR B
HEC N BB LR R BN A B B L, R
SEPH A L CORIN [ 3 B4 B — 80Pk, Tian
s gE s A LB C I NP IR AR, B
C. NEEAEAWEMZSRASRME, HC:NMEXS
Fa, ARG RIE T X —¥ME, KRBT C. N
B R EE R PE RSy, 3 (KR B AT S 72 % 5 A
%, HfEsaet.

45 C 1 PR RMCEYT IR B TR K
P 5 M FR 8 o W i [ R P i — A AR AR,
& C 2 P AR T2t L3 A 2P N, TfiC: P
fi WU 2 5 B A W 7E 4 R A LR I i A o 32 3
PR, (13 S RMEER LIRLHLP ES,
FITF A KT, 2 C 1P <200 K2 B+ %
T BB A T B R BB V84, 24 C P>
200 I AR BB KR BN, A A0 5 4 3 o fg ke
OB, LA BB R AR X L
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HECIP AR L /NT 200, XEWHIZX EHEPK
FU AR, MR S A DTS R 2 PRR il
MRl RE RN, L PRI B s A Rk . A
[ AR R 7 i 3% C L PRI 10 4F (3.66) > 20
& (3.16) > 1 4 (3.08) > 30 4F (2.39). XKW, BiH
T AE AR K S ) AR e n K - AP
Fio FANATESE T LN P IE K AMEICH 10 fF A
20 > 14 >304, MTHEENCRHEY 2 —RE
AT AE Y E EAE R, BEEAEKFERME M, £
—EEKE A, HEFANSERN, mEEP K
RRECE—, HAE Ly sy, Fik 10 4F
AEEEM NP R,
32 ARIMEFERSEMMH C. N PHEFET
= RS

Y R TC R RHE S B 5 45 1R R AR KT R
AHEYIRFZR, BFEFHEFERAIG M, &M A Co N,
P & EAEA R AE KA M 2 R B K, BTE104F
BERKME. XATRE R B T EEERYIN, EK
O ARGRGE, R AR R R N, kA E &R
B, E SRR R AR T A AR RN, @
10 4F 2 J5 B 18 AR K OE W N 2O, oy AR
AW, FED &S . EEERKTEENZE
5T e T BON F B A AR BRI, WnTE
R R IR AR X, AN [R] B J) RBE o A i A AL C
£ I ol R A B i S R B, (H B A
B, WAANETERHERMENELLELEE
ALk, T4 P A BB R B RS R,
3% 5 18 4 R AR K AR PR AR R PR
REAMME RS R Hik RS 5
) O R P B R A R A 38 0 2k
THEBEMEA . RZHARN, GEEKFERS
SHEBETAFES TSRS AE - ENEmW, XEHRT
AN TEHIF T X R R f i B A B K 1R B
Y2 & ™, S E R AE KA RN,
358 5% 43 1 A R AR A 0F b 39 R A 1Y R SR B A
E—EMER.

I F C DN TP Ak 2 TE & L BE R A R AR 1L
SUHEAFRBE. HHFALIM, A C I NBEFR
WnEEELN, HECIPZEAYHENNC. &P

SRR BRI ™, ARMX,
EAE I N L P BE AR RS 3 n 5 2 BRI S B N i &
SRR R E RS C DNy C D Py N : P BEF
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