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Effects of storage conditionson total carbon and nitrogen contents of soil and plant samples

CHEN Ya-Han and XIE Zong-Qiang
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Abstract

Aims The storage of soil and plant samples has important significance for ecological studies, but has not been
widely used. This study aims to compare total carbon/nitrogen content of soil and plant samples before and after
long term storage, and further to investigate the feasibility of archiving samples for time series ecological studies
at large temporal scales.

Methods Soil and plant samples were collected in the growing season in 2011. Carbon/nitrogen mass fraction
were analyzed after four years of storage, and were compared with the data obtained before storage using pairwise
t-test and linear regression.

Important findings Nitrogen mass fractions of stored samples were linearly correlated to the data before storage
along the 1:1 line under different storage conditions, and the correlation coefficient r was greater than 0.98 (except
for soil samples stored at temperature lower than 20 °C and with particle size <2 mm, r = 0.91). The carbon mass
fraction after storage was changed by the storage conditions. Carbon mass fractions of stored samples with parti-
cle size <0.15 mm were linearly correlated to the data before storage along the 1: 1 line (r > 0.98). Carbon mass
fractions of samples with particle size <2 mm increased after storage, and the slope of the linear relationship was
1.26 and 1.04 for soil and plant samples respectively. These results indicated that, nitrogen content of stored
samples was stable under different storage conditions, while the stability of carbon content was affected by sample
particle size but by storage temperature. Archived samples used for carbon/nitrogen analysis were suggested to be
ground to particle size <0.15 mm under fully dry and completely sealed conditions.
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ARG S Ve 5 I 5 AR 40 1 e B g —
MK EBCR IR R R AR ALRE,
B FUH AE RIS 28 RBE 347 (Tilman et al., 2001,
Worm et al., 2005; Keenan et al., 2013). @ 7 7F
KIS 1A] PP 21 b B 7, 7R LT P S B AN 8 4,
B SIZ G B A5 SEEG A AR AT R S IAE A — 3
FE KR TR B s 55 N . A 38 5 A
TRAFFEMBEAT I 5T, FAR AR IRIE AT R — 3,
Bt broess, (AR IRAE 5 B R bR 2 2
RAEAR, &7 B 1) 0] 5 (Blake et al ., 2000). 4]
AN ORAF IO KT S RE fhpHAE & T %, HL Bk £ 3%
pH{H T P& &2 2 (Prodromou & Pavlatou-Ve, 1998), #J
A BH B - 3G N (Blake et al., 2000); fEA)
FE 5 R AR 25 L5 (AS(IN)/AS(V)) FE —4E 2 N 6 i
FARA, AN [F] ) HT A3 7 R A2 iR 2 2 A 2
FZ R (Amard et al., 2014). L& HIE SR E
TRAF 5 BEAC SR bR AT e A AR R B A2 4k, (EAR
A 2 WU ¢ 2 WA FH ORAF R il (R RF 70 285 SR S5 B B
a8 N IR SRR T ORI AT R, R
VIR G o R AR, BRI 2 i IR B AR
XA RIS KRN (Tzeneva et al., 2009); =i
TRAE3F LA BT 1 R A 518 CHR T
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mit ek By 5 P T R S DR AT IR [ RS2 e sz /N T A
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58, DR AT I 8] (1) 5 Wi Al 2 0% (Eichenberg et al.,
2014).
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S o B o # A F R A4 52 ) (R3.1.0, R Devel opment
Core Team, 2014), HrhR} 2 K R 1) B A5 X A 1
55N FH smatr £, 5¢ /% (Warton, 2007).

2 #R

21 TEH#RRASENNEER

20124 P = R i Bk R B A B P ME S
FRUER 2 41.29% + 1.63%; 2016545 -7 418
5 km v 22 91.30% + 1.56%. Ji5 X tha 56 1 435 5 o
20124F 5 20164F 4 Uk (14 ik o B 7 B0 B 3 2
(p>0.05).

20124 Pk L 35 K ot U B BN T E S
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25 IR 27 200647 I i U 7 B0 2 v T 20124
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NP, Hoh R EAR T 2.5% M0 B i (5 TR AR
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Tablel Carbon and nitrogen mass fractions of soil samples analyzed in 2012 and 2016 (mean + SD)

#i1%£<0.15 mm Particle size <0.15 mm

Hi4£<2 mm Particle size <2 mm

K Low temperature

%5 Room temperature ik Low temperature

BIBRR S Carbon massfraction (%)

2012 156+ 223
2016 153+ 2.09
PICINR 7 5+ Difference between the two times -0.04

FFR BB Nitrogen mass fraction (%)

2012 0.129 + 0.154
2016 0.129 + 0.157
P2 5 Difference between the two times ns

0.806 + 0.634 1.54 + 0.65
0.826 + 0.633 1.69 + 0.88
0.02" 0.15
0.072+0.036 0.128 + 0.076
0.075 + 0.037 0.138+0.087
0.003" 0.01"

", p<0.05; ns, p>0.05.
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1 2012F120164F Il 52 ) 3 il Bk U5 B 7 B 2k el
H. A, B, KR (<20 C), $if£<0.15mm. C, D, i
TRAF, Fif£<0.15 mm. E, F, flREIRAE(<20 C), KifE<2
mm. C%, BBTE 4G N%, BRI EG r, MCREG s, &
PERARIRI, Sedk, ALk, Rk, 112k,
Fig. 1 Linear regression relationship between carbon/nitrogen
mass fractions of soil samples analyzed in 2012 and 2016 under
different storage conditions. A, B, low temperature (<20 °C),
particle size <0.15 mm. C, D, room temperature, particle size
<0.15 mm. E, F, low temperature (<20 °C), particle size <2 mm.
C%, carbon mass fraction; N%, nitrogen mass fraction; r, cor-
relation coefficient; s, slope of linear regression; solid line,
regression line; dashed line, 1:1 line.

40.989; il (<20 C)PRAF, Kife<2 mmif) T IgEFE
ik o R EURAR, ~40.911 (1B, 1D. 1F).
23 fEYIHERRASENIEER

201247 AR P A ot B ot B 4 B )P ME S
PRk 22 944.30% + 4.40%; BT &5 BT HA1E
55k 22 90.789% + 0.620%. BNt 6 () 45 B
N, BB BTG R DR A 7 ST, 201645 Ik 45
R 20124 B M (p < 0.001); T % & 734k
AR ARAERE b, 20064E A 45 IR 5 20124 6 &
EER, (WA T, 201645 i £ 4 2
20124 -3 B#41K 7 0.01% (p < 0.05).
2.4 TEYIHESRFENNR RS ET

PR ORAT 25 A T BRE R i 1 0 X i 1)
LML RE2RTR, Kilk(<20 C)fRfE. Rife
<2 mmFREIAE G, R 2 B0 R R A
KAZHN0.914, ZMEHIARIRIZN0.876, W& /N T
1, LePEMA A EE 7.28, BFH KT 0; 25 FR&E

2 2012A120165F I 5E HIRLMIRE it B I 3 B (P (B Fm A 22)
Table 2 Carbon and nitrogen mass fractions of plant samples analyzed in
2012 and 2016 (mean + SD)

I Ui
Low temperature  Room temperature
KifE<2 mm Hif%£<0.15 mm
Particle size Particle size
<2 mm <0.15 mm
BB RS Carbon massfraction (%)
2012 44.30 £ 4.40 44.30 £ 4.40
2016 46.09 £ 4.21 4489+ 4.42
PV 2 5 179’ 0.58"

Difference between the two times
RFE RN Nitrogen mass fraction (%)

2012 0.789  0.620 0.789 + 0.620

2016 0.796 + 0.622 0.774%0.619
VA 2 .

PR 22 S _001

Difference between the two times ns

", p<0.05; ns, p>0.05.

U £ 38 i R A (R PR D 0), )R [ A A RO
1.039, &3 K71 (Kl2A).

FIRARLE, Kif2<0.15 mmifEYIRE S, TR
A3 H0PR U A D¢ R 450°50.984, 2R (=1 UH 1)
R AN 4 51 50.989F11.082, A4k 51:146%
A% % 57 (K2C).

PRI R AT 264 T IR AR &, U =20 B
R B &AL 5L 18R R %=
S WIRAE, KifE<0.15 mmSRIRGEA . KR
<2 mm R P RE 2 B0 R 55 R B A
0.996#10.987 (E12B. 2D).

3 iR

31 #HENENREREXRENERENT

R S A B ORAF T b, KORLAR (KL AR
<2 mm)HE S B S AR DR AE SE S8, TR NREAR CREAR
<0.15 mm) A i IR 0 & R34 TEAR AL - KRL AR b R
fEJatk S M3, rTeeA LA R AT ER: (1)K
FIARFERAE N T 122 mmifi 5 BRI ERAE, K
BB R R, SR ft T 2 BBIR AL AR ) 2
(Fang et al., 2015; Lange et al., 2015), F- kit /2
B TR R, (HO R DRI =
TRATHE IR & & /R FE S IZEBRBR AR R
JEWFEEARAE, WD T SAE) BIRRIRAL R . (2) KAifs
FE b 7E LR 2 (B 5 2 R, Rk T R AR
Y% sh(Alef & Nannipieri, 1995).

T HE N R AR S TE R R 5 <20 CRIR TR
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El2 2012F12016% I & HFIAEPIRE it B 205 12 7 B 2 1k |
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REG s, RMEFEVAMIRIE, L4, BIHAL; BEL, 10146

Fig. 2 Linear regression relationship between carbon/nitrogen
mass fraction of plant samples analyzed in 2012 and 2016 under
different storage conditions. A, B, low temperature (<20 °C),
particle size <2 mm. C, D, room temperature, particle size
<0.15 mm. C%, carbon mass fraction; N%, nitrogen mass frac-
tion; r, correlation coefficient; s, slope of linear regression;
solid line, regression line; dashed line, 1: 1 line.
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2005).
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A (Amaral et al., 2014).
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A=W e L 35 1 2 (dle Nobili et al., 2006; Dadenko
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AR i (Zhou et al., 2013), SEURE S ARAT 5 5
TR TR (2)ms w A R AT 5 SR
PERAS LB /NGEPTRESS, 2010), A T SR 20 (4L
N, B IRAF e B & R R
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T 33 4 (Vlassak, 1970), T 25 Bk i AL 24 4143 U 5
1 I IR AR F % A N COR 2%
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TRAEFE m PR N H T E e &= i 2 oh, tal H
T HAb AR AEAR, 900 B RE S RAE A R
% 15 . (Dolfing et al., 2004; Moon-van der Staay
et al., 2006), HEPIFE i o] T-$E BUs & 1) )i (Staats
et al., 2011; Weiss et al., 2016) . A~ [&] (IR FE b 38 &
BORA R AT 5 O/ A7 2N, SEBn B B 2R -G
&R ) 5 O FE bR, e UG & R A T
o BN, AT HEERCEY) . BREYE. AN S
3BT B R S, RO T e 138 B VA R DR AT
AN — 5 I Ja) B )+ 9% (Wallenius et al., 2010;
Rubin et al., 2013; Amara et al., 2014; Cui et al.,
2014); FHF IR = BRad BRI 3%, KT i e
22 CRRAFIIRER MR T4 CHABARA7(Ginn et al.,
2014).

AL RR B ORATFATFIRE 5 S TR E G R
MR ATAT IR, (AR R A R SR, Ho
FE SRR R IR AE 5 1Bk & 2 W35 5o, T
RS <20 “CARIR T ORI X0 . T i
TCER A HTHIRE S, BWGE T4 WFEE /5<0.15 mm
RLAR JE 1 IR EE T % R A7, o IR & Nk
Bk B M RE AR R P S .
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