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Abstract: The ecological stoichiometric characteristics of soil aggregates present many interesting structural features linked
to soil nutrient evaluation. However, the relationship between the ecological stoichiometry of soil aggregates and the soil
nutrients is unclear. In this paper, we review the various aspects of ecological stoichiometric properties of soil aggregates,
including those associated with the response of soil chemical parameters and soil structural features to environmental

variations as well as the aspects related to the evolution of the forest age. Soil samples were selected among the soil profiles
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from Robinia pseudoacacia forests less than 20, 25, 40, and 50 years old in the Ansai County on the Loess Plateau (located
in Shaanxi Province, China). By combining the soil chemical parameters in 0—20 ¢m and 20—40 cm soil layers, including
soil organic carbon (C), total nitrogen (N), and total phosphorus (P), we aimed to determine the relationship of the
ecological stoichiometric characteristics of soil aggregates and the soil nutrient content through stepwise multiple regression
analysis. The results showed that the stoichiometric properties were limited by N content in soil aggregates from all stand
ages of Robinia pseudoacacia forests. The C and N contents in soil aggregates and the C, N, and P stoichiometric ratios
increased with increasing forest age. The C content ranged from 0.92 g/kg to 5.98 g/kg; the N content ranged from 0.15 g/
kg to 0.48 g/kg; and the C/N, C/P, and N/P (C, N, and P stoichiometric ratios) ranged from 5.84 to 12.42, 1.91 to 12.
00, and 0.33 to 0.97, respectively, in Robinia pseudoacacia forest stands of different ages. The C and N contents in soil
aggregates and their C, N, P stoichiometric ratios in the 0—20 cm soil layer were higher than those in the 20—40 cm soil
layer. However, the content of P did not vary significantly in both soil layers, ranging from 0.47 g/kg to 0.55 g/kg in soils
from the forests with different age. The highest C, N, and P contents and corresponding stoichiometric ratios in soil
aggregates of the two soil layers were found in aggregate particles with sizes ranging from 0.25 mm to 2 mm; the aggregates
within this size range had a significant effect on soil C, N, and P contents and their stoichiometric ratios. In summary, the
total nutrient contents in soil aggregates from Robinia pseudoacacia forest and their balance was significantly affected by the
age of forest stands in the loess hilly regions, and it was mainly reflected in the aggregate particles that were 0.25—2 mm in
size. Thus, Robinia pseudoacacia forest improved the capacity of soil nutrient conservation and supply by affecting the total

nutrient contents of these aggregate particles and their balance.

Key Words: soil water-stable aggregate; Robinia pseudoacacia forest; ecological stoichiometry characteristics
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Fig.1 Map of research region ( Ansai County, Shaanxi Province of China)
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Table 1 General status of sampling plots
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height
36°51'38.598"N, )
20 a 109°2170.549"F dt w74 40 3 28 1291 90 5.25 7.24 580.15
36°5224.028"N,
25 a 109°20°55. 119°E e w74 40 T 32 1236 90 5.64 9.02 796.13
36°52'14.605"N,
40 a 109°20'55. 270" el 4 45 i 30 1253 90 6.36 13.34 585.74
36°51'29.082"N
50 a ’ Fefm %R 40 rhgg 35 1232 90 7.46 18.58 563.00
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3 2250 (LSD ) 047 25 5 B E A 50 5 3l 3 326 25 [ A 43 B A ] U 3R BOR Al R 25 I 5 A (0 A DG AR B, [RI 3R
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(P<0.05) , 20—40 cm 1 J2 AR T3 RAKAG HLAK & B L R 50 a BEHE KT 40 225 a BEKRT
20 a,25 a 140 a &Rif2 HIEA RIAG DR S TR E X,

R2 TRMEREKDREREL R

Table 2 Basic physical and chemical properties of tasted soils for different-aged Robinia pseudoacacia plantations

= 4 A o AE O SILEE/ %
Soilj:la%er/ Zki% 7%}% Tojl%\l / TOZ%E / cﬁ%ﬁ:{ EOS Cﬁf}?iiis Ni@fﬁos Bulkﬁdensity/ E‘LTFiiI pH
cm (g/kg) (g/kg) (g/kg) (g/em?) porosity
0—20 20 a 2.09+£0.03  0.26+0.00  0.49+0.01  8.04£0.33  4.27+0.08  0.53+0.02  1.2320.20  53.58+6.64 8.49+0.14
25 a 3.14£0.03  0.37£0.00  0.51+0.00  8.49+0.25  6.16+0.11  0.73£0.04  1.20+0.03  54.72+2.35 8.73+0.11
40 a 3.57+0.04  0.41£0.04  0.52+0.01  8.71+0.08  6.87+0.07  0.79+0.03  1.12+0.07  57.74+0.40 8.50+0.18
50 a 4.66£0.02  0.44+0.01  0.52+0.01  10.59+0.31  8.96+0.06  0.85+0.01  1.09+0.13  58.87+3.63 8.41+0.25
20—40 20 a 1.30£0.05  0.18+0.01  0.49£0.02  7.22+0.50  2.65+0.10 ~ 0.37£0.01  1.31+0.29  50.57+9.65 8.51+0.12
25 a 1.93£0.06  0.23+0.01  0.50+0.01  8.39+0.23  3.86+0.18  0.46+0.02  1.35£0.05  49.06+2.40 8.77+0.17
40 a 2.02£0.10  0.24£0.01  0.50+0.01  8.42+0.31  4.04+0.18  0.48+0.09  1.30£0.10  50.94+8.70 8.53+0.11
50 a 3.25+0.09  0.31x£0.01  0.52+0.00 10.48+0.28  6.25+0.20  0.60+0.01 ~ 1.24+0.11  53.21+3.08 8.47+0.06
®3 AEWRE R EKIZEAREHORES 6
Table 3 Composition of soil water-stable aggregates for different-aged Robinia pseudoacacia plantations
+J2/em il S B AR AR 3 A/ 9o Soil aggregate contents
Soil layer Age >5 mm 2—5 mm 1—2 mm 0.5—1 mm 0.25—0.5 mm <0.25 mm
0—20 20 a 24.41+2.37 5.63+0.83 5.86+0.18 4.91+0.44 11.03+0.34 48.15+3.19
25 a 33.85+1.71 7.40+1.00 6.61+1.56 3.74+0.60 9.05+0.85 39.36+1.66
40 a 31.02£2.11 8.44+0.55 7.26+0.50 5.91+075 8.83+0.74 38.54+2.49
50 a 16.26+1.09 10.39+1.88 11.52+2.07 10.81+1.02 10.11+1.12 40.90+2.62
20—40 20 a 12.42+0.55 5.24+0.57 4.71+0.01 5.97+0.85 13.09+1.45 58.57+1.89
25 a 30.78+1.73 6.57+0.71 6.36+0.24 3.75+0.07 6.81+0.27 45.73+2.42
40 a 28.22+1.69 6.67+0.05 6.66+0.30 6.00+1.10 6.83+1.24 45.66+2.84
50 a 23.12x1.91 6.86+0.15 12.51+1.34 12.96+1.78 10.19+2.81 34.36+1.60

ASRIARIE FIAR AR 0—20 em Fl 20—40 cm + )2 HIEFHRIE 2R & BB FETE 0.15—0.48 ¢/kg Z (0] (A
3) ., ASAiAR A R IR 2R B AR EAE 0—20 em 2T N & BV AT KZ RN 50 a> 40 a> 25 a>20
a, 140 a F150 a ZHI[FRAEA RIKSA S RELREEZES . 20—40 cm HJZ KT 0.25 mm KRR R 1A
SRR S ARSI, B 50 a B KT 40 2,25 a WE KT 20 a,25 a F140 a Z[H] 5540
RHAREEAGELEEZES /DT 0.25 mm K2 RIK2R S 2N S EHERAT R 50 a>25 a>40 a>20 a,
W 4 Jr7R AN MRS AR PR 3 (A1 5 R 4l 5 AR (035 BT E 0.47—0.55 g/kg ZIH], #£ 0—20 cm )2
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Fig.2 Content of organic carbon in soil water-stable aggregates
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2.2 AN[EIBRKE AR 1 S P R R A A Ak 2 T R AR

% 4 FR A RIS IRARLE 0—20 em F1 20—40 em )2 5 HIEFRIAAH WK A AW RS
TR FE, AR RIS SR A + 35 A1 SR K C/N . C/P N/P AR 475 Bl 4 1) #E 5.84—12.42 1.91—12.00,0.33—0.
97, ¥R A 0—20 em +JZFH T 20—40 em )2,

0—20 em 12, FIBAK LI BRI C/N 16K T 2 mm R b BEE PRI B In 5 E  k p fas 7e /N T 2
mm B HP R E NI R 50 a>25 a>40 a>20 a, 7 20—40 em 2, KT 0.25 mm Fifd +IEH B4& ¢/
N 7£ 20 a &ML T 25 2,40 a .50 a, Hi$1 25 a 40 a .50 a Z A LB EMEZET /NF 0.25 mm kife HHEFRIK ¢/
N MKZN/NGIF A 50 a>40 a>25 a>20 a,

A TR A SRR AR ) 7 42 - 358 AT SR A& C/P il N/P 0 28 At 348 55 HOR BILAR Al & A0 AL, 7F 0—
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Fig.3 Content of total nitrogen in soil water-stable aggregates
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Fig.4 Content of total phosphorus in soil water-stable aggregates
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£ 0—20 em +)21,20 a BRT 2 mm K2 HIERIRA N/P 28T H A 177 25 2,40 a .50 a HokE
R RAE N/P Z 60 B2 5 HIER B N/P 7E 0.5—1 mm BARF/NT 0.25 mm KiA2d R EN/N I
J¥4 50 a>40 a>25 a>20 a, 20—40 cm )2 HIHEAIREK N/P B0 £ KT 0.25 mm Rifs i 48 R
1 N/P Bl RIS 38 i S48 K p a3, Hoh 25 a 40 a Z (A E B 5 TEZ S, /N T 0.25 mm RiAR AR N/P A
= B AITE A 50 a>25 a>40 a>20 a,

F4 THEKREARGENR 28 2RO LEITT BT

Table 4 Stoichiometric characteristics of organic carbon, total nitrogen, total phosphorus in soil water-stable aggregates

TiH +J2/em i T HEFRK Soil aggregates
Item Soil layer Age >5 mm 2—5 mm 1—2 mm 0.5—1 mm 0.25—0.5 mm <0.25 mm

WA 0—20 20 a 7.09£0.26Aa 7.74+0.19Aa 7.260.47Aa 7.8020.43Aa 8.44£0.27Aa 7.1420.33Aa
C/N ratios 25a 8.19£0.33ABab  9.56£0.23Bcd  9.92+0.10Cd  11.30£0.50BCe  8.68+0.37Abc 7.48+0.03Aa
40 a 8.82+0.21BCh  9.66+0.29Bbe  8.72+0.11Bb  10.2620.59Bc 8.65£0.52Ab 7.0240.43Aa

50 a 9.89+0.31Cab  9.9420.11Bab  10.58+0.34Ch  12.42+0.22Cc  10.76+0.29Bh 9.08+0.50Ba

20—40 20a 10.28+0.25Bc 7.5420.21Ab 9.91x0.19Ac 7.56£0.75Ab 8.00£0.50Ab 6.8420.34Aa

25a 9.41£0.63Ab 9.13:0.25BCh  10.5120.27Ac 9.97+0.40Bbc  9.9320.32Bbe 7.62+0.19Ba

40 a 9.58+0.58Aa 9.59+0.10Ca  10.35:0.15Aa 9.77+0.40Ba 9.97+0.06Ba 8.82£0.31Ca

50 a 10.110.66Bc 8.20£0.25ABa  10.02£0.52Abc  9.52+0.70Bb  11.0720.10Cd 9.55+0.43Db

Temk Lt 0—20 20a 4.030.65Aa 4.57+0.21Ab 4.73+0.14Ab 4.95+0.11Ab 3.790.09Aa 3.5220.12Aa
C/P ratios 25a 6.52+0.11Bb 7.54+0.18Bc 8.0120.07Bc 8.850.23Bd 6.370.16Bb 4.77+0.11Ba
40 a 7.06+0.35Bb 8.00+0.33Bc 8.35+0.13BCc  9.0320.14Bd 7.48+0.16Ch 5.300.07Ba

50 a 7.83+0.05Ch 8.01:0.49Bb 8.98+0.58Cc  12.000.50Cd 8.50+0.13Dbe 6.90+0.06Ca

20—40 20 a 4.62+0.11Ae 3.07£0.03Ac 4.03+0.11Ad 2.93£0.07Abe  2.7420.06Ab 1.91£0.36Aa

25a 4.30+0.30Ab 4.43+0.07Bb 5.44+0.16Bc 4.44+0.16Bb 4.37+0.13Bb 3.3020.10Ba

40 a 4.38+0.11Ab 4.64+0.29Bh 5.35£0.34Bc 4.35+0.26Bb 4.27+0.24Bb 3.49+0.29Ba

50 a 5.9120.02Bc 4.700.05Ba 6.34+0.46Cd 5.68+0.04Cc 6.00£0.08Cd 5.2240.32Ch

AL 0—20 20a 0.57£0.02Ab 0.590.02Ab 0.65£0.04Ab 0.64+0.03Ab 0.45+0.03Aa 0.490.02Aa
N/P ratios 25a 0.80+0.02Bb 0.80+0.08Bh 0.81+0.02Bh 0.78+0.03Bb 0.74+0.05Bb 0.64+0.01Ba
40 a 0.80£0.03Bab  0.83x0.02Bab  0.96+0.01Cc 0.88+0.06Che ~ 0.8720.02Che 0.750.01Ca

50 a 0.80£0.06Bab  0.81£0.04Bab  0.85+0.06Bb 0.97+0.03Dc 0.79+0.01BCab  0.7620.02Ca

20—40 20 a 0.450.02Ac 0.41£0.01Ab 0.41£0.03Ab 0.39+0.01Ab 0.34+0.03Aa 0.33£0.01Aa

25a 0.46:0.03Aab  0.48+0.02Bb 0.52+0.03Bc 0.450.01Ba 0.44:0.01Ba 0.4320.01Ca

40 a 0.46£0.04Aabc ~ 0.49£0.06Bbc  0.52+0.02Bc 0.45+0.02Bab ~ 0.43£0.02Bab 0.400.01Ba

50 a 0.590.04Bbc  0.57+0.01Chc  0.64x0.08Cc 0.60£0.05Che ~ 0.54+0.00Cab 0.49+0.01Da

W — TR NG FRERR AR RRAR R IATE P<0.05 K E225 B3 | R —FI AR RS P38 [ — L RN R BRAR RRAR R AAAE P<0.05 kP b2e R B3

AH [E) RS R AR b 33 L SR 1K C/N . C/P N/P 7E 0—20 em + 2 H i KAEZ HPTE 0.5—1 mm Rifer,
20—40 cm 12,25 a. .40 a 50 a HHEHRIE C/N . C/P N/P FKAEHFUAE 0.25—2 mm KifeH 20 a i K(E
HIZERT 5 mm BiAed . BARHLAE 0—20 cm A1 20—40 cm + 2 THIEH BIA C/N C/P N/P fe/ME ) H
1E/hF 0.25 mm BifeH
2.3 N[RIBRHS AR 1 S A R AR Db | 42 A S Akt L i A0 [l 23 A

WER 5 Fros RS RS SRR AR 18 i b R RS A R AR A LAk . 2 A 2w & & S OH C/N . C/P N/P
ZRIRRIATZA M50, G5 R, 88 + 5ok F M BRI A Pk A S 2 B IEAHX.,
FIEJE A+ H PR SR S5/ T 0.5 mm RN 2—5 mm AR A ARG HLAR & Al 3 IEAH 9 (P<0.01) 5 TR
T 2ATES 1—2 mm K2 /NT 0.25 mm KRR T 5 mm A2 A SRR 45 & Gk 32 IEAEOC; 3R+
SRS 2—5 mm KR A SRR SRS & T A,

T8+ C/N 32 %] 0.25—0.5 mm KR FN 2—5 mm RiAR AR C/N W Z 52, 13+ C/P 5/hT 1
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mm B ERE C/P MR E IEA G, M HIEE 4+ N/P 5 0.25—1 mm RiARH A N/P R IEAG

x5 KREARFENR . £R . EBRALFITEILNEIERGE
Table 5 The stepwise regression equation of organic carbon, total nitrogen, total phosphorus and its stoichiometric ratios in water-

stable aggregates

i H Ttems [A]J9 75 F# Regression equation HIEEY 9%
Ji A R R A R AR B C=0.17Cysp25 mm T0-53Cw520.25-0.5 mm + 0-43C 520,25 mam 0.99%
C concentrations in bulk soil and WSAs -0.04 ’
Ji A R RS I AT R R 4 N'=0.25Nysa55 mm + 042N wsa 12 mm + 0- 34N ywsa<0.25 wm ~ 0.98
N concentrations in bulk soil and WSAs 0.03 ’
=y e A UNEN:
L AVK PRI 5 P=0.4P g 028 0.60
P concentrations in bulk soil and WSAs
Ji A R RS 1 T 3R AR Al A L
: C/N=0.32C/Nysrs s 1 +0.67C/ Nygsao25-0.5 my —0.19 99"

C/N ratios in bulk soil and WSAs WSAZ=S mm WSA025-03 0-99
JE A AR B A SR AR L C/P=0.14C/Pygro.5—1 mm +0-48C/Pyysr025-0.5 mm +0-37C/ 0.98*
C/P ratios in bulk soil and WSAs P sa<0.25 mm T0-49 ’
TR KRS A R AR L

KRR AT 5 LR N/P =0.45N/Pysno5—1 mmt 0-39N/Pysa0.25-0.5 mm +0-09 0.97*"

N/P ratios in bulk soil and WSAs
* FRTE 0.05 B F KT (P<0.05) , # * R 0.01 [ 18 F K- (P<0.01)

3 Wit

AHIFFE Y, AN [RI AU SRR AR - 498 P SR A WL | 4 8% Sk il o PR 0 4 o S 35 1 , Wit = J2 A I i e
I AR AR IS HARAK 0—20 em 1 20—40 cm + )2 HIEFRIK SRS BB BN, WHLEIAHYIFR IR AR ZR 5300
W R 0 e R B LA Rl 7= 25 i A AL A i ) 0 h 25 A e i A AL Y S N R Y Ho
Nt Bl A SRR AR () 3 T B n o PRIk Bl RS 1 1 - S PR R R ML R i AR, ot
Ah R 3322 (0—20 em) ELEAZBOH A HLT 4 A, H ARG MLk 22 & B KT 2040 ecm +
2. AR R R R LR R AR | 2 WL A GRS IN BT LA A 9 P SR AR Al B
AEAREE /N AHIRGE R, FIREAR A 38 A SRR ML | 4 AR AEE 430l #E 0.92—5.98 ¢/kg 0.15—0.48 ¢/kg 2
] AR T AR SO SRR 4 R LR R R R A AR A2 1) T B AR Ik A S IR 4R it - e
SYRITEIS B R AR, e R IR WL A& E S B

Wi 255 PR B B84 T, SRR L AS [ A8 420 4 S8 P SR R ML | 4 R0, 4l 35 1 388 T g A T R T ) AT
M R RIS AR AR 0—20 em A1 20—40 em +2RAFRAR +EH R PR 2R 2GR Z 2
F ) 72 PR AR B A 3 e KB AE 0.5—1 mm REAR N 1—2 mm KifRHf 3¢ I Bt 25 TR BRBA A 385 | 4 438 1A 58
A MR AR WS BN = BR B AE KA R H, Scott Devine 2520 %) 3 FR A A A R4 F 3%
R YUK BFFE 2 B . [FIVR P H KM B R HLIRAE 0.25—2 mm R & B dm . i FRH R
J2 PRSP SRR HILITR e 45 1 A7, e 48 P SR A 5 3 e WL S5 - L L ol P 38 Ak L o (e 1 ) 2 it
)28 TR, SRR K PR SRR LR |\ R il o i T AR A R ik

AN TR MRHS AR AR £ HE AT R 4K C/N .C/P N/P ZB LS 53 7 7E 5.84—12.42 1.91—12.00,0.33—0.97 Z i,
AT e i i S - 2448 P Il 3 C/N L C/P N/P B4 ME N 12.3.52.7 3.9, ARHFgE 45 5L #
T FEBIX T3 C/N C/P N/P AHIE , 8+ B X RAREL 37 Y - 58 C/N C/P \N/P ~FY{E 5351 R 9.44 5.53
0.75" Afgxt £ I AEY RS H RO R B A IR EEAE Y Bt e X TR
M T R, H AL S R, SR R IER R DK 2R S K s s R i ek
AT R SR IR C/P N/P AR b i 30 S I B AR 3, TER AR 0—20 em
F120—40 em +)2 HEEERIK C/N C/P N/P i 50 5 HBEAR 1 578 SR AR fh 27 1o L AR 14 3 Pl Bl iy 34
IR ENEITF A C/P KT C/N KF N/P, XUk B BE MRS 30, 3 B e DXORIAS bR - 48 PH 5 44 L
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T o S 1 MR B, S AT R AR R W B S N B SR | A SR AR 4 U A e T R RO IR AR
IHI IR . T ERTERAKR C/N C/P fig S WA LT FE A AR B S O 1857 43 B BTk g 7, C/N . C/P iR 3R
AT LIRSS P AR BRI, 420 L W 2 I3 B 228 Y 148 N/P T AR R R W ARV 77 43 BRI 0 45 R 1 3
B, MR Y 138 N/P B T R E X HEDBEE BRI AVER Y AWFIE P A R BAR £ 3 R AR N/P G fik T
HAb X 43 NP I T 4 M A R AR R A R R IX 20—50 AF BB AR AR K Y 3 R 2
HE

AN[EPRE AR R AT A Lk 2R 2RO RMEN B8 11 AR TR, H C/N C/P N/P HL{H 745 ki 12 A 2R
A BB A i B AR TR ST R R AR SRR AK 0—20 em T 20—40 em 12 T BAK C/N .C/P N/P FK(H
ZWIAE 0.25—2 mm RiAEr UiHAREZ FIREARES SN, IR RAK C/N C/P N/P B9 IAE F 32 2R A
KR JEHIE 0.25—2 mm BiARFI R, HF ARG WU H IR AR EDT | ok
et A B AR DL & v T AR, e & ¢ N K O/N & TR AR 13 ¢/N it
IR C/N EAEE R R Y ¢ N SREZ B A HEOC R H, BB S R Ak C/N ¢/
P T AT BRI B AR B0, BIREAK 0.25—2 mm B2+ HEA SRR N/P A8k Bl i k. i B 33 A
R4 RS B IR A K B 294 T R MRS i 85 IS 21 1 S, S % i VR £ LR IAE 0.25—2 mm ki {2
TR R A

4 Zig

Bt 25 RS (R 15 T, B AR S A AR - S SR ARAT DL, 2 8% 1 S H: C/N [ C/P N/P S 238, 3R A 78
0—20 cm L2 T 20—40 cm )2, M FIBEAK 1= 438 A1 R AR 285 5 i AR /N, 0—20 em FT 20—40 em 12
A IR SRS 18 1A SR AR AT LRI 2 2l % i S C/N . C/P N/P e KB KR Z H BLAE 0.25—2 mm hif%
o, HRRAK 0.25—2 mm A2 AR I+ APk 2R/ S & I C/N C/P NP A BEZm, HIIA
1, BB A e B X5 1 SRR 54 4% - S TR AR 4 358 37 40 43 T B H- i 56 22 BV B 52 ), B2 i) 4
FEARINTE 0.25—2 mm B2 TR R K T 3@ 55200 0.25—2 mm K2 BRI EE 5 T I g A i iy
FORFERE ST, 340 % pedb i 4 Fr b DRI AR - S8 R AR N/P WF5E 3R ,20—50 a A K 2 Z R & kit +
P R AR A L R BRI, 4 R0 i B e DRI AR ) PR
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