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Table 1 Climate and soil conditions at the experiment sites and properties of the straw tested

AEHIR

ARHIET

Hh R R A AR L
Location and climate type Annual mean temperature Relative humidity (%) Annual mean precipitation
(°C) (mm)
FEUR S 1.5 59.8 530
Cold temperate, Hailun ( HL)
I Yk B B 13.9 70.0 605
Warm temperate, Fengqiu ( FQ)
Hh I B I 17.8 70.1 1795
Middle subtropics, Yingtan ( YT )
R = +5pH T LT TR
Soil type Soil pH Soil organic matter (g kg™) Soil total N (g kg™)
22 1 Phaeozem 6.06 53.0 2.47
1 -+ Cambisol 8.23 8.35 0.66
£13 Acrisol 4.98 8.28 0.79
FhAT 258 FEFF G FEFFEA FEFFRR AL
Straw type Straw total C (mg g™) Straw total N (mg g™') Straw C/N
E KA FFMaize straw 446 6.24 71.5
INFFEFF Wheat straw 431 7.47 57.7

1.2 . tEHRXERNFINE

R IETE0.5, 1, 2M34ERE, 435 H
H3NEEME LS, A RHSHRIELEE, T
TR SRR A2 [0 32 56 2 A5 -20 CokKAE IR AT . BUGHS
A3 5% BB REFERE S AETO CCHET, I & K& R
B, B, PR APEMEYLR S A0S . B
Fe a3k FTHF-HC10 8 & — KOG E T A A
WA A U AR R SREER ], SRAEZS AL
INK I FRIE T8 (0~20 ecm) FES, 40T 3G AL
i, s . euh. 8. HHEEPLTUR A SR R A
Rk, TSR EMEIIREEE, 1S

iR FAWEAR 7O L, 48R FINaOHE
il — SO RE T T E
1.3 HiES

AR A T fie 1 111 ) 95 AT B R R O
WA EM I BRI s i (Re) | FRPERE R
(Ft) . FRuoBte (De)  FROBEIR (Yt) M
T BEHOERF A (k) -

Rt= Ct x Mt (1)
Ft= Ctx Mt/ (Cyx M) (2)
Dt=Cy x My—Ct x Mt (3)
Yt=Dt/ ( Cyx M,) (4)
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Rit=b x ™ (5) B9 ( Stepwise regression ) ZE 7%, B, HPRHE

Kofr, ROWFREREF IR B8 (mg) 5 FORREAHR
Ao S SRR A R B E A (%)
CoNMBEREFMFES &’ (mg ¢') 5 Dt
Mg cAE S B FRsr (NL PLK) BB &
(mg) 5 YeRFEFIE WAL BT MFES (N P,
K) BilceE SPmmsA R B/ a sl (%)
CtNIEMOAFIRRBREF PR TE (mgg') ;
MOAWIETEFF I E R (g) ;3 MORIE G AE 5 5% B HS
HryER (g) 5 hEMETE (a) 5 bR
WG e N ARMEG N IR B R
FIHISPSS (version 19.0) #EfTZ K& )7 254
Br (Multivariable—ANOVA ) , HEFRFF. <M.
TR A . B FUREECE B B KO,
T =2F 7 il (Typelll sum of square ) 115455
m P xR AR R sk R L MU ZonE

RS M I AEFEE R A A R, S
TAAFEESLE . MR . R, T
fWAEpH . AL A A, FEFFHE TR em. 4
A HC/N,

2 45 R

2.1 FEHER. ¥ BERBAE

EI1RW], 7ER A, ERA/NEFRETARLE
AR PR 2 RO AR AR . AR
Mg, NEFRFF AR A3 U K2 RN
Fe R R E R R R R R AT R
PINCE SSoR NS R A NS SR Y
WO R, ALAE rf 7 AR 2158 v 3R IR bk - R -
R AR o JE AR 34, TR B AR A P AR
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R )

Fig. 1 Variation of N residual rate ( Fty, percentage of total nitrogen in wheat straw or maize stalk residue to that in the straw applied )

with decomposition going on relative to soil and climate ( All the data in the figure are mean plus standard error )
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Fig. 2 Variation of P residual rate ( Ft,, percentage of total phosphorus in wheat straw or maize stalk residue to that in the straw

applied ) with decomposition going on relative to soil and climate ( All the data in the figure are mean plus standard error )
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JINFZ N OK A FF 09 40 2 AR R A R L g
Pyl o Yo A RO R, ZEERAIINAN0.5 a,
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Fig. 3 Variation of K residual rate ( Ftx, percentage of total potassium in wheat straw or maize stalk residue to that in the straw

applied ) with decomposition going on relative to soil and climate ( All the data in the figure are mean plus standard error )

FW: ARIR) AR B RS AT AR AR D RCR
RENBEH AR B FR AT iU A, F I BRals
g (# )/\”Jiﬂl616i(1060$ﬂ05481(10690
FEAR R A Fn b A8 R B OCRIG 38
BEKY, HEHFBRBAME (R®) 40.99,
FOK RN FE AT B R 0 SR R A (k)
A3 h4.33 £0.23F14.65 + 0.40, RS AT 2 ]
M 2EFARE, 3N, BAFMRMHE
SR EFRBONREAS (5.20+0.30) > HiE iy
(4.47+0.44) >%EHEM (3.79£0.22) ; E3F+
B, KfEH A RBMLEE (5.03+£0.43) > %
1 (4.40£0.44) >4 (4.03+0.24) .
23 SiE. TEMEBEFEEHNBERR. 3. 98

=R IR e S EA

FIRW, FEEMATY (0.5 a, 1a) K@M
TIEEEE W TR ARG, H TR a5

$926.3% + 4.65%H126.3% + 2.15%, FEFF S0 1)
WA RE ., EEREN (2a, 3a), AfEEKEMAF
WA AR EN EFEWHAR (STEIRER
12.7% + 3.64% ) , TIEFAFHEm TR (STl
F7.01% = 0.25% ) , TikEFF AR B/ME B 3
A0 ( BTRRR N3.08% = 1.67% ) . Mk, %
FF o AN A 53 7 4 2 R i 1 38 BAE Y
WA/, EIEMIEY (2 a, 3 a) FHTMERN
1.23% = 0.28%.

A M, A 0 - 48 d 2 5 ) T R 3 Rk

o (L o S e TR0 B e R SRR
aﬁt%m%%mww(a5a,1aﬂw%9%ioz%T
MM (2 a, 3a) M12.2% £1.7%, +IELM
M BTk R H124.3% £ 0.2% FFEN3.31% + 1.43%,

FEFF 25X RS AT B BB RO R /0N, 8
WS 2 (STERENG6.91% ) , 1EJES )5 W5

http: //pedologica. issas. ac. cn



5 ] EEWIRE . AR LR T RSATIE  A SR 0 AR AR B HE i [H 2R 1211

F2 EXRFNERHE. . HEREENERERNEARE
Table 2 The exponential decay equation fitting attenuations of residual rates of N, P and K in maize stalk and wheat straw during the

3-year decomposition

EKFEFFMaize straw /NZEFEFF Wheat straw
B THERAL bR
Nutrient Soil type  Location i‘uﬁjﬁi 2 p i‘ﬁl%?‘ﬁ% 7 p
Equation Equation
A& wet HL Rt=500.35 x ¢ ¥ 0.30 0.34 Rt=698.81 x e "% 0.56 0.14
Nitrogen  Phaeozem 0 R1=575.58 x e 0.80  0.04 R1=654.38 x 07" 0.69 0.08
YT Rt=519.72 x ¢ ¥ 0.66 0.09 Rt=576.07 x e * 0.26 0.39
i HL — — — Rt=770.77 x &> 0.84 0.03
Cambisol R1=575.28 x e 074 0.06 Rt=T770.79 x e 0.95 0.01
YT Rt=523.91 x e " 0.15 0.52 Rt=661.75 x e % 0.75 0.06
LT HL — — — Rt=870.99 x ¢ 0.33 0.31
Aerisol g RI=594.97 x ¢ 0¥ 071 0.07 RI=767.96 x ¢ 2" 093 001
YT R1=618.19 x ¢ 045  0.22 R1=668.43 x e " 0.74 0.06
BER wmet HL Rt=26.93 x e 0.03 0.79 Rt=47.03 x e 0.55 0.15
Phosphorus - Phacozem ;) Rt=34.67 x ¢ ™ 0.89  0.02 Rt=35.31 x e ' 0.46 0.21
YT Rt=27.43 x ¢ ' 061  0.12 Rt=36.15x ¢ " 0.40 0.25
il HL — — — Rt=54.92 x ¢ 1% 0.23 0.41
Cambisol ) R1=31.54 x ¢ 2" 089  0.02 R1=52.96 x ¢ 2" 0.54 0.16
YT R1=29.83 x ¢ ' 0.63  0.11 Rt=46.64 x &% 0.82 0.03
aK: | HL R1=45.97 x ¢ " 001 091 R1=57.11 x ¢ "2 0.45 0.22
Acrisol FQ R1=34.23 x e 084  0.03 Rt=49.64 x ¢ 0.59 0.13
YT Rt=37.11 x e 0.36 0.28 Rt=42.62 x e % 0.94 0.01
ES LE8 HL R1=1203.05 x ¢ ™ 0.99  0.001 Ri=1624.17 x ¢ 0.99 0.01
Potassium  Phaeozem ;) R1=1203.78 x e 0.99  0.001 R1=1629.29 x & % 0.99 0.001
YT R1=1203.36 x e " 0.99  0.001 R1=1627.27 x e ™" 0.99 0.01
1+ HL R1=1202.98 x 0.99  0.004 R1=1628.50 x e '™ 0.99 0.002
Cambisol g R1=1203.66 x e ™ 0.99  0.001 Rt=1628.70 x e " 0.99 0.002
YT Rt=1202.16 x ™" 0.99 0.001 Rt=1625.94 x ¢~ 0.99 0.001
AR | HL Rt=1200.05 x % 0.99  0.004 R1=1628.48 x e ™ 0.99 0.001
Acrisol FQ R1=1203.94 x ¢ 0.99  0.004 R1=1629.20 x ¢ % 0.99 0.001
YT Rt=1203.57 x & ™" 0.99  0.002 R1=1629.29 x ¢ 0% 0.99 0.001

¥ HL, JERAFER; FQ, BIEWEHE; YT, hWHAH R, R A ST FER=b x e "4 550 B HE R W $kfd, A7
AR, p BFEMEKFE Note: HL stands for Hailun in the cold temperate; FQ for Fengqiu in the warm temperate; and YT for
Yingtan in the middle subtropics. Nutrient release rate constant ( k) was fitted by the attenuation equation ( Y=bxe™) ; * denotes the

goodness-of-fitting of the equation; and p significance level
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Table 3 Multivariable ANOVA of effects of climate, soil and straw conditions on nutrient release amount during the 3—year maize stalk

and wheat straw decomposition

For A CESE S

J& i [8] Decomposition time

Nutrient Affecting factor 052 L 28 ia
P E (%) p E(%) p E(%) p E (%)
AR F&#FStraw (St) 0.49 0.10 0.06 1.02 0.00 4.74 0.00 1.41
Nitrogen S A5Climate (Cl) 0.00 21.66 0.00 30.95 0.00 9.09 0.00 16.36
4-35S0il (So) 0.00 24.13 0.00 28.43 0.00 6.76 0.00 7.25
Stx Cl 0.06 1.24 0.00 478 0.00 1.93 0.01 1.09
St x So 0.50 0.28 0.00 10.16 0.00 2.07 0.00 1.74
Clx So 0.02 2.70 0.06 2.86 0.00 0.79 0.00 1.84
St x Cl x So 0.21 1.25 0.01 4.08 0.83 0.06 0.58 0.28
BER F&FFStraw (St) 0.00 9.79 0.00 4.03 0.00 3.00 0.13 0.38
Phosphorus 5 fizClimate ( C1) 0.00 26.72 0.00 27.08 0.00 1045  0.00  13.89
+-3Soil (So) 0.00 24 52 0.00 24.04 0.00 4.74 0.01 1.88
Stx Cl 0.71 0.48 0.00 7.65 0.00 3.47 0.00 3.34
St x So 0.14 2.85 0.00 10.87 0.01 1.58 0.01 1.73
Cl x So 0.49 2.40 0.22 2.52 0.02 0.96 0.11 1.30
St x CI x So 0.04 7.91 0.00 8.61 0.51 0.24 0.02 2.17
xR FEFFStraw (St) 0.00 2.29 0.00 2.21 0.00 2.28 0.00 2.16
Potassium S f#Climate (Cl) 0.07 0.08 0.07 0.04 0.11 0.00 0.08 0.01
+-3£Soil (So) 0.11 0.05 0.06 0.00 0.06 0.00 0.11 0.03
Stx Cl 0.35 0.01 0.71 0.00 0.13 0.00 0.07 0.00
St x So 0.05 0.03 0.06 0.02 0.15 0.00 0.28 0.00
Cl x So 0.06 0.05 0.08 0.02 0.11 0.00 0.09 0.01
St x Cl x So 0.12 0.04 0.10 0.01 0.34 0.00 0.08 0.00

H: p B EMIKE, Elsgm 73448 S f# B & Note: p denotes the significance level, and E contribution rate of the affecting

factor

A RERT . AU LR AT B SRR Y 52
AR W, EEMEY (2 a, 3a) ¥

BTk H1.85% + 0.39%

EAFAM L, AR EEMZ 3

R

PIREFF A A B R R, (B TTIRRAR N, A

i

RO, TR AT PR A U A PE 4 ) T RS AT AR R

2.23% = 0.07%, X 7] e SFEFFHR 2 APPSR ¢
BA PSR B R (Re) , FHFAER
R Z A FEFBR AL . HIEER . FEIRN R ER
s B RBHCRZEMIRE . HEARE . BHA
W He i S 3B 5 IR T TP A R R R R A B R AT
WAL . AT 0B R X A S 5 R i, U
S HHERFE AT R ML F I L B FEAT A R R

FEATAE LS PG AR R W PR IR it AR
— MR B =R IR - R R W R
M. EEERERL . AT EIAN R E
A 3 L Y - e ) B, ORI
T AT B0 SAF JE8 Ak 100 A B, 4038 R i B A T
AR B MA - £ -F . BRI
R =ML (E) , BEERRR I & R
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Table 4 Stepwise regression equations of nutrient release rate of maize stalk and wheat straw with climate, soil and straw factors during

the 3—year decomposition

i B )77 R

Nutrient Stepwise regression equation

A
Goodness—of—fit R*

g K p
Significant level p

“ZANitrogen
% Phosphorus

#Potassium

Yt,=-3.41- 0.40C/N+0.49TN+0.43AT
Yt,=-83.73+0.49RH+0.42TN+0.25N/P
Y1,=2574.39-0.87C/N-0.33N/P-0.30RH

0.67 0.001
0.47 0.003
0.62 0.002

e Yoy, REBHCR; Yo, BRRBECR; Yoo, BRBHCR; AT, 43R RH, MXREE; ON, FFFRALL; TN, Life

A&m; N/P, FEFFAME L Note: Yz stands for N release rate; Yt,, for P release rate; Yty for K release rate; AT for annual mean

temperature; RH for relative humidity; C/N for carbon/nitrogen in straw; TN for soil total nitrogen; and N/P for nitrogen/phosphorus in

straw

HORN R R AR (R2) B R R EE
B B PR R (RIS o A A
BERW T R E BRI, TR RS
Wi 740 TR, X PR 26 A TR e 1)
IR
3.0 SELKGWMEFERIEDFIBRENSN
RV AR, 7E TR AN TS
FFOAE IS M b1, R B 32 B R B S i 4R
JE RO BRI AR (1, K2) 5 el
P 2T 48 KRS AT RURN B 2 B I - 4R -k
. AR EEUEARIERIATE, S
R LU i SR R ek P
HH B e T B A RIS . ZE SRR, WA
LU I E R FEFT R R R B B T, NETEAT
AR BIRFIN o5 85 B AE , PR
Beb s T B VL R T P ORI N E RSP R
TE B AR SAE R B B . FEIRAT (IS ) FEAT
RE B D P E AT RS R MR T
PG A O T Y R RIR X, RS R
BEIR = 1 R, AT IS e Vs 7 Bk
ERERESR Y, WG T RS B, R E—E
Feor S BE S, B R MRS A B 2 A 5K
R 4 B AN 0 X R T B R i O BRI
WISy, PR LR AR X A 2 b b A AT Ul R it
FEPA S T RO . X L AR KR 7K 0
st i, Ho B AR MRS
G AT IR A (B AR
13.9 °C ) FH i (JEEAEEEL7.8 °C) , )
AT R O REAT AR R s = T A

R 2, R AT R0 3R B 2 R il 8 3 Ik s —
BT -, AgeharaflWarncke 7 BFSY
% B 0 - M B R R S AR = T A LRk
REMIBEHCERE, fRHF T IR HEB. TEARR
b, AU AR AT AR RN RO 1Y 5 ] e K
(XTI R19.5% ) , R ILAE S E A TR X 38
HIFE AR AL NE RS T, B Se G 25 R R 4
A B 3 A
32 TEZXANBEFERIERFESBHRGFN
THGRAME . pH. EALE IR (Eh) DLASR
SRR T RERT B i A g A R L
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Characteristics of Nutrient Release and Its Affecting Factors during Plant
Residue Decomposition under Different Climate and Soil Conditions

LI Changming' 2 WANG Xiaoyue' SUN Bo'f
(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

210008, China )
(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract [ Objective] Nutrient release during the decomposition of organic materials in soils is
an important process in the nutrient element biogeochemical cycle, which could be used as substitute
for chemical fertilizer. It is a fundamental to build the best straw returning practices to know the coupling
characteristics and mechanism for nutrient release during straw decomposition under different climate and soil
conditions. [ Method] In this study, we transplanted neutral black soil ( Phaeozem ) , alkaline chao soil

( Cambisol ) and acidic red soil ( Acrisol ) in cold-temperate, warm-temperate and mid-subtropical zones,
respectively and setup the Soil Reciprocal Transplant Experiment. Wheat and maize straws were packed
in 200—mesh nylon bags and buried at the depth of 10 ~20 cm in three types of soils in parallel in three
climate regions, and then sampled at 0.5—, 1-, 2— and 3—years of decomposition. The effects of climate,
soil and straw condition on nitrogen ( N) , phosphorus ( P) and potassium ( K ) release associated with
the decomposition were examined. [ Result] The results showed similar releasing patterns for nitrogen and
phosphorus. In cold temperature zone, the N and P nutrients released in the pattern of an enrichment stage
followed by a release stage, while in warm temperature and subtropical zones they showed a continuously
release pattern. The N and P released directly in Phaeozem but enriched firstly then released in Cambisol
and Acrisol. The K were released directly during the 3—year decomposition, and the mean K release rate

( Ft¢, percentage of total K in wheat straw or maize stalk residue to that in the straw applied ) amounted to
89.5% + 1.1% in the first half year. During the 3—year decomposition, the nutrient release rate decreased
followed the sequence of K >P=N. Climate conditions contributed to 19.5% * 5.3% and 19.5% £ 5.0% of
variation for N and P release amount, while soil conditions to 16.6% * 6.5% and 13.8% = 7.0%, respectively.
Meanwhile the contribution of climate and soil conditions to the variation of nitrogen and phosphorus release
amount decreased with the decomposition going on. The K release was significantly but slightly affected by
the straw conditions which contributed to only about 2.23% = 0.07% of variation. Among the interaction effect
of these factors, the climate x straw and soil x straw affected significantly the N and P release amount. At
later decomposition stages ( 2—3 years of decomposition ) , the total contribution of all factors ( climate,
soil and straw ) to the variation of the nutrient release was less than 30%, which suggested that the other
environmental factors, especially the biological factor, may play an important role during the process of
nutrient releasing. The stepwise regression equations between nutrient release rate and climate, soil and straw
factors were Yt,= —3.41 —0.40C/N +0.49TN +0.43AT ( R*=0.67, p=0.001) , Yt,= —83.73 +0.49RH +0.42TN
+0.25N/P (R*= 0.47, p=0.003) , and Yt,= 2 574.39 -0.87C/N -0.33N/P —0.30RH ( R*=0.62, p=0.002)
for N, P and K, respectively. In which, AT stands for annual mean temperature; RH for relative humidity;
C/N for carbon/nitrogen in straw; TN for soil total nitrogen content; N/P for nitrogen/phosphorus in straw.

[ Conclusion]) In general, during the 3—year decomposition of wheat and maize straw under different climate

http: //pedologica. issas. ac. cn



5 ] EEWIRE . AR LR T RSATIE  A SR 0 AR AR B HE i [H 2R 1217

and soil conditions, the N and P were released mainly in the pattern of an enrichment stage followed by a
release stage, or in a continuously release pattern. However, the K was released all in a direct and faster
pattern. The climate and soil conditions are the main controlling factors for N and P release, while the straw
quality was the main factor influencing the K release.

Key words Straw; Decomposition; Nutrient release; Climate condition; Soil type
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