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Ecological effects of within-row mulching on soil microsites in walnut orchards
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Abstract: In recent years, walnut ( Juglans regia L.) has become one of the state strategic economic tree species.
However, although traditional soil management practices, such as intensive agriculture and deep tillage, are both time- and
energy-consuming, they are still used in most walnut orchards. Therefore, it is imperative to develop a simple and effective
soil management strategy to replace traditional practices. In the present study, we investigated the ecological effects of
within-row mulching in soil microsites, which has been very popular in both Japan and America, and established an
effective soil management practice in walnut orchards. Precocious ‘ Lvling’ walnut trees in full fruit were used as trial
materials, and soil ecological conditions, such as soil moisture, soil aeration, mineral nutrition, and three kinds of
microflora ( bacteria, fungi, and actinomyces) , were studied in response to continuous within-row mulching. In the 2014
growing season, we found that the variation coefficients of soil water content of the 0—20 cm layer of soil mulched with
dairy manure, wood chips, alfalfa, and control (non-mulching) were 9.27, 10.27, 12.15, and 13.29%, respectively, and

the maximum amplitudes were 1.86, 1.95, 2.17, and 2.63%. Meanwhile, the average water contents of the 20—40 cm soil
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layer were 13.23, 12.46, 11.77, and 11.43%, and the maximum amplitudes were 1.58, 1.61, 1.71, and 2.44% , whereas
the variation coefficients were 7.96, 9.49, 9.70, and 11.11%. In addition, continuous within-row mulching reduced the
maximum amplitudes and variation coefficients of soil water content, which indicated that the soil moisture was more stable.
The soil bulk densities in the 0—60 cm soil layer were 1.34, 1.38, 1.43, and 1.48 g/cm’ ; the total porosities were 37.62,
36.19, 35.29, and 29.03%; and the maximum water capacities were 752.40, 723.80, 705.87, and 580.67 t/hm’. In
addition , the density of three kinds of microflora (bacteria, fungi, and actinomyces) were 430.94x10*, 208.87x10*, 183.
42x10%, and 160.46x10* cfu/g, in soils mulched with dairy manure, wood chips, alfalfa, and control ( non-mulching)
respectively; the Shannon-Wiener indices were 0.62, 0.58, 0.41, and 0.30; and the Simpson’s diversity indices were
0.24, 0.21, 0.13, and 0.09. Therefore, our findings indicated that both soil aeration and microbial diversity were improved
by mulching. Principal component analysis further indicated that the comprehensive scores of soil fertility with mulching
dairy manure, wood chips, alfalfa, and control ( non-mulching) were 0.61, 0.26, 0.09, and —0.96 and that the
comprehensive effect order of the various fertility factors on soil fertility level was: organic matter > total N > total K > total
P > water content > soil porosity > bacteria > fungi > actinomyces > soil bulk density. Therefore, the present study
demonstrates that within-row mulching is beneficial to the development of soil microsites and that dairy manure was the most
effective among the three mulching materials investigated, followed by wood chips and alfalfa, respectively. However, in the

long-term, the effects of within-row mulching remain unclear and require further investigation.

Key Words: mulching; walnut; soil microsite; ecological effect
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The soil water contents of 0—20 cm layer in 2013
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Fig.1 The soil water contents of 0—20 cm layer in 2014
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Fig.3 The soil water contents of 20—40 cm layer in 2013
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Fig.4 The soil water contents of 20—40 cm layer in 2014
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Fig.5 The soil water contents of 40—60 cm layer in 2013

B 6 2014 SEBEAIE 40—60 cm T EHIEESKE
Fig.6 The soil water contents of 40—60 cm layer in 2014
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4K AR K o B AR R, 2 3K IR ST

20—40 em 12 X LR MR R EZ MK, ZRa W ES A RN RE , 8 5 03 + 1
R FK I TR RS CK (R 35 4 2R A BRI 38 i 3 K S IR TE 13% ) I, RIVERFRAEAZ A I
KT KA BN, T H B AR I CK 37 13% AT 5 78 35 A B (1) 4= 498 ot i 55 /K d2 A8 Ak die K AR T 12 A% 53
FEFWENTRERN CK, 52013 £ LH,2014 F8 555 , 5 55 A0 3 39857 875 7K 8728 Ab s KR i &
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Table 1 The soil water contents of mulching treatments

2013 *rF; 2014 *rF; : o SRS REL
)2 Ab B ) BRI ERR . BRI BRRK Total
Layer Treatment A Maximum Variable Sl Maximum Variable Total variable
Average amplitude coefficient Average amplitude coefficient average coefficient
0—20 ecm  AFFHE 16.26a 2.84a 11.02a 15.72a 1.86¢ 9.27¢ 16.01a 10.18b
HEWARE 14.85b 2.99a 11.64a 14.98h 1.95¢ 10.27¢ 14.91b 10.40b
HEET 13.83¢ 2.92a 12.14a 13.56¢ 2.17b 12.15b 13.71c 11.68a
CK 13.46¢ 2.53a 11.85a 13.23¢ 2.63a 13.96a 13.36¢ 12.32a
20—40 em B3 13.46a 1.62b 8.31b 13.23a 1.58b 7.96b 13.35a 8.07b
BEEEA)E 12.48h 1.65b 10.31a 12.46a 1.61b 9.49h 12.47a 8.89b
B E 11.64¢ 1.94h 10.61a 11.77ab 1.71b 9.70b 11.70a 9.06ab
CK 11.14¢ 2.42a 11.03a 11.43b 2.44a 11.11a 11.28a 10.19a
40—60 cm I 12.78 1.03 6.38 13.23 0.98 3.65 12.99 5.74
AR 12.61 1.11 6.78 13.03 1.05 3.67 12.81 5.69
R ET 12.46 1.12 7.03 12.85 0.96 3.80 12.64 5.66
CK 12.32 1.14 7.06 12.71 1.14 4.00 12.50 5.37

2.2 M7 B A HEE SR B A S

BRI 0—60 cm )2 H IRV ARG SCFEbr iR 2, 5AREIEN CK AL, A IR A E A
FrREAR, rp B S5 A 2SR SRR B A B A E R E M T ARE SN CK (H o E TR R EE HEL
MERES CK ZE TR EES, MR 2B LIE N, SO0 B LI M S LR | 25 5 — 30, BRI
7 T AL 2 = TR RE W CK 8 56 2P 2 A 1 Il 25 5 T T AR i I A A3 7 S R B A S A
fEAb Mz B Te 2 25 5, IR E A IR AL IR R R E SR e PR R, o LR A A 1 R
IKAFBIRETT . AL B RK i 5 oK i 25 55— 30, W3R 0 78 55 A 3 W 35 T CK, = i 4
FERL I 0 2 = T SRS AL B, A R R S T E B, A B R E S T CK,
2.3 b S RS R ARSI

BB 0—60 om LJZMFEA S RANFE 3, S A B A MUT R 2R S A B S TR S
CK, HEFaSmY R E S TAREEN CK b 4 2803 H AR & Mem S m e E e T
A R R A, A SR B W S T ORI T T A A
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R A PR B G (ECRT & AR/, i3 3 R B A PR A AR B RS R B TR

Wi K, B 55 R FE R AR R & b d i, 3 v T OLABAR B phy R 0, 8 i v DA — e R B2 b o O

AIFRIMIRTL , FOR N S R AN R] B S BN A A — RE 25 52

T2 BEHIE0—60 cm TETIEEBSIRA

Table 2 The soil aeration condition of mulching treatments in 0—60 cm layer

pT— FLEREE Porosity/ % Fi/K & Water capacity/ (t/hm?)
w ) ] - = =
b . - . . EELLBE BEALBRRE TERKE TR B
Soil bulk density/ LR
Treatment 3 ; Non-capillary Capillary Capillary water Maximum
(g/cm”) Total porosity . . . .
porosity porosity capacity water capacity
7 35472 Dairy manure 1.3420.18c 37.62+5.07a 3.07+0.13a 34.55£3.05a 691.07+21.36A  752.40+36.13A
AR Wood chips 1.38+0.28bc 36.19+1.31b 3.05+0.72ac 33.14£2.07b 662.87+25.46B 723.80+32.14B
HEETE Alfalfa 1.43+0.11ab 35.29+4.33b 2.97+0.86ab 32.33+4.37b 646.53+33.20C 705.87+27.07C
CK Control 1.48+0.21a 29.03+3.18¢ 2.80+0.22b 26.24+2.25¢ 524.73+18.14D  580.67+19.09D
ARG FEERIRTE 0.01 /K L2, ARVNE FRERIRTE 0.05 K 285 B
K3 EBEEHE0—60cm TEFHEE/ (g/ke)
Table 3 The nutrient contents of mulching treatments in 0—60 cm soil layer
Jb3 AL £ X0 ol R A U A
Treatment Organic matter Total N Total P Total K Available N Available P Available K
7 55 £ € Dairy manure 10.56+1.16A 0.95+0.02a 0.89+0.02A 9.00+0.32a 0.043+0.02a  0.030+0.01a 0.048+0.07a
AR Wood chips 8.16+0.96B 0.76+0.03¢ 0.77+£0.08B 8.16+0.13b 0.038+0.01b  0.026+0.04b 0.036+0.02b
W ETE Alfalfa 7.81+0.58B 0.91+0.05b 0.73+0.06B 8.12+0.76b 0.036+0.01b  0.024+0.03b 0.034+0.05b
CK Control 6.56+0.32C 0.72+0.02¢ 0.48+0.04C 7.33+0.54c¢ 0.029+0.03¢ 0.019+0.02¢ 0.027+0.05¢

2.4 b A TN IR IX R AR

BAAL I 0—60 em )2 = RBUEY) IR HA BRIk 4, B S0 B AN G LT ik I B0 B i
YRR & T ARBE RN CK, o A w4 FE b B A W Bk fe IR T A AR B A
Y 430.94% 10%4/ g 5 B 3 8 A JiS AL 380 400 T 50t RV A A0 0 e A0 A0 35 v T i A L S A A B
B FL TR AR A I 3 e TR R AR S AL B 7w R T A B e R B R B A P M TC W 2 e
P e 20 5 R ARG IR | SR AR UIAR G, TRl P 3 Sl s 2 g i O
BLLA L -3 rby Wy Jon JE AR B A AR AN AR B B 2 1 SR E R, Tk T S Y T
BRI FEAIRICEE . B4 - B N850 ( Shannon-Wiener Index ) F127 % 7% 22 #£ 448 %X ( Simpson’s Diversity Index)
IR AR, th 3 4 al 0, B AL BEAY A A - BN R B (H D) Ao AR 2 FEPE 1R B (D (B B 38 &
TARBRR CK, NIIASY, B R e 1 b = R Wi Z a0 LS A RUE Y F e E
5] 3K AT REE T TR R R T R R G SRS RS A AR T A AR B

F4 BELE0—60 cm TEZAMEYR ZHRMENBER SEFEEH
Table 4 The microflora quantity and diversity index of mulching treatments in 0—60 cm layer

e éﬂijil;/ E:Ei/ ﬁﬁl%é/*[??/ E&%\/ ) i
Treatment ( Xf:z?clelri;g) - ll?unlgi/g) (Ail]i(r)lonlly/mgez v ]gol;l/g)
7 354 2€ Dairy manure 371.76+11.25A 55.69+1.23A 3.49+0.32a 430.94+12.80A 0.62+0.02a 0.24+0.01a
BRI HEATE Wood chips 184.08£13.02B  22.2+1.12B 2.59+0.12b 208.87+14.26B 0.58+0.02b 0.21+0.01a

ETE Alfalfa 170.63+31.57C 10.55+0.96C 2.24+0.28¢ 183.42+32.81C 0.41+0.01c 0.13+0.01b
CK Control 152.94+8.69D 6.27+0.58D 1.25+0.08d 160.46+9.35D 0.30+0.02d 0.09+0.02¢

H AT A -8 5K Shannon -Wiener index, D S35 £k ZFE 484X Simpson's diversity index
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2.5 b 0 R IEER G HE T K

2,51 AR TR E R AT

DL S Bk | IR | RGBT A i 2 DM E YR AE 10 MR AR R T
T EE R AN 5.6, FLRIEE ) 2014 ARINIE , Lk 3 MRRIEER T 1 BT B —
BAT IR F (075 22 BTRR N 46.65% , T I FLBRRE B 43 - HEFR (5 BFE % oy sk nr v , IR L oK 7 SOH
FEATRF 28 TR R T 22 5Tk R 36.18% , 055 T 3K 4 T A A 915 B IR DR 7, 58
TR T 58 = s R I R e, T By SO BRI S U
PR T EAROT 22 DTl R Ty 82.83% , KA IR 75 T T A B BRAL M I B A WA B AT DA R R R HE A IR g

fiE 53 A~ F 3 1 BATTER R Ny 93.69% , AT LA4x 1] S I 3 (A JTRFAIE

R5 BREIMSEFHHLE.FERHKE
Table 5 Eigenvalues and proportions of the components
F T FHIEE Ji 2 TTHRE/ % e
Component Eigenvalue Proportion Cumulative
1 5.421 46.651 46.651
2 3.782 36.179 82.830
3 1.385 10.860 93.690
®6 EMSETFHEER
Table 6 Component Matrixes
HF Factor F, F, Fy A F Factor F, F, F,
T4 K & Water content 0.114 -0.931 -0.173 || H4E%H Soil bulk density 0.011 0.121 0.939
T HEFLBRE Soil porosity 0.951 -0.121 -0.158 || AHLBT Organic matter 0.721 -0.763 -0.006
2% Total N 0.947 -0.301 0.322 || 4% Total P 0.996 -0.294 -0.052
A4 Total K 0.712 -0.738 0.315 || 4074 Bacteria 0.415 -0.963 -0.048
H A Fungi 0.830 -0.565 0.306 || LA Actinomyces 0.837 -0.617 -0.122

N2 323 PR 28 e A8 RS AR R REAE 1) ot A5 3 A SO - 3B B T AR AE 1 FE i Rk X
Y, =0.049X,+0.005 X,+0.451 X,+0.310 X,+0.407 X,+0.428 X,+0.306 X,+0.178 X,+0.356 X,+0.359 X,
Y,=-0.530 X,+0.062 X,-0.062 X,—0.392 X,-0.155 X,—0.151 X,-0.379 X,-0.516 X,-0.291 X,-0.317 X,
Y,=-0.147 X,+0.883 X,-0.134 X,—0.005 X,+0.274 X,—0.044 X,+0.268 X,-0.041 X,+0.260 X,~0.104 X,

AP X, X, Xy X X X X, X X X, 70l O e i Bk i | R RSB A LB A

S A AN R R

4 DA PR AR AL (A CA RGBS, A 2 977 22 STRR R S AR, X 3 A o AR A, 743 21
FALPRER G AL S K150, e 7, B AR B AR F KR TORBIEEAY K, 1X Ui I 5 T LLAE AN TR
FEJE b et HIENE T PIRBL

=7

Table 7 Principal component factor scores and soil fertility level comprehensive scores

ERENERSEAFRORLTERAKFEERS

Jigii F 5 F15 43 Principal component factor scores LEAFEAN A HES,

Treatments Y, Y Comprehensive scores Ranking

7 %472 Dairy manure 0.33 0.66 1.57 0.61 1

B ETEASE Wood chips 2.94 -3.52 0.28 0.26 2
L Alfalfa 0.30 0.28 -1.27 0.09 3

CK Control -3.57 2.58 -0.58 -0.96 4
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2,52 HIENEIHA @R AT

TEE WG il b R AR 0y 5 vk i oE 1 R Bk & | AR | R AL AL
TR AR A A R YRR S 10 NMERR S RHEAR KO SE R InER 8, tEE 8 A, IR
K AL A R R K AR AR E RN, I HAX 4 AN AR B AR RBEOR, TS A
SRR T K A LR Ny, LB R R A K | AN R RO S R AR K
FEARIESLN T A A AR SR AR A A TR A TR A 33 ek L RS Rk - AR 7 KSR AR IE

2 R AR IR 1 KOV B 255 5500 R B B HEE AR R BRI A 0l 48 R B M, il TR AT 2R A K
N RECRIA X, >X>X,>X >X >X, >X >X > X >X, , Ho ) B X, T B 020N FHGH , 285300 &
B,

a5

N2

®8 BrEERSIERAKTEANERRY

Table 8 Path coefficients between soil indexes and soil fertility level

TiH JERSIEEE R 133872 2% Indirect path coefficients
Item Direct path coefficients X—Y X >»Y XV XY XV X~V X—oY XV XY XY
X, 0.539 — -0.103 0.039 0.013 0.008 0.064 0.011 0.025 0.097 0.057
X, -0.623 0.097 — 0.196 0.055 0.054 0.186 0.047 0.031 0.082 0.047
X, 0.077 0.217 -0.357 — 0.002 0.059 0.034 0.061 0.412 0.097 0.131
Xy 0.681 0.053 -0.078 0.054 — 0.072 0.027 0.056 0.065 0.008 0.040
X 0.418 0.091 -0.022 0.062 0.211 — 0.032 0.007 0.037 0.050 0.090
Xg 0.368 0.017 -0.043 0.017 0.133 0.048 — 0.046 0.063 0.068 0.041
X 0.323 0.025 -0.059 0.015 0.228 0.015 0.043 — 0.053 0.046 0.099
Xg 0.160 0.011 -0.107 0.211 0.025 0.119 0.193 0.012 — 0.038 0.027
X 0.116 0.055 -0.144 0.255 0.071 0.068 0.053 0.059 0.075 — 0.057
X0 0.120 0.071 -0.026 0.171 0.086 0.088 0.036 0.026 0.039 0.053 —

X=X, IR TR ki SR IR AL A PUR 2R 2 e AR e, Y UL

X,—X | represent water content, soil bulk density, soil porosity, organic matter, total N, total P, total K, bacteria, fungi, actinomyces and Y represents soil fertility level

3 FwErig

TR AR PR A R TR K 0 B ERSR IR, FEE R E F R B LR RORDL . A OF 5T R I kI
AR I 7K 43 Ry B ) S KK B 19 55%—90% , B 398 i it 3 /K B AE 13%—22% 2 (], fie i H 7] i
KEFKEH 60%—80%" "™, LEABETE Y, T 5747, RIS 9K AR SR MU | 8 S Ak B3 A -3 0 o 5 K
EPIEAZ M IEF A KRG 10 CK A 3 i 35 KR iR i 0 2 4k Tl FEE = I SE LT
FEREA M I A, B St Ak B ) A B o 5 R 3 R TR B 3 1 CK, 28 5 R B e RAZ W 339 /N TR
CK, X R W s A AT DL e e ke iy LA — e R BARE T KRB, X —TJ7 e il T )
AR PRKAE T, 25 S 0 AT AT 8 B 246 S 4 A, X M AT — 2 ) DRI 40 P, Dl 1 T 28 O ARG PR 2 £ 1T, A
M 1 3K I M ISR ; 55— 5 T2 B B s AR AN IR 20k M, L3 b A S 9B B B i g i, &
SErb AR Y AR R BTG IR, NI s 1 S FLBUIR B , S AR B - 3 mT DUA R0t 38 FRA CK 3 22 BT K (T
7K, PAPRAIE A S B 5 /AR A TR BT KT

F LB R R S e S PR ) B SR, R R R R R A ORIV W A R T R E E A
FEZA I B LB PR/ S AR TR A B RE T L AR R B B REAR T L
T AR, R T IR HOKRE ) R B R A e R A BCR e , LA TR R ORI R
H TRl B S AR i, SR B B R R, S R YR S s R I, T T A AL
BARDL , S 1 HIERORK EOKRE ) ARG 1 IR E AORBL . AL, A SR L A S, e T T
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A S AS B AT, M A s T DA e R e, RO TR AR Y AN Wi TR R
FRZK TEBEK IR ) e b 31 1 R R o  d, 50— 7 T L SOIRGUAS BUBGE , BUE W shid Bk A M T
TSR A BUS R A TR AR, b B R AR SRR B R TR A A E
(R JEE A ISR, T A RO FOC R BRI — A IR R, B 2 4 2 RS FF B o M mT 400 5 5t e AR B - g
AR s BB LTS RO P R R R AR A R 2

AR, SEGHHE AL, SR EERHEA R T F & LR SR e R LR
T HHUESRGEMNRRENESTY S AR gD B R AR A BT AT R T B Y B TR S CK,
RIS T e R A A A A TR I A R B B AL B A A — AR AR RO AR 2
VRS BOS 3% m TORBE R0 CK, UL 5 n] DU v TSR E Wit ve Z R . TSR Y e pLs A
Wy 5 i) g A A AN DA QPR T, ARG Sl A A T LS ATR S M T 1, IR, 2 8 iR B 2R
AR R T RS AL ARLR | R e 1 RS R SR R,

i E IS T IT I SR PN T R S A B AL K B SR A PR AC 1K R T CK R B R R
FERE AL T3 AP fi ey, B TR AR BRI 2 i B e AR PR R iR S BT S L TS AL SR AR AT LA
HARME T R py A4 3€ , BB 0T R ARBOT DLORIERE A E 755K, IR A e R e 2, DI 22480t vl A7 1
Bow, g A St ] DUBCH R, S PR e R M B AR, 5 A e Y A BRARE CUR L 2 0t B
PEATE R 848 7, HA AT IR ARSI A, (HUR R RSB A 52 M), 0 A HILIE AL ot % 3R 58 A 52
Wi, A fp it — L

2% 3L HR ( References)

[ 1] RKHG, BB, DRAGWS. 150l DX P SR el st A SR AR 2 s 0l AR SO 5. oh AR 2SRl 254, 2004, 12(1) 1155-158.

[ 2] Pande K K, Dimri D C, Singh S C. Effect of mulching on soil and leaf nutrient status of apple ( malus domestica borkh) . Progressive Horticulture,
2006, 38(1): 91-95.

[ 3] 90y, RFHE, 200, SFEE, SRS, RGFYE, 450, RZh. A w5 2opk b i S0 vE B2 . K A2, 2014, 28
(4). 158-162, 182-182.

[ 4] JERER, £, Zars, MSOT, RER, Fhaddh, X0, 39228 bl i 2 2 U7 00 1 383 Kk it BRSBTS . bl B
2010, 14(10) . 18-21.

[5] ¥, 2208, whiloy, T4k, SRS E IR RIBHER N 13 K BRIBRBOR BB K 53 R BRI, 4ol TR, 2012, 28
(3): 94-100.

[ 6] #hmmys, T#E, #hiF07, THE, SR, SRS, 2230, 30 MR X ROR () BIFH 1R R H30K 5 AR = i, A0l TR 2E3R,
2012, 28(24) . 129-137.

[ 7] RPr, SREREE, SkHEW, EAT, VET, S6180. ZREIE N BHER T LA FUREY 7= B2 ol T4, 2012, 28
(3): 87-93.

[ 8] WHER, HUMR, TAHME, M. AFE AR B B RLLR TR K A A R . JE Rt B2k, 2010, 25(1) : 5-8.

[ 9] Wortman S E. Diversification of organic cropping systems with cover crop mixtures; influence on weed communities, soil microbial community

Pl

structure, soil moisture and nitrogen, and crop yield[ D]. Lincoln, Nebraska: University of Nebraska, 2012.

[10] Brennan E B, Boyd N'S, Smith R F, et al. Comparison of rye and legume-rye cover crop mixtures for vegetable production in California. Agronomy
Journal, 2011, 103(2) . 449-463.

[11] KM, B2, KRZELL, 25, 200k, R8N0, ORI GuBfRE o o x4 Fh o 4% 58 3 U B0 S B L m S R, T DG BRI BEAR 5 B 2
i, 2012, 5(2): 4-8.

[12] BRI, BRXUSK. SRAZEX ST S RGERRE TER IR, WM 24, 2013, 30(4) ; 578-584.

[13] XU, SRFeR, BRarfe, ZR0RME, SFPEDE, SR, ARG RK RS R A 52 L0 s A A Bk e 9% A PG E M s ). oK R AR Rpid i,
2015, 35(4) : 218-222.

[14] #bH. et Jat. hERL T M, 2007.

[15] W1, RHbE, kA, JUBTE K LA 7 2 20 L3 2K SRV IE. K L ARFF2#4, 2008, 22(1) ; 146-150.

http ; //www.ecologica.cn



10 £ ¥ i 31 &

[16] ¥PLHE, MuEtoc. LHBAEYSPIETI e, Lol i, 1986.

[17]  3EEAEYPITR S, DRBEY SR, s, 9% dtat. B, 1983.

(18] ZE{RE, FrEE. WA BHAREACERAEROR. Jeat, MOl iR, 2008.

[19] XUEE, sklehl, 22378, TMSAEXL, BB /NREAE S E R TR ZRMAE B AR 5 ICOKARE. K -0 Re4k, 2004, 18(6)

[20] ZR4LR, WRER, DATE, bR, Bl S B BOs s A TR PR 398 XUk KO AR O -3 Bk MoIR i S ). AR 28240, 2007, 27
(9) : 3778-3784.

[21] ZEW, B, BT, SRR, HEpk. FHE =00k B SR A ) 2 Re 52 . B AEZS 2448, 2015, 26(3) @ 939-948.

[22] Wu], Guo XS, Wang Y Q, XuZ Y, Zhang X L, Lu J] W. Decomposition characteristics of rapeseed and wheat straw under different water regimes
and straw incorporating models. Journal of Food, Agriculture & Environment, 2011, 9(2) ; 572-577.

[23] Nie SW, Chen Y Q, Egrinya E A, Sui P, Huang J X. Impacts of maize intercropping with ryegrass and alfalfa on environment in fields with
nitrogen fertilizer over-dose. Journal of Food, Agriculture & Environment, 2012, 10(2) : 896-901.

[24] $F%, B, ¥, o R, SRS, SRR BR S 78 A 9 X R X (gMB, ¢CO,). TS5 X P, 2006, 29(1):
115-119.

[25] WM, ARSCH. REFFAE 5 S L VR 4540 5 A R RRAERIT AT, AEZS2#4R, 2001, 21(10) : 1704-1710.

[26] AEJT%E, XURAR, SREF5, Magil, BRiEd, 5 3CEk. Sedhm M 2E Mo s B L 30 0 AN A W e v i 2 el B JH AR 2824k, 2009, 20
(4): 817-822.

[27] WHED5, TAClE, HIEE, £, EWNSC, MRS, 205, BUOK. TEFHE XA L X E £k A mi A Y 2 Rk igm. L5224,
2010, 30(5);: 1140-1147.

[28] WL, X2, WhEUE, URR. ANIRIRAEAR IR B e A B R A . Ol RS 2007, 35(5) ¢ 1423- 1423, 1426- 1426.

http ; //www.ecologica.cn



