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(P=0.001); M EREExLELH% 28 .28 BMAL ARE, UKEEC: N: P Fit
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R A ek 4B (P<0.01) , &1k £3% C/P 2 N/P(P<0.01); 2T F N4 ERFHP
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B (P>0.05) ;T ANERF L ZEHMmT EKE4A L+ N4 E(P<0.05), AT E{X C/N
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Effects of plastic film mulching and organic manure application on C, N, P stoichiometry
of soil and crop. WANG Qing-lu, ZHU Peng-fei, DING Fan" ( College of Land and
Environment , Shenyang Agricultural University, Shenyang 110086, China).

Abstract; To examine the effects of plastic film mulching and organic manure application on C,
N, and P stoichiometry of soil and crop, we collected soil and corn tissues (root, stem, leaf,
and seed) in 2015 from a long-term experiment at Shenyang Agricultural University, which was
initiated in 1987. We measured C, N and P concentrations in soil and crop tissues. Results
showed that the main and interactive effects of long-term film mulching and manure application on
soil pH were statistically significant. Film mulching did not affect soil C, N, P, available N and
P concentrations, and soil C : N : P ratios (P>0.05). Manure application significantly increased
soil total C, N, P, available N, and available P concentrations ( P<0.01) , and significantly de-
creased soil C/P and N/P ratios (P<0.01). Film mulching did not affect the stoichiometry of C,
N, and P in all plant tissues except for leaf N and seed P concentration and C/P ratio. Organic
fertilizer application significantly increased N concentration and decreased C/N ratios in all tis-
sues (P<0.05). Manure application increased root and seed P concentrations (P<0.05) and
decreased seed C/P ratio (P<0.001). In conclusion, soil and crop C, N, and P stoichiometry
could be affected by long-term organic fertilizer application but not by plastic film mulching.

Key words: film mulching; organic fertilization; soil; corn tissue; stoichiometry.
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AR LR S A Y A R
AR R EY) RGN 2 TR T
KFR B4 BT B A CF R 32 55 2017 5 MO R
A5 2018) , —J5 i, A (N) Ff (P) J2 A=W 4 K i
FRAIPETR 2 B (C) SURZERPER T, 75— 7 TR 45 57
SAZMEIRHME N : ¢.C 2 P N = P Al T A WL 2
fife T FR AT BRI K2 C 1 [EAE RN oy ik, R M BIESE C
N.P EEEAS RGP A LREM T —
Fheg 407 (Lg% 2008 ; F4E 474, 2010, T ML
2011 FHEAT 45,2012 FRIAE, 20145 %8 448 55,
2015) ,

ASTRIBIEAE 8 it 1 EE 0] 7K RS A5 B 2 R i e 2
A EIECF T T 55,2017 H—%i1 %, 2019) , 3 11 5%
WVE = R, AESE (2018) WFFE M, A HLAE it
SEOMVEY =1, T R A R TR AR
77 BTN 20 28 N A AR AR B R m BN T
ZRPARAEDIAR KT, QnEok AR B SRSE, HbRE
JE R A E Y A KB 5 — A5 /N B, B RE
B RH IE 4K oy 25 K, I R — e R 1 R R
i, DL AR A LR T B N P K 45 5%
gy, TR HER VB 1 A & B R, 38 33 =
RO DART2E 8 G T MR 5 R s B ot 32 22
L ey & LIEY A W (Zhang et al.,
2011)  +3E % ZH HLEK (Shen et al.,2004) K45
(Gao et al.,2009) 5577 11, Hb AT 55 (R V6 OR 395 BE 18
P R G PE A R b T 3R
PEER

AR b AR B T B R ARVEY = ™, Kt
ARIE 3 1 T IR AL AR il BT T e | TR S
G RPN, R SR AT LR R RN
AR i B, R R R A AILAN S Al B AE AT
AHUIEREAS R R 1, (i 1F e DR S5 44 1Y TE B A
PER R BRI RE 1, 30 REAR SEXEVE 0 0T Vs A, 42
AV EYIIR I RE 1 (/N5 ,2017) . R FABLIE
A N2 3E i 3 rh C NP & RAEY AT RE s A
TR CE 25 N FI P BRI SO R A N C
NP fb2Eit %, BHA, 56K Wit A HLIE X &
M+ ERMEY C N P Lt isgm o A —
SERIFSY AT R (2009) 7E AR HE FHEAT 5 4
NERSS , K Bite FHA HLIE A B 5 A3 r=1E T, 5
EPEE T AL R EEE DL K i
ZEI AR (2009 ) A it HI A AILIE I 22 1+ 45
Rtk (i E3Eh ¢ NP S E R, AR, TR

b 7 55 Rt FH A MLAE 19 28 BAE I A AR S R 5
) C N P AL i R e A R0, AT 3
T BH AR M A2 K 300 it B R0 8 5 5 3R B L 95
TP I b 5 5 At A A FLIE XS 8T E oK C N
P &AL AT AR

1 ARMREHARFGE

1.1 ARSI

PR R H T T8 VR BT R B AR ML R A K
it R S VB 0 (41°50°N (123°34E) |, 3k
75 m, iZHLIX R T YRR - 2 R 2 R AR
FEFR 34 730 mm, AFFX R 7.0~ 8.1 °C 4R 18
H &k 2445.7 h, AN 148 ~180 d,, +338/E 5
JERFEE . HEHOR I AT (1987 4F) #F)2 LA AL
PR N AHLFE 15.60 g - kg™, 2A 1.00 g - kg™', 4
B 0.52 g« kg™, 2H121.56 g - kg™, Blf A 67 mg -
kg™, HALHE 8.4 mg « kg™, FHALEF 98.3 mg - kg,
pH {H 6.39 (TE 5 %55 ,2006) .
1.2 HfAlE S AR 86 15 1

T BH A b K 2 it A 5 78 5 7 K 56 T IR T
1987 4F K47 B — ok 3% B OKR AL Gedle A o7 =
IR R X I, BRI R £ X, 45 3 Ik
HE, BNEXHN XA 3 KAV,
Sy BEAHEA VUL (MO) s A ML (ML) , A
HLAE 9000 kg - hm™, &% N & 135 kg - hm™; H &
PLIE(M2) , 4EJitiA HLIE 18000 kg « hm™, & & & 270
kg - hm™  FEHLHES , A/ NX AR 69 m?, Jiti 1Y
AHUIE (M) A% BEAL , J2& f A 28 R IE 6 HE 5 HORHE
A HEIX i 1 B A LI R, R AL R
200 g - kg ' A, EE10~15 g - kg, & 4~6
g - kg™t o MRIBARIAME, BAE 5 HPIAE R
HRE, S A H RLEA T L E) 4502 10 RIER, oK b
FoRUL IR 13, RAEY AT AN, BA #F17 N T
%, B )45 B L Ding %5 (2019) , FEAN[A] AL
BN, R RAER 1 PR,
1.3 FEACRSE

FEA AN A RE R AEF 2015 4F 10 A fEREAS
S /N FEHLRAE = 0k oK KR AR S S i AR
FERLDUTS A3, MR ZR R A2 PR Bk P A e Jo] Pl A%
40 cm FIEREE 40 em B9+ 07, BUH 3R &R & 0] 52
e, A LU 60 CHUR T, R H
ANFARAL, BEFE A LU 30 ~50 g MR E
C N P& i, A & R IR IE 450 ~ 20 em
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F1 2015 FRLEBETEKRTE
Table 1 Corn yield for different treatments in 2015

Ab P it Weight
Treatment (g-m?)
B MO 895
No film mulching M1 1715

M2 2155
B MO 580
Film mulching M1 1295

M2 1440

TE: MO M1 M2 F3 5 R AHEAE G HUIE i A UL AL 2
Note: MO, M1, M2 represent no manure, low amount and high amount of
manure treatments, respectively.

PHE T3 B/ NX He S BIEL 5 45 IR-A 4], & W
S ASRIT G, Pk AR AR A0, Bk A S5 2 ik
SRIGWEE S 100 H 06, M2 C N P &,

1.4 WEmHS %k
58 pH A9 E T s oK H 12 2.5 I LA
Sy JB B mulching: P<0.01 ORZENE No-mulching
J#Eft manure: P<0.01 W R Mulching
70| BBEXHEIE mulchingxmanure: P=0.001
6.5
3z
-\-11781 6.0
55+
5.0 L L
181
Eﬁ‘mulching: P<0.064
J#i ) manure: P<0.01
BB AL mulching>manure: P=0.04
T 12}
ﬁ &
z
% —
g
3 06
v
0
180T BB mulching: P<0.054
i fE-manure: P<0.01
~ 7B B HEE mulchingxmanure: P=0.097
'ap 120
g
z
gg 80
.8
HE
B 40

MO Ml M2

TRA XS], B r R 2 0 FN B S 1Y C
N &35 Vario El I JCE AL (R ) P55
P & HI¥k H,S0, 1 HCIO, 11 fift B9 SR B T 70 oL
PANRE A SRR SO I A2 3 o ) S
ff 4 U T Mo-Sb-Ve Hua ik (8-4ndi,2000)
1.5 b

KM SPSS 15.0 A4 v 2L X J5 22 73 #r (split-
ANOVA ) B2 B Ak BRI AILAE A B 765 5% i Fi 47)
FEEER C NP & LA, XY P<0.05 FoR i
F5 | P>0.05 JC R E M

2 ERE5SH

2.1 +3EpH Mt R &
HIF A 55 A HLACE & 58 B AR R X 4 3 pH
YA B & (P<0.01, -1 ABEBEEMT AL

20

/B I mulching: P<0.805

i fE-manure: P<0.01

JB BExHEAE mulchingxmanure: P=0.926
15+

TR
Soil C (g'kg™)
5

5 -
0 . .
181
Eﬁ‘mulch'mg: P<0.058
Ji ) manure: P<0.01
BB AL mulchingmanure: P=0.192
1.2

o o3
Soil total P (gkg™)

e
o

al

[ B mulching: P<0.131
i fE-manure: P<0.01
7B X HEIE mulchingxmanure: P=0.677

HIREHBE
Soil avaiable P (mgkg™)
o I
S S

'S
(=]

M2

A HLAEALBE Manure treatements

E1

KEMEBSNEABAVAESEGT L% pH EF C NP RIE

Fig.1 Soil pH and C, N, and P concentrations under different plastic film mulch and manure treatments
TE: MO M1 M2 535 2R IR AR EA UL  m A HURAL I, P IR 2004 . IREEFRIRIREZE (n=3)

Note; MO, M1, M2 represent no manure, low amount and high amount of manure treatments, respectively. The value of P represents the results of

ANOVA. Error bars mean standard deviation (n=3).
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JIE Tt FH 248 i 398 pH ;T B SRAEN  A PLIE it
J& T3 pH A AR &S, At A VUL (MO) B,
RGN 3 pH Tt A ALUIE (M1 M2) B, 25
JEE SRR hn + %€ pH.,

Hi A 25 I A A e AR R AL
WS R TIC B E (P>0.05, 8 1), AL X
T8 C N P & DL R ECRAA R o e A
M (P<0.01) , B2 R IE & p 38 i, 49 Pk 4>
R AW i DA S i RN 80 & s A
2.2 +HEC:N: P AR

TR X+ C/N. /P N/P 4 C B 3 5
(P>0.05,&2), #Rifi, AHUIEHE XS 148 C/N .C/P
N/P ¥4 W 50 (P <0.05) , jiti FAK & A HLE
(M1) ANes £33 C/NHit H & A PLIE (M2) &
AR 48 C/N it ARG & A s S AT AL B 25 R 1
e C/P FN/P, H A %) A2 B2 Bt A HILRE Jite i
.

2.3 EAKRAZLC NP TE

AT S X0 FOK 28 o R Sih ¢ HE A
B E R (P>0.05, 3 2) {H 1 IIAR 2 ik & it
(P=0.027) ;% T2 o, M7 36 X B oK 441 40
FIN S EHBA I (P>0.05) ; Bk TH L Z 40, H#
JEEE X BB AL b P &R YA R E
(P>0.05) .

Mt FH A HLAE 1 2 3 m B R AR ¢ i
(P=0.012) ,MXHEERHAL C T EEA B EZ
M (P>0.05,3% 2) . A MLt FH 5 2538 £ oK 25 |
M AR RS N S i (P<0.05) | IRRlE A HLIEE
ARG O, I A ATLIE 3 AR A
S P R (P<0.05)  fHXFZE R P SRR
F50 (P>0.05)

2.4 Tk C:N: PR

MR T 0T oK 2 it AR AR S C/N . C/P
FIN/P YJJ0 B E W (P>0.05,% 3) , [B4F52 C/P
PISM(P=0.001), A HLAEGH B3R T FoKR2E
M M FFSEEHZRY C/N(P<0.05) 58 HUIE i X
T FRAFS0H C/P(P<0.001) , T %25 M AR /P
B B0 (P>0.05) ;A HUIEHE I3 & 14 hn 1
Fok2ZE i MR N/P(P<0.05) , TXTFFS2HY N/P B
0 (P=0.065)

iR 5 A LA it FH 10 58 A X 25 Rk sk
HFH) C/N S8 0 (P>0.05) (BT HFIFR AY C/N
A B EFW (P<0.05) 5 38 HAE AU FFEH) C/P 52

16
¥ mulching; P=0.219 OAEE No mulching

HEFE-manure: P=0.027 W Mulching
P B HEAE mulchingxmanure: P=0.181
12

+HEC/N
Soil C/N ratio
o

#r B mulching: P=0.336
JifiHE manure: P<0.01
BB AL mulchingxmanure: P=0.787
18
g
g 5
&S 12
N3
wm

HAN]

2.0
& i mulching: P=0.455
Wi B manure: P<0.01
1.6+ BExHiIE mulchingxmanure: P=0.906
K=]
e B 121
&S
Hz og}
v
04}
0 , ,
MO M1 M2

FEHAEAL 3 Manure treatements
B2 KEMEBEZMEAGNEEGTEEC: NP
#it B
Fig.2 Soil C : N : P ratios under different plastic film
mulch and manure treatments
MO M1 M2 435 Fm At AL | rb A7 HLIC | v AT ML Ab 3
PAERR I 250 ah R, IR EERIRIRNEZE (n=3)
Note: MO, M1, M2 represent no manure, low amount and high amount of
manure treatments, respectively. P values represent the results of ANOVA.
Error bars mean standard deviation (n=3).

M % (P=0.008) , M X F2£ nf MR C/P KR
SN 5 78 PR A 22 B FXT T oK 2R I AR AFSE
N/P ¥JEAF2m (P>0.05)

R I B

3.1 BN L HERIARR CNP ALt
BELE 30 AF A AL P L pH A7 E 2R,
SRS O 2= 1 45 (2009) WF5E — 3, A A
PLALH , B2 38 i L8 pH (18] 1), T g A o B
FEEXT - MK 73 78 S B W T B 1 6 pHE, 3t A



TP R S A MLAL G XA H R SRR C N (P Aot i oa i 5 1195
x2 EXRBHFECNPIERFESNER
Table 2 The concentrations of C, N and P in maize organs and results of ANOVA
FREE TE AN No film mulching FEME Film mulching PA{H P value
Com Element MO Ml M2 MO MI M2 Bl WAL BB
tissues (g-ks™) Mulching Manure Mulchingx
Manure

EA C 445+2 436.2+3.3  449.8+0.1 439.8+1.2  447.9:1.3  442.1x0.4 0.361 0.673 0.004
Stem N 3.5+0.8 4.4+£1.5 9.41+0.1 2.9+0.1 3.6+0.3 8.1x0.1 0.160 0.000 0.877

P 3.8+1.3 5.8+0.8 4.4+0.0 5.7+0.1 3.4+0.1 3.8+0.1 0.963 0.461 0.157
- C 413+0.8 396.5+0.0  406.9+0.3 403.5+1.7  412.1£2.5  410.9+0.3 0.378 0.636 0.013
Leaf N 4.7+0.1 7.0+0.0 17.5£0.2 5.1£0.3 6.6+0.5 10.7£0.1 0.000 0.000 0.000

P 1.0+0.0 1.7£0.9 2.4£0.2 2.2+0.8 1.3+0.1 1.3+0.0 0.784 0.784 0.149
R C 355+5 417.5£10.3  425.2+1.1 411.6£10.9 420.3:144 - 0.027 0.012 0.038
Root N 4.9+0.1 6.2+1.1 17.7£0.1 4.6+0.0 7.2+0.7 - 0.562 0.000 0.277

P 1.4£0.3 3.4+0.6 2.9+0.0 2.6+0.7 3.4+0.3 - 0.258 0.047 0.296
FPoE C 440+7 435.5+5.5  444.6+0.7 4452+1.7  4449:1.4  446.2+1.7 0.121 0.437 0.607
Seed N 9.1x1.4 12.6+2.0 15.6£1.7 10.8+0.2 10.9+0.8 14.9+0.3 0.865 0.014 0.420

P 2.9+0.1 3.4:0.0 3.4£0.0 3.2+0.1 3.4£0.0 3.7+0.1 0.001 0.000 0.066

MO M1 M2 2 s AL  Hr e A WU S A HUIRAR B PR R T 22 i 45

Note; MO, M1, M2 represent no manure, low amount and high amount of manure treatments, respectively. P values represent the results of ANOVA. Data

shows as means+standard deviation (n=3).

R3 EXKEE C/N.C/PNPREESNER

Table 3 The C/N, C/P, N/P ratios in maize organs and results of ANOVA

Lo BRZERFIRARIERE (n=3) , “ =" FREURAKN

ERNE %3 A No film mulching ZEBE Film mulching P {H P value
Com P MO Mi 2 MI M2 i W I -
tissues Element Mulching Manure Mulching *
ratio Manure
£ C/N 133+31 112.1£38.8  47.8+0.3 151.1£5.6  126.8+¢12.3  54.9+0.3 0.463 0.012 0.968
Stem C/P 131+43 76.7+10.6  102.0+0.0 76.8+1.0  131.7+4.9 116.9+3.3 0.916 0.754 0.185
N/P 1.1£0.6 0.8+0.4 2.1+0.0 0.5£0.0 1.1£0.1 2.1£0.1 0.508 0.008 0.520
i C/N 87+2.0 56.5+0.0 23.3:0.3 79.7+4.0  62.8+4.3 38.5+0.2 0.110 0.000 0.015
Leaf C/P 423.4+3.0  333.1£175.1 171.6+11.1 216.1£81.5 331.2+32.1 328.7+0.2 0.783 0.579 0.169
N/P 4.9+0.1 5.9+3.1 7.4£0.6 2.7+0.9 5.3+0.9 8.5+0.0 0.689 0.049 0.494
Uit C/N 72.2£2.3 69.7+10.3  24.0+0.2 89.8+1.9  58.8:3.6 - 0.538 0.001 0.038
Root C/P 273.1£54.4  126.4+26.4  148.6+0.7 172.7+42.7 126.9+16.6 - 0.206 0.070 0.203
N/P 3.8+0.9 1.9+0.7 6.2+0.02 1.9£0.5 2.2+0.4 - 0.236 0.012 0.125
L C/N 49.7+7.1 35.5+6.1 28.5+3.0 41.1+1.0 41.0+3.1 23.0+0.8 0.850 0.025 0.312
Seed C/P 153.8£.1.9  129.6£1.2  131.2£0.2 138.7¢1.7  129.7¢1.9  121.9£2.0 0.001 0.000 0.008
N/P 3.2+0.4 3.80.6 4.6£0.5 3.4+0.1 3.2+0.2 4.1£0.2 0.425 0.065 0.543
TE: MO M1 M2 435I FRAHEAL P A HUIE R A HUIEAL B, PAEFIR T 20T R, IREBRIRIAERE (n=3) . “ =" FRBAARAGI

Note; MO, M1, M2 represent no manure, low amount and high amount of manure treatments, respectively. P values represent the results of ANOVA. Data

shows as meanststandard deviation (n=3).

T EA DR AR RV E T (R AR T IR 2 7K i
TR (L EREE, 1998 ; X [E 45 | 2006) |, 7] i 75
BRI TR, S BT R e I P e R 2 +
AR (A 1995 555 ,2005) , 16 i+ 1€ PH
Ths, HbPETE SRR T M1 A M2 AL BRAY + 35 pH,
A RESE B A A AL S R SRR T AR in
TR MR RN MR A W, T A AL A
fift, HbRRBE TG T 3 R B IR A AR
B, AR HE C 0 N o P ARSI A W
(P>0.05) , i BH MR AT 55 AN k028 H 35700 & i,

T b B 5 2 S5 ) - S IR BE FUK 3 ( Ding et al.,

2019) , 3% B WK A FR5E I B2 F K S5 19 42 16 AT RE XS A=
SRGAF IR %”I’Vﬁﬁﬁ
SRR U, i IRAT 5 AN R ) T K AR 2R -2 2

C.N.P &&(K 1), SR, Hb BT o 38 ks 5 b i

FH(F£2),1X 5 Ding 5 (2019) &5 —2(, W]
iﬂﬂﬁ%é’gﬁi&T*ﬁ%ﬁ@eE@[ﬂﬂﬁl P EORAE Y
A BT X AT RE R PRI Ry 2 T o b IR R o+ S TR AL
WB’\JEWC, AROHAPORE T R T B i 1 A AR
BEFRYB, Ah B R AR R et
VEY R Bl R I AL Dijkstra ff( 2012) HRIEFE AR S
75T HOKIFRIE,
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3.2 it A HLAEXS T SRR R A 2 T A R

BT KW AL 28 n 1 4% pH
(B 1) 0 TSR — € I REZAE T X 2 th T4
JEEAE & T, R RLRR T A 9 g R 1 BH
o KA PUER I T Rk 2R 2
i JFHBEE AV E R MM m (& 1), X
e TAYUEA S S A KR C N M P IR,
5 C/P N/P BEAT LA it 2 g S i A AE it
REA AN, — 2 AT REAHLIE 8 C/P N/P AL
I, 2 AT REAE MR XS P Y MOk B AR A, X T C
N kUL, B2 P ot REEELZ T,

Mt P A ALAE A A KR H L0 N &
W 2) X 52 AE (2009) OSSR —2, X
SR A UL S in 1 5 N £ A (A
1), NI T F KA AR X -8 N ST ZR R,
R B EKRA L C S A, KA HUIE i %
R T EARZEHLER C/N(E3) . BIE YA
Ry g pop g () H 23 T AR
ko P, RN 22 AN b P B I 5
(£2), FMSE (2010) tHiE 1A HLIE ] AL
IVEYRF 2 h P, E PR AP RLRE B8 & R
FUBTIHFER i ) = B R IR (ATP) fif P TR kA7
T2k ( Chapin, 1985 ; Gusewell et al.,2002) , Ding 4§
(2019) WAZIE T P LR S nikr s K, W
A HUIE it AR T KRS C/P XS 2E
AR C/PIRAREELW(EKS),

L LRI, IEAERI C N P AL2A it B
Kt A LI T AR A (H 52 3 IS o A 52 MR/
KR RPN T ES RGN
Fa 2 ( stoichiometric homeostasis ) iR 1% FF: A B 375 1M
B (IR B, K o) AR RS R G AT e
SRR NS, ARSI FEAR R Z
b, BIOR BRI 5 R 2 -3 T i b B ey 75 i 7E L
I RS v HE IR B E

S 30k

H—i, 3k 2%, A, 45, 2019. ¥+ BB XA [F L )
FT7 A e Sl b A S A R R, T R X
P A5, 37(4) : 117-123. [ Bai YR, Zhang X, Bao WB,
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