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XA AR A I B AR R (2 a 4 a A1 6 a) R FE 22+ (0—20 em) 4R A K AT IRAE , TR FH T 0 ok AR It ik AR 45
#9750 - HE A A AT 0 (52 mm,0.5—2 mm,0.25—0.5 mm F1<0.25 mm) , TE B REREESH > 0.25 mm YU E
PEMTRAR S (DR, ,5) \> 0.25 mm AKEEMERTRAK S 5 (WR, ) P E B AR (MWD) SFRJLA B (GMD) (AR R IR 3
(PAD) JKE&REL(WSC) | R RARA BB & i, 43 Hr 4R A 1 5 38 328 b - U1 RS i 17, 48 P 398 P SR AR R 1k
BHLBRERC 2R s S48 T PSR E L, 45 SR 1 6 a A FUE A 14 0 22 )2 1 SR R R4 B B L B9, ol s FLBR 4%
g A AR A MR o AR R R AR 22 1 AR S X R (CK) B 20.97% ,24.66% F 41.25% ; B AR 3R )2 A R ARy fa ik,
R, s  HLIRRE E PR B AR MWD Fll GMD 12 CK 1Y 82.2% ,74.02% Fl1 59.38% ; %K Fa bk A1 AR AR VR R TAE B (2 a) |
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Effects of film mulching on soil aggregate structure stability and fine root

distribution of rain-fed apple in eastern Gansu
SUN Wentai “~, MA Ming,NIU Jungiang, YIN Xiaoning, DONG Tie,LIU Xinglu

Institute of Forestry, Fruits and Floriculture ,Gansu Academy of Agricultural Sciences, Lanzhou 730070, China

Abstract: Different orchard management methods can affect the growth and distribution of fruit roots, the stability of soil
aggregates and the ability of organic carbon storage, and then change the response relationship of root-soil complex. The fine
root growth of apple orchard surface soil (0—20 ¢cm) with different plastic film mulching years (2 a, 4 a, and 6 a) was
investigated in the dry tableland of Longdong, Northwest China. The combination of dry and wet screening methods was used
to classify soil aggregates (>2 mm, 0.5—2 mm, 0.25—0.5 mm, and <0.25 mm). The aggregate stability index, including

[> 0.25 mm Mechanical stability aggregates content ( DR,;), > 0.25 mm water-stabled aggregates content ( WR ;) ,
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Mean weight diameter (MWD) , geometric mean diameter (GMD) , percentage of aggregate destruction rate (PAD) , water
stability coefficient (WSC) , and the content of organic carbon were calculated. The response of soil physical structure and
fine root growth to long-term film mulching was analyzed, the relationship between soil aggregate stability and organic carbon
sequestration was explored, and the stability mechanism of physical structure of loess soil was revealed. The results showed
that film-mulching six years inhibited fine root growth by increasing soil clay, the proportion of physical clay and changing
pore structure, and the root weight, root length and root surface area were only 20.97%, 24.66% and 41.25% of
conventional tillage (CK) ; The DR,,;, MWD and GMD of surface soil aggregates were 82.2%, 74.02% and 59.38% of
CK; The protective effect of PAD and WSC were 121.17% and 54.56% of film-mulching two years, compared with that of
short-term film mulching. Film-mulching two years improved the force stability and water stability of soil aggregates as well
as the degree of soil aggregates, and improved the soil structure. At the same time, the organic carbon improvement effect of
mechanical stability and water stability aggregates was better than that of film-mulching six years, which was 115.66% and
116.6% of film-mulching six years. Although the ability of large aggregates to hold organic carbon was higher than that of
micro aggregates, due to the long-term stability decline of coated aggregates, the DR, of film-mulching six years was only
82.2% of CK, which was not conducive to the protection of organic carbon, so that the decisive effect of soil organic carbon
level on the stability variation of aggregates was only 29.55%. The frequent dry-wet alternation caused by continuous film
mulching increased the influence weight of clay particles on soil structural stability, promoted the invisible degradation of
the topsoil, and inhibited the growth and distribution of fine roots of apple in the topsoil. Film-mulching two years had a

good protective effect on soil aggregate structure and promoted soil organic carbon accumulation.
Key Words: film-mulching; fine roots; aggregate stability; organic carbon; principal component analysis

H B 2R3 R OE I GHR T 8 I0R BRGRZ R ESE RIS T = K2 — 8 THB R Py AL s
JEMFRA X R4t R S B+ M RURAES + AFSSHE AR . BT T AR A AR ORI £ 2 TR
JERIE L LA YUTTS AR AR A3 , LIRS GBS & A R K i e o iz o 4 vy JRU il
AEALIRIZ, FBCTIRSCR B R | LIRS SRR HEA T, O L Y A R M LA A B2 R R E
TREEKHERE ST TR, DA ISR RO B DR AP R , i v 3 24 = P SRAAARUSE P 24 R E 45 1 34 A ALk
it R e b A DGR
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M B £ HEFR MG S (AL S R B S b RS i S ke o S R TR SR OK A3 T A, LR ST
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AEBRAGHE S , iR A PRI, T R PRI AR AR | JU AR S R R 5 /K R A7 2 A SR PP R 30, W3R = 4 8
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AR R AE N e b 5 R B0 20 6l ey A A 22 5 . KA i A M B S bR A 2R
PRBEE PERR SR A T B B AR, 3 AR K KR (Y R 8 R0, KO S S R AR e i AR
T 221 K B R SR AR (19 43 A IRV S P4 AT SR A B it o o % (ELBE 2R R4 4 9—10 AN KR,
FHERIIAL T T AR, 80% LA B IX TCHEBEZ& 147 DRI, B TSR A R ME S KRR VER S22 5, 5838 0
VUL 5P SR el - A b i A

PR — 1 A P T B A MU 7 1k - e BB A Al T Hp 8 K SRR B 2 Y T
X L EEE B 5T 2 AR P TR [ LR R AC 7 20T AR bt ) - 398 A R R A LB 22 S B
[F AT R A PRI T S B K P A 3 S 2 A ™ i R )= T IR AR e V5 3 R R AR R A
KEAMTR D588 VAL B i R IR A DX 1 P ) PR e AR — B (8 RO ER S SR P L, U1 2 J=
S B AL R R AR R BN O AR N — 2 R e LR A A S R T B AR
PERR XA DS SRl e - AR R Ay T HRp 2 e R LA EE B

1 #MR57EE

1.1 R RS

S T H R P T T B SO R AR RT3 2 S gl Y 156 P (35°24N, 105°43'E) TR
3.34 hm? ¥k 1561 m, AEY RN & 450—550 mm (5 E 5, 7—9 HFEW & 524 70% 0L 1) A& 1
531 mm, 44 H MRNE 2238 h, TEREHT 159 d, AP0 7.1 °C B AL R AU X, 3B 4, s
WM+ pH {H 7.6—8.9, T2 IRIE AP & AKX, WK J15i, HIK 4378 KD TR IZ 3K VR 22,
REHMES, %2R (% 1),

IR R [A]— b 18 a £1H L3RR, fFP K& 2 45 [ “ Nagano Fuji No.2” apple |, ili K 1L & [ M.
baccata (L.) crab apple] , #4174 mx5 m, B EIHEB(CRER,CK) B2 a B4 a FHIE6 a4 MEH, 40
PE1CRIEHECK) s HAb R A 3 i BE S 2 0—1.5 m Y0 Bl PN 78 26 B 0 1 S ( JBEJEE 0.02 mm, T 1.5
m) , fTRHE, B2 | m A4 BAEAT, iR AT, A NI, A0 it B I B4R A, 5 b 3803 BEURR 5 K
INARRL A — B AR SRR/ N X R 5 R A A BRI BB R AT (T B ) o IR BRBRUE R e B
RAE 5.5—4.8 m Z[0] , W& 7E 3.5—4.0 m Z[a], E T = ETE 0.8—1.0 m Z[H], #5 Ab U ABAR G A3 — 2,

F1 XWX TEEAER

Table 1 Soil physico-chemical properties in test area

i H Ttem 0—20 cm Ui H Item 0—20 cm
4% Total nitrogen/ ( g/kg) 1.27 B Available K/ ( mg/kg) 377.04
27§ Total phosphorus/ ( g/kg) 1.12 pH 8.35
24 Total potassium/ ( g/kg) 16.86 FRL Clay/ % 9.7
FHHLF Organic matter/ ( g/kg) 14.69 YyBEYEFERE Physical clay particles/% 56.75
W% & Alkaline hydrolysis nitrogen/ ( mg/kg) 96.25 JESZ%E B Compacking density/ (g/cm®) 2.18
AL Available P/ ( mg/kg) 473

1.2 8k Bl e

2019 SR R L AR g (REICR G By ) SR A R 2k R HA AR R 040, TR o8 - G
WIEEATM T ZE K 1.5 m, %6 30 cm, 3K 40 cm (20 ecm — 2 ) BYULIMI VA | SRAEAR 2R (AR VR 8 2 AT e BE B8 3=
30 .60 .90 120,150 em AL HE AR R ) , BUCKRAHE S WEE , BEE 1 WK, 760078 5 1 L 30 cmx
30 em AR LR W4 RFA PIRE T 7E HHEX BN 20 emX30 emx30 em AR 242 ECH K BUE 3 bR 2 225
TKUELFR I LR APRICAF % 348, FOR i G4 M1 S0 80 %, W EPSON Expression R R R A5
WINRHIZO R R /P AR AR RIE S5 . AR R AT BRI AR R /NGO BE T, i A A7 2818 /K i
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TG0 175 B SR KR P | TR B P 1 R MR R A7 B, LGB AR 2R 22 IR AN A ORI &, i AR R 8
B R M K AR B 45 40AR (R<2 mm) 7E 105 °C F#Ef745% 30 min, 80 CHHIR N4t 218
i MER R AR,

AR AR K AR K & AR

FEAR (em/g) = BR K/ T BTt (1)
MEEE (em/em’) = BHEEK/ KRR (2)

SRR AT, T Gale Fl Grigal 11 HOFE T3y B2 MO R R 140 0
Y=1-p (3)

AP, Y R BIREE d B R AR R0 E0 (0 BUETE 0—1 Z10)) 5d 24 2R (em) ;8 AR R KH|
S5 FRE B UL RTERZE L5 A LU s B AR U AR R A rh A THE M R i )2 b, i a] LU
TR Dy M Dy, 73 BIZR R AIARAR S R AR 309% F1 50% I TR .

SRR A 8 R B SR IO B AR B (20 mx 15 m) SRAEFJE I (0—20 om) BN, BEHLESE
5 ANBURE S R HIERER AR AN 1 A HEEA 1 kg, 28 AE T & oz 015 N KT, 78 KT i R v S s
TS AR T B AR AR 1 em 2 B/ B B AR T S T IR RARESE . SR
i T R i 2 o0 s e IR R 3643 h>2 mm 0.5—2 mm \0.25—0.5 mm F1<0.25 mm 4 FHLIATR A, -
KR Tisdall 2512 432005 1, 4>0.25 mm B2 Y AT SRR A AT SR 4 macro-aggregate ) ; <0.25 mm F7 2% i) 4]
RAKFR N A AR (micro-aggregate ) o FEALFRPAIRARE M E 3 Wk, WO ; [FIRAE T 4F 15 BhBOGRLEE
M4 ( Mastersizer 2000, Malvern Instruments , Malvern , England ) 1 % = 3EHUAZH BY,, 4R AE A 3 IREE A, HL
RRfIER

PSR R A e 1 FH A 24 i i 542 ( mean weight diameter, MWD) | ~F-#] JL{] {42 ( geometric mean diameter,
GMD) A RAIRBEIR R ( percentage of aggregate decomposition, PAD) (7K & 22 41 ( water stability coefficient, WSC)
FOR T > 0.25 mm R IE IS bR Ruz‘sﬁﬁiﬂ?m HAAXT

0os= W, (4)
I EE AR (MWD) .
MWD = ZXW (5)

o, MWD D54 5Tt B AS , mm; X, 95 /I\E‘Lﬁzﬁﬂl i+1 FLARIR A LA AME , mm 0 2R 0 FLARDH 1t
TR R [0 L SR LT E AR (GMD)

GMD =Exp[ ¥, wlnx/ Y " w] (6)
X0y i AR AR R, WOk i A R B
A R IABIR A (PAD)

PAD =100 X (DR,; = WR,,) /DR, (7)
IKFEZREL(WSC)

WSC = 100 x WR,,s/DR, (8)

0 4 e B4 4% P SR AR - 3 X i 30 3 7 s R A A A I 2 - 3645 LA ( soil organic carbon,SOC) 5
PSR AR G LB DT AR AR
C.. =100% x G, x C/M, (9)
K1, Cooc WATRIE A UL DTRRAE (% ) , GO A SRR T A B & &, C XGNPI RIS 5 (%) ,
MR B DR &=,
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1.3 Hdkb

K WPS B AR R AR RTINS R AR S L 9] A BILER S 155 AT SPSS 21.0 B f4xt
BARIATE 00T, R SRR 2R 7 224381 F1 LSD (least significant difference ) K% 7E 0.05 7K ¥ L #E47AS [A] 4k B
TRZ TR R  IEYER | R | P R SRR e M A BB B SRR PR 0 28 S A I s X AR AR
K R MR 5 & IR RARAR S PR FE AR A LIRS B AT Pearson A SCHESM T s X5 1 398 AT SR AR FR e Pk
AHOCHY T Y BRRIR AR R B B MRIEAT T 005000 s R TP Bs I+ hnifE 22

2 HRE5S

2.1 A IS ALBEERZ AR O A

AR R T A A AR R A RIR R R AT BRI AR W T BE . i3 2 R, AR AR AR
K AR R RV 5 — 35, 2 R A S R MR /R T, I IR (6 a) Ab P 5 i 3 ( P<0.05) MR AR
KRR F AT 31K CK (4 20.97% 24.66% Fil 41.25% , 332 XF A 22 38 B4 A B AU A AR R 111 58 2250 B %
Dy D5 W53, DA 1 B2 48 7R AR T L4347 X AN [) AT B (i 1y 25 5, 25 SRR (38 3) I (2 )
AR YRR LA A0 R B, SRR N 4L, AR 3R )2 e vh e B R AR ek /L, Bt AR BR B AR R I 58 &R
B(B) FrE MAREFOZZE ETF, 4 a F16 a PR/ TR REF IR |6 a LB 50% 4NHR 43 Hi
F0—29.27 ecm 12,020 em HZAIREEAL Y CK 19 20.97% . AT UL,6 a AbFEXSESAHAR A K B il /8
FAA R B T 4R (4 3 B0 A AR AE , 38 KRG T 4R ) B i

x2 FRBZRERETIEXRARREIGER

Table 2 The distribution of fine roots of apple in topsoil under different mulching treatments was different

Qb3 R LSS MR
Treatments Root number/NO Root length/cm Root surface area/cm?
CK 172441+4041.83a 36690.20+1882.87a 4289.63+59.89a
2a 130941+4060.25b 26282.31+6453.39b 3263.16+151.54b
4a 103403+4660.29¢ 19257.98+1246.87¢ 2168.46+£92.76¢
6a 36162+2733.18d 9046.08+386.76d 1769.34+61.67d

[ A RN FRERZRTE 0.05 KF 128 5 3%

R3 TRAESLEFRARRAEESTERERHIERY

Table 3 Vertical distribution model and weakening coefficient of fine roots of apple under different mulching treatments

I H Ttem CK 2a 4 a 6 a

F5 7 Model Y=1-0.9737¢ Y=1-0.9859¢ Y=1-0.9786¢ Y=1-0.9766¢
ESIEEEYS

A z%%&ﬁ ' 0.9737+0.0055b 0.9859+0.0056 a 0.9786+0.0032b 0.9766+0.0022b

Root weakening factor

Dyy/cm 23.38 34.14 16.49 15.06

Dsy/cm 36.01 48.81 32.04 29.27

D3 i3 30% R BRI AIREE (em) 5 D5 TRF 50% M FARCIMATBRE (em) 3 AR FRHI 55 2 E B AR RARCHI 55 R 8 il i 3045 15 B Bk
VEIAAR R AR T3P oA LR s 8 M/ NI AR 2R 4 v A TG R )R s RAT AR R INE FREFRORTE 0.05 KF LR R

2.2 N[FE AL R R AR R B AR e b

IR 3 TR AE R R (R 4) ,2 a AP ERE T < 2 mm HUME S PE A RIR LG, 117 6 a 40P B 2 AR
1> 0.5 mm HUERE P RAK L] (P<0.05) , 73048 55 0.5—0.25 mm Fll< 0.25 mm LA P ] 3R 44 L 4]
(P<0.05) , S A BRIAAH L CK 325 T 121.9%, HHEZE KRS, > 2 mm FIRIRBERE , KRR sk 141 3R 14 L 9]
FEAR, 1T 0.25—2 mm /KE&ME AR LB, 2 a AFR A KRR A SR AR FL Bl B M1, 1A CK 1) 82.57% , K F&
PRI A L 5 0, Sk 45 4b B 85 13 ( P<0.05)
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x4 FRBEV/ERETEARGAGER

Table 4 The distribution of surface soil aggregates was different under different mulching treatments

PNZIEIN TP 2R A
HH Ab Macro-aggregate/ % Micro-aggregate/ %
Item Treatments
>2 mm 2—0.5 mm 0.5—0.25 mm <0.25 mm
HUBRE RE 1 P41 SR CK 32.12+1.39a 44.04£1.27b 10.65+0.58¢ 12.83+0.71c¢
Mechanical-stable aggregates 2a 20.91+0.94b 46.87+0.79a 17.34+0.62 a 14.65+0.31b
4a 32.62+1.22 a 43.98+1.05b 14.44+0.41b 8.89+0.10d
6a 15.77£0.74c¢ 38.79+0.24¢ 16.78+0.31a 28.47+1.70a
VIS SSERZIE 2K CK ns 3.05+0.06¢ 10.45+0.20d 86.07£0.30a
Water-stable aggregates 2a ns 10.18+0.78a 18.75+£0.24 a 71.07+1.47¢
4a ns 2.88+0.12¢ 11.87+0.16¢ 85.24+1.61a
6 a ns 7.31+0.07b 14.22+0.31b 78.12+2.66b

[ A RN FRERIRTE 0.05 KF 128 5 3

R.»s MURERE M A R MWD T GMD 7] RAE AR AR I FAERRAE (R 5) o 2 a ZbFRIY DR, #H EL CK #2
%T 4.88% ;4 a F1 6 a AP S IBIAERT, H DR, ,s MWD F1 GMD 43524 CK E@ 98.08% 1 82.2% .87.4% Fl
74.02 78.13%159.38% , WR,,; JKEPEH B MWD F1 GMD 2 il PE4 1 B A K Ba PR 10 A%, 2 o Ab B G 354
15 WR, s JKERMEAT R AA MWD Fil GMD, AH LG CK 43048 55 T 114.3% \17.24%F1 228.57% (P<0.05) , AJ UL 2 a

bR SR AT SRR TSR UK AR E MR 3 7, X T el S A A5 B E T 6 a AL FRURA T ORF 3 AT SR 1
FasE Mk,

®5 TREBSN/ERETIEARGREGES

Table 5 Stability difference of surface soil aggregates under different mulching treatments

Ui H Item AbHE Treatments DRy 55 WR 55 MWD/ mm GMD/mm
HUBRS E P P R A CK 86.80+1.32b — 1.270.02 a 0.320.02 a
Mechanical-stable aggregates 2a 91.04+0.83a — 1.28+0.03a 0.33+0.02 a
4a 85.13+1.48b — 1.11+0.02b 0.25+0.02b
6 a 71.35+1.43¢ — 0.94£0.11¢ 0.19+0.01¢
PICSTEEIE XN CK — 13.50+0.82¢ 0.29+0.02c 0.01x0.00c
Water-stable aggregates 2a — 28.93+0.54 a 0.34+0.02b 0.02+0.00a
4a — 21.53+0.70b 0.38+0.02 a 0.02+0.00b
6 a — 14.76+1.13¢ 0.29+0.01¢ 0.01£0.00¢

DR, »5 102> 0.25 mm AYHLIAR E PEA BRI WR) ,5 10 > 0.25 mm AY/KFEMEA B AK ; MWD, 34 i it EL42 Mean weight diameter; GMD; 35
JUA B 42 Geometric mean diameter; MWD ,GMD {HAK , R B A RAUF @ HEM , [R5 AR [R)/NE FBERIRTE 0.05 KF 1255 i3

PAD Fll WSC J2 FRAE A R E M i 155, PAD B/ WSC Bk, I 38 A R difa g, i 6 af
1,2 a ACFEAY PAD {H#/N, WSC {HE K, 43514 CK Y 80.78% Fil 218.38% , Xf & )2 + A K I Ay A= 3 1E H
(P<0.05), T 4 a AbFH () PAD KT CK,4 a F16 a ALBHAY WSC B F =T CK(P<0.05) , ¢ W Fifi 78 AR R
e %) A R AR e PERERRAIC , Wy B A Ak, R HGR LR R

R6 TREBEZLERETRARCHAENABRREES

Table 6 The damage rate and water stability coefficient of surface soil aggregates were different under different mulching treatments

Ab 3 W R AR 2 PAD IKESFE B WSC
Treatments The percentage of aggregate decomposition/% Water stability coefficient/ %

CK 84.45+1.05a 15.56+0.41d

2a 68.22+1.41b 31.78+0.56 a

4a 69.83+0.77b 30.17+0.85b

6a 82.66+1.81a 17.34+0.35¢

PAD fRF R R IRBIR R BN, 20 B R RFSE PR WSC REF KRR BUEM R R R R IR, RS ARRNG FRER R
1£ 0.05 /K L2257 B3
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2.3 RIFIEE R AL PR 2 3 A R A HLER 7 A

ANTR) b B XS - 4925 GRS R P R KRRk T SR A v ) A AL B B i N 3R 7 o, AIUBRRR R 1 AT 2R
ARSI N 4 a>2 a>6 a>CK,2 a fl4 a ABRAHLL CK 4351425 T 18.48% 1 19.48% ( P<0.05) , 7K Fa: M
BIREHLR BN 2 a>4 a>6 a>CK,2 a 4 a F1 6 a ZFHAH L CK 20 9427 T 31.68% ,18.75% F1 12.93% ( P<
0.05) o 1 WL R 4 R b 7 26 XoF AL ARG P4 0 7K B ke A SR A ML B 20 (e I AE . e LR e M P R A
A BB A TR K A SR A HLBR & R (R =0.777) 5 MK R 1k A B A oy | 3 SR A WL 7 ok o
99.3% A4 HLI B B 1 AR 5 (R*=0.993)

R7T TRBSNEBRETEAREENBRSE (») SENKREE()XR
Table 7  Relationship between organic carbon content (x) and total organic carbon (y) of surface soil aggregates under different

mulching treatments

A HLAR B B
JiH Abs Total organic KM R [EGEELS R
Item Treatments carbon/ Macro-aggregate/ ( g/kg) Micro-aggregate/ ( g/kg)
(g/kg)
HUARER A PE 1R CK 6.98:+0.04c
Mechanical-stable aggregates 2a 8.27+0.07a
y=0.2626x2-2.7003x+14.006 0.777  y=-1.7863x>+4.8019x + 4.912 0.286
4a 8.34+0.09a
6a 7.15£0.09b
KA TR i CK 7.040.09d
Water-stable aggregates 2a 9.27+0.06 a
y=-3.2965x+15.496x — 9.1251 0.858  y=1.061x>-11.221x+36.618 0.993
4a 8.36+0.09b
6a 7.95£0.09¢

SN ARNE FHFRTE 0.05 KF 25 8%

2.4 N[ AL Z R R TR

2 8 Al CK i TR A b 2 7E SR el H %4 B b BRI ™ . Ky 28 A I 2N, B2 IR T4 B
ARFR A 38 K A LR B A AIG, HUBET HIEER2 — 2 AR VE L2 a A PR AT R 3 K
i BILBREE B AL FRAC H AT, A9 CK 9 112.39% .105.65% ,104.29% F1 90.08% . H T HbJE
F14) 47 3R BEL R 1 FH T A 230 BELT - 48 25 /<05 30 Ml TR/ /K 40 O 38 3, DR bt 45 78 Ak 38 Pl AN [ R 32 AR AT - 3
WA, L6 a A BRIMHIRCR I B3, 1N CK 1Y 81.49% (P<0.05) o KA s+ R T8 B ), 2+
BB AR B0 bR U8 27 ok B A T W RS R, ol S e R g B R L 1) 2 B I 2 R AR (P<
0.05) , 435124 CK 19 102.37% 1 101.16% , FE A BRI b M ey . L LR | B LB - 58 5
KA AR (P<0.05) AXS3 51K 2 a ZEBRIK 86.64% 93.21%H1 80.79% , I T WL , A i % 22 )2 -3 A (54
1 B Hb RS 5 15, 78 K ISt T s , 2R IR HIEES R 4

®8 FAEBENEREIEMEURES

Table 8 Surface soil physical properties were different under different mulching treatments

e o N P -
_ TEEKE RIEARE BEARE  REEAE . y /BN R
T2 Ab PR L. .. . o Soil bulk Foki R
. Soil Soil Capillary Soil . Physical clay
Soil layer/¢cm  Treatments . . . . density/ Clay/ % .
moisture/ % porosity/ % porosity/ % aeration/ % 3 particle/ %
(g/em”)
CK 21.07+1.30bc  54.48+1.20ab  42.65+0.40b 35.34+1.60a 1.31+£0.07a 9.7£0.03¢ 56.75+0.12b
2a 23.68+1.40ab  57.56+1.40a 44.48+0.70a 34.2+1.40a 1.18+0.07b 9.61+0.04d 52.25+0.24d
20
4a 24.23+1.90a 51.01+3.5bc 42.14+0.80b 26.78+1.80b 1.18+0.04b 9.77+0.03b 54.49+0.17¢
6a 19.13+1.30¢ 49.87+0.40¢ 41.46+0.90b 28.8+1.10b 1.24+0.05ab 9.93+0.03a 57.41+0.15a

[J 3 A7) /NE F bk R TE 0.05 K- &5 B3
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2.5 2 P R AR E A O BT

RAATEE e OB SRS - e as iy A S IREE BB A G, HAHRE W, X ey B vtk AR
AR5 U E TE KA MR SRR R MRS R OGP E 3BT (3R 9) o THIERRL LU 5 1 e A R Ak T %
PEFEPR (DR, .5 WUBBESE P A1 R AR MWD) 2 A% I AR (R=-0.743"" | -0.628"" ) , - LB | B fLP
JE | T HEE S AR R PRI - A SRR S R R HE bR R IO ) 2 IR AR 56, R R R 25 R 5 R Ak
WRARAEFIT LA R DR, 5 RBAOKARE MRS bR (WR, 5 K FRYEH B IK MWD ) {05 £ B Zh
A R R A SG (R=-0.683"" . —0.663"" ) , 5 4IAR A= K JoAH S 1 5 3R ZE AT b 51 5 LA RS i P 1A 3R
A KRR TR A LK &t MK AR REY 2R B A (R=-0.874"" [ -0.957"" [ -0.949"" ) , 5 A1 ik
WK B IEAIE(R=0.914"" ), 1] WLA-3E0k7 HL 38 K, 359 R A1) T 4 32 A1 SR AR s M A 2 v AR MILARG
M

®9 ERER TEMEERKEARGIREN AVRSEBXEST

Table 9 Correlation analysis of fine root and soil physical properties of apple with aggregate stability and organic carbon content

MSA MWD/ WSA MWD/  MSA SOC/ WSA SOC/

15 H Ttes DR WR PAD/ S
5 H ltem 0.25 0.25 %o WSC/ % mm mm (e/ke) (e/kg)
A KR
. . * 5 0.569 " 0.077 -0.745""  0.741"" 0.344 0.446 " 0.462 0.538 "
Soil moisture/ ( g/cm’)
i A
j:.gé—]‘LFﬁ?-E 0.712** 0.444 -0.325 0.39 0.77 " 0.11 0.257 0.318
Soil porosity/ %
BAEFLBE Capillary porosity/ % 0.716 ** 0.541*  -0.665"" 0.689"" 0.657 ** 0.11 0.728 " 0.609 **
903 =
j:.ééﬁ TE 0.626 " 0.214 0.213 -0.152 0.672"" -0.412 0.321 -0.152
Soil aeration/%
FkL Clay/ % -0.743**  -0.683** 0914 -0.949** -0.628**  -0.663*" -0.874*" -0.857*"
HR & Root number/NO 0.848**  -0.236 -0.059 0.084 0.887 ** 0.047 0.031 -0.204
R4 Root length/cm 0.747**  -0.26 -0.071 -0.091 0.852*" -0.117 0.168 -0.286
R i
REm? 0.676 " -0.229 -0.03 -0.158 0.822* -0.295 0.26 -0.335

Root surface area/cm?

FRPRFRBAERE r, « Fom P<0.05; * * /R P<0.01

2.6 AN[FE AT )2 R IR E M 3 a4 b

3 A R AR M 27 e PR R AR AR K IR R R £ DR (R OR ] s G A A 2 LR O B
S F B  HEXA R BT PN, X i S AR R R e e 7 > e B R (4 Bk | R
FLBREE A FLIE | R HGE AR ok & DRSS M A R ARG ML UK RS M AR ALK ) 5 3 MR R
AR AT (R R AR F A 4T F W00 (£ 10) . 0—20 em HJ2H  RIE E K55 22 BTk R i R
FRBTHERAR AT e 2 DT (>85% ) ARF A HBRIEHR 92.83% LS5 8., P FIHZ 4 b iy B 2 fr A 1
YERLEA T R RIRF T bR . 28— B Pk (R T8 bn M B RL BT AL S FLB R AR
AR AR T L FLBRZS A FAAR A RRRE . 5 = S a0 A LR S 1k K ek 1T SR A A e &5
i, RIS TR) 2 A PR 2 0 e i A 36 2 A 1 T b 2 A AL B 25 44 , o 200 AR A K 7 A 3 oy M AR A7 R 22 57, A
Xt S A RARFR E M= AR, TR AR A (R 1), F5BHES N 2 a>4 a>CK>6 a, 6 a AbPRAYLE
G195 HAE(=0.973) ,AF T HIERIRAKG IR E  fE R T RIE 7 1B 16;2 a A FRAYFE 70 e (0.864 ) |, Xt
A RAR G R AT IR

3 Wit

3.1 BRI SRR E P
IR AR R BRER , LA SR A O T SR S A R VA S R AR 32 W - MR R B Y
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BHRIRZ — . ARIRARAG 1HEH RARI R IATRAA (> 0.25 mm) FHATRIK (< 0.25 mm) , J7ZIAH > 0.25
mm BB E K A AT S e+ SR i O 40 L A TR0 (5 B~ 07 2 A0 7 0 xR el 3 22 - A SR A
AT (R 4) 5 R W B AR FRAE K | R i P SR AR i A B A R AR, 6 a AL BRREARALARAR 2 I 2R
L AR CK Y 82.18% , £ TEIEALBREY DR, .4 71.53%—91.11% ,WR,,s N 14.76%—28.93% (£ 5) , —
A 32 DR 5> 60% R4 A BRARES , WR,,5< 30% )8 T A R AIFRE , AREERRPRRER+HELZE+
BRI 2 P SR AR T B T R A BRARAS (AN -3 AT R AR S KPR T, K g2 e s | B 52 A Aok
Sy T, FEAGKE + K535 PAD \WSC 2R EM I (R=-0.745"" 0.741 7" ) FAI G LASIE(FR 9) .

R0 FEBZLNBRETEARGREEIHS AN

Table 10 Principal component analysis of surface soil aggregates stability under different mulching treatments

B I 2 Tk 2 FikR

+J2 o . . . IR = ¥ £
. Principal Variance contribution Cumulative contribution X
Soil layer/cm Load matrix
component rate/ % rate/ %
1 63.287 63.29 BB BAETLBRE SILRRE R E K
20 .
HUB RS E T A1 3R R WL K R e AT SR AR

2 29.546 92.83 WL

R TRBELEREIEARGCRERSSRSSHE

Table 11 Comprehensive score and ranking of surface soil aggregate stability under different mulching treatments

Gy G A G
Composite scores Comprehensive ranking Composite scores Comprehensive ranking

CK 0.049 3 4a 0.059 2

2a 0.864 1 6a -0.973 4

2 a QCPRATHE R SR Z LIRS FL I B FLE AL IR AR T SRR S PE ROk L ] (32 8) , B 1 S A
BRI RUK AR JCHXR AR B SRR A -3 VR Ty 58 2 (P<0.05) (R 5) ;6 a AbFRNIREARER 2 1 45
T LB AL AUBREE 739 CK 4 97.21% F1 91.54% ; 3 K Fb ki FnHy BEAMEFHRL L9, A L CK 20 B T
2.37%M1 1.16% , T AFFLBREEF IR 5 1 498 T b ¥ SO 4 R 5 — 2 il i e 2l for PR, B R B0 1 1A
RIETIFMER TRE (£ 10) 56 a AP KB AR P AR VE AR T 2 a 402, H PAD AT WSC 435118 2 a
B 121.17% 1 54.56% (3% 6) , 1 WL Fifi 78 HEC AT R348 i, b Aot 3¢ 2 -+ S8 A0 A PV B i e M B IR VE . X 2
TR AR W 35 XSRS K B RS, )2 AR 22 i) T 3R)2 590K el B s 5 B8 IER M B
FLB BT, R RIAKIRIE 20H e, 7 R) D) 2 30 ™ B 120 TR B 1) BELFA A P, K 9B 485 11 9%, T 1K
R 1098 35 S 90 m)_EFHARZE A RS S RLEE, IR 2R 2 LI TR W kAL IS TR A6 28 R kil
Ai— R EE B 1 SRR RRBRE 7 I 6 a AT - 3ROk 2 A A8 1k | FLBR 45 R e 28 A L RS
EPE P A LU I REAIS , 5 30 - S0 A SR AR LU B T o AR B CKO 2085 T 121.9% , A BFGR RIS HiRsc B &
A, KA B it AR AN B A FLIRE, i P41 35 2 2 A R 4 A T S B R A e ) B A AR I 0 45 S T A
DASOHIE 4 a 1 6 a ALFRA BESLBREX B EMT 2 a A (K 8), I 5 PAD WSC 2 W FEAH K (R =
-0.665 " 0.689 ") (F 9), B - HEFL B 45 #4 1Y B IR T 5 B0 A AR S T IR R R, 5 X1 55 F O 4 R —
] RHEFLBRAM R Tk & S R Fia # , A R ARTE A R 9E s i b B 240800, 45 8 2% & +
RS R E M E R E R A Tk 2005,

- S SR AR PR 1) S DX ol SRR AT LR IR R 2, BRI A A SR A4 ) o L
TR AL | K A IR EE AL (BB, 38 2 15 i TR PR IR BK RS ST B, 35 28 FLBR Y L AR 2 a A BEXT
FT g S R AR, i ELRE P 37 CK Rl A B H % B i S RN R R I s B IR, AT B 1k 6 a A FRAR S+
VA2 R A T 2 B AR 2 a AbFE Y R A B R L 430 R CK Y 99.07% Fil 92.15% , 111 6 a
ALFEIN 735308 CK 19 102.37%F11 101.16% (3 8) , -5 LI R IR e M3 B W A (R 9) , X SR
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UL TR Tt (E -t AF 5 3 B A T 8 2 J R 235 A 0 A 118) 552 i 2 LT 114) « — 2 28t i B0 () Kk P £
{7 - S B Bl Vi s — R LR AV PO I A R BE R AR > PR e o s A a0 24 SR 1) PR T i
2 XU MR B bR A Y TR A X R R K B AR R Z ) S i 25 X6 b I R I 4
VEFIAOREIR > A L A A FH X - 45 11 SR RS R Tk ) IR AT K T e s e Ry i - 9 1T SR A R
BB BN T (36 10) , T IREB RN B 45 45 LI TRt — o
3.2 BN E R )2 M AT R AR A AR 7 5 43 AT 5

A HUBR S - HE T AR S5 P 5, nT Rk - SEAE R A BT 1 AR Hh 5 7 A Ak A AN ) R 4R
BIKGPR SR (F 7)), GRIEIFFREE R 2 a F1 4 a A BERHYUIR & P K R ik A B4 HLRR &
BRTIRORIE T 6 a £0FR 4390 6 a ZbFRAY 115.66%—116.64% F1 105.16%—116.6% , H s &M, F +
HSIE 90% AT HLERA T AT RAR N, B TR RDRE G Bl 2 1 T R AR Y A5 5 e 45 2R AN [, 3 B0A LA 7 o
(22 5, HE I 52 e DA SRR B M . 25 B AN [RDRLZ AT SR AR A LA 5 A LA St 04 [0 U 43 A AR (38 7)), FEBLAR
e P A R A b A B S 3 2 pR R A SRR LA 5 L D 5 K AR M SR A b | AT SR A BILA 75 1 AT e
99.3% A Wl i AR S o B R TAE T RIS T A2 19 R 1A SR AART A WILAS 1) [ 4V AL T 1141 SR Ak {1
LR L, R TR, D 2N TR0 T A B R A B Rt K AT SR A4k b 81 5 7K Rt AT
RIHE WA E (6 4.7) , BEE A RR A8, KR SRR [ B2 R %, 6 a AbH{UA 2 a AL HEfY
85.76% , RIVER T KB I3 )2 - 0K Factt A R RS Pk 5 B R BE 1 19 T B, S 3803 SO MUK - BE IS, 5
BE AT IT 4 R —a

T RMOE R FeoE MR R AR T AHOC , HHERATRIRATE R A MU ESTE S5 AL | I 2 A SRR R IR
SR P A ML 53 A TR LR L A % o Rt A 2 5 DA Ay P ZRAA 5 4 WL 1) DG R ARG T i A 1 4
SRk A+ A5 200 AU R A B A DG ARS8 % - 48 A1 3R PR 5 4 A B [ 45 56
FITTAN I 2 T 2 IR0t 2 )2 - S5 M B — 8 A PR A7 0% DRI A o) 572 b, - S8 A SR Ak R e L T A - s
— A
3.3 SERFERZE HIEAREREE S AR KN EECR

R R AR i K A SR o i B AR, BR A2 1 IR AR AL e A T A A AT S R A PR AR
i R R R M B AR i A R w e AR AR T e e Ak s | o A R A 4 g 4
B HOR AR R 310 v 228 AR R E R R A5 VR FR TR, SURT R L A R A AR = 9K 4 Xk AT SR AR e
PO R, T AR AR A0 RN B R ) A R R SR ARV ARG 2 I I A AT B A SR A
MR RJZ LD AR T TR, 6 a AFAMRMR G AR FRERIR(CH CK 1 20.97% ,24.66% il
41.25% (% 2.3), 315 DR, Fl MWD 4% 3 IEAH X (R=0.848"" ,0.747" [0.676 " ;0.887 " 0.852"" |
0.82277) (£ 9) , RWIM AN RIFAERKA R T HIHESS TR, i F 0T 1 558 A1 R AR M 0052 (R T 1 H8 i
HANFLBREEH (2 10) , AR R 5 e P RO HLAR & B0 0 8 A OeME (2 9) , 5B EE ™ I IR R A
XF A LR B R R S A — B, W RB RS IR 2 RIEE 2, i = WA R A W Bl
55 , T3 m ACHIBETE PR T R, AT I AR R i A S5 Ab . ASRIR (U R R AE K R B IRbREA TR, RV
SR ZR 5T )RS S I AE RS 8 R IR A8 B BRI, RGN A 18 T — 2P

CK P 322 e h iR 8 2 IR TE ) v 7 S0k FE R P ISR 5, (H 5% 8 11 1 39 B 32 S A FVBRVE 15 it 1) 52
Wi, AT ) 3 MLBR AR W A A B A BB LA S A5 B AR 4 DR A BRI, 3 P SR
2%, 5T B A AR A RER BT LU AR bR P T B UR YA e R A RIRT Db K X 26 )2
AR T, AT G205 08 7 40 o e G2 TG P O 77 26 40 W 0 5 AR Ry IS 235 400 o A 2838 m - B A1 SR AR 1Y
FE M, oo Ut TSI b A R A 3y =0 T B S R AR R e ML B 22 5%

4 %t
5 - SR E IS b Doy SR P SRR Ty R R0 55 VA 5 i 5 AR MR A 1 2 A 2 R S
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A PO o A ST B FLBREE R, S S R A AR AR 2R 2 S ) A A R A e AR 8 AT SR A g A A
KA, FEER L RIER A" RN RRN A RSN AT ; P SR B IR AR T - HEA HLRR [ 77, 53X
PR IR A HLBR K - Xof AT SR A et A S R DR M I s BB (2 ) T 1 8 PR SR AR S5 W R A 1 B
VEHT, RIS A T A O DR 37 55 [ Bk | IO 36 P48 [
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