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I I L M R R P RS, XA IR (CK) . B AR (F) . B EEEAT (S) KB BGEFF A
JEEAE (FS) 4 AN 38 pH, 53, HIERUEYEY R, 2. BES R, s R ARk,
L5, 2016, 2017 12018 4F F., S J FS AFRYA AT DL & AR ER Bl hate e /1 KA 0 ~ 5.5 ~ 10, 10 ~ 20,
20 ~ 40 em T2 4 pH, WERE HEMEY AR A BRI R . KA. DRk R A e
HUAFS b PRI EAE:, R iy e 338, FORPRL . & 2R T 507 B35 8¢ CK AR SAE 2016 4F 45
121.48% . 65.97% . 48.22%, 2017 4F 2 & 146.06% . 102.13% . 77.23%, 2018 4F & & 36.55%. 23.53%. 43.20%;
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R, MREIE " R AR R P AL

RSB 2021-12-24; RABE: 2022-03-18
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ik (MBC) . WAEMAYER (MBN) &, #&
) N G 7 U N R O B g AN
TS pH M FR (EC) 1YW EIKG), A
FEETT TR FH g RS FF Tt A1 T A ek i b o7
MR, R RBCRAEAR ) A 7= 52 e v o L 2
PRSI 0,

ABFFE AT X Eh i 4 pH . o SR AU S
SEEY RS S, DL SR AR B
B ) A AR A DDA S, SR RS
FF5 T B3 1o PR AR 108 pH 5 &b i, DI s 10
MBC. MBN. {49 LYk (MBP) & &Ll A
KRR, W0 SR AMEERRE T, DAk B
=R E R, U A FAE X ol S Ak 1 4 &
P e P PR A A, H o ds S b e A7
A PR B AR

1 #MR5FE

11 b 5 A A

2016 ~ 2018 4F 7 Ik 55 17 P 52 oy Rk R
SV E B X (111° 227 30" E, 40° 41 30" N) %
SRR E AR, i X R T A R A A S Ak
oo R R L, R M AR L 1,
2016 ~ 2018 AFFHEAE FIHA KL SR LA 1 R,
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I (°C)

PREFEGEEL (FS), \HE 3K, 1240,
INX AL 120 m® (8 mx 15 m ), AR I =2 B #F 58 45
BN R FE A 1500 ke - hm™, VRS FF it
I 11250 kg « hm™, £AC PR AR AR — 2 (18-
46-0) 150 kg - hm™, e A 150 kg + hm™, R
FAMLOAERD, 7780 25 em. $EFPRT 15 d, ¥ EKIE
ARG LR A S A E SR, L T
0 ~ 10 em B FERIEE, AR LK L AR
NE—iShi A 155, PR T RER . T AR
BB T 5, BN I TR 1k, S
T S R B G , /NX A A P54 —3L
1.3 HURES A E
1.3.1 PRSIk

B A AR A T L ST AR
T T ) 5 A E B I TR R, BURE L2
S0 ~ 5,5~ 10, 10 ~ 20 F1 20 ~ 40 em +
2, BERAEA/INX N FEE S T RFEEEFEALIE L 5 A5,
R — 12 E’J:l:#{tb &, BAFEAH 2 mm i
WG 53, A AP FEAS . S — i, AEAETE

F 1 XIS B R A RS EE
SR WA AR R MA JRy pexiil EER 1N
25 pH 4
(;.LS'cm ) (mg'kgil) (g'kgil)
R 9.14 1553.83 63.11 15.71 171.33 0.53 1.66 0.53 13.32
HE 6.85 125.93 532.42 166.52  222.79 84.67 0.16 9.33 372.60
JE AFEFT 6.58 2.95 362.06 169.70 345.39 14.06 0.18 7.99 552.48
100 - 235 100 =35 100 . 435
2016 4F 2017 4F 2018 4
130 30 430
80| 80 80
—~ 25~ 25 ~ 125
g S B -
E 6or {208 E 60 208 E60F /120
2 1152 = 15 2 115
& 40} 1= & 40 1= &&40 F
110 10 410
20+ 20} 20
1s | 45 | 5
0 |I| B | ||| L 0 oL ‘||| ‘|||| || | 1 | 0 0 \|| u .\I f ||||||I ik Ll
1 5 % 0 P \ 5 6 190
o mﬁ\ \ m“‘ w&\ AR \ SISO PN \q B O o 10\ mQ\ m“* o "&\ o m“‘
mm H K Hi
— H3YEE
B 1 2016 ~ 2018 FHELEERPNEKERBETL
1.2 Rt 4°C K46, F T 1+ HEMBC. MBN F1 MBP (1) & ;
FE W g S i A I LN W 1| B S el = I O BN, HFLE pH, EC IR
(CK) . e (F) . S AFsEF/F (S) . JH§ AN AE o

HEAE 5 AT B TN 4 | HRHE 22 Tl b A PR A
d, W B R R AR R A GBI S — SR N
PEPEIG R LA X e P/ NX A T e — I 7, HEA%
HE /NN BIEEEAL 1 m®, YK, 05
ERAE AR TR, BORRR AR SRR
i VA N Py S M= RN s g
1.3.2 dEtnilE ik

T e N . +4% pH i1 pH 31 (STARTER
3100 ) M, +HHESZEMAKLLGI N 1:2.5, +1%
EC 1 #5131 (STARTER3100C) &, +iHES5
ZEIRKZ R 105,

T A R E T+ MBC.
MBN Fl MBP 43| SR FH 2B 28 £ B — B = Lb a3k
R - TS . EZRR I - S P I
HRIE . e, B g ERK E R 60%
( HEEEIKEA N 12%), RIGTERBEHBIEFMAET,
Bigr 15 d; Hak, —&or B3 Ae SRS 5 N kAT
ANiEZE 24 h, J3— o AT E AP $E
%, 0.5 mol - L' K,S0, $2 L MBC . MBN Al
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0.5 mol + L' NaHCO, 2§ MBP; fJ5, #E47i
o THEITRATF : MBC=E, x 0.38, b E, WEEZE
J5i 5 TR & AT MURR 225 ; MBN=E,;, /0.54, X

Ep/0.45, Xk, N IEZRIS 5 EZRET LA A DL 2
{H o MEZE RPN A me - ke T4

- e IR PRI R . e A S S R T
B B BRI S e T BB I SR
3,5- “REEKRR Lk L Y R A
PR ABEEY 5 He skl g 0 O e B R
BTG PR R —4h bk Lo 2,
1.4 &5

A5 LAA it FH T IR ARG AT 22 Jkvfe, il
AR A I AR A A BRI 28 5 5425

(1) A (1) : BABFEFELE (3070 - kg')
UG HFEFF (0570 - kg™ ) . FhF. AERE. WEBE.
PREC. MLBR. FHEEEE . WSOk LR A5 B BE i N T 2%
FH (B TR AE 1 S80S A 2 A0, LAl 4% A 4% 5000
JC * hm™),

(2) 7= (0): F=H REAFEFR = & (3

Hr: 5.07C - kg ) AR R (B 2570 - kg ),

(3) &bk (E): E=0-1,

Kl ik

JRIAEE K Excel 2010 #1 R Studio #4747
MZE . 24508 RH R Studio H1HY Imer( ) Fl aov( )
PREGHAT B S0 A, AR SCHE S BT AR SR FH R Studio
H) corrplot( ) PREL. FHLST53HT R R Studio H1(1)
fviz_pca_biplot( ) BRECIEATEE 74T o

2 ERE5SH

A HLYRTER Bt 1 pH R0

2016, 2017 F1 2018 4F 45 B A AN [] 4= 2 + 43¢
pH 754 B0 R AL PR F T Y54 Rk, S Fil FS 4b s
0 ~ 40 em + 2 13 pH 5 1 LT CK 202 (&
2), Hid, 2016 4F F, S, FS AL + 3 pH #48
CK ALFEAMSITE O ~ 5 em T J2FEAK 2.31% . 4.04% .
3.27%, TES5 ~ 10 em £ 2 B £ 0.49% ., 4.77%
3.01%, 7E10 ~ 20 cm 1 )2 FEAK -2.38% ., 3.75%.
1.43%, 7E20 ~ 40 cm )2 AKX -2.26% . 4.95% .
2.85%, 2017 %-F, S, FSAL# T £+ 3 pH %% CK

1.5

2.1

o, i R L eis
2016 4
40+ a ¢ c Y a . b - a b 4 ¢ F b a e . b a 1 a
30+ -
20+ -
10 - L
0
50 CK F S FS CK F S FS CK F S FS CK F S FS CK F S FS
2017 4
401
a a b c a a b b a a b ¢ a a b c a a b ¢
o 30+
.
w20+
_H
10+
0
50 CK F S FS CK F S FS CK F S FS CK F S FS CK F S FS
2018 4E
0 , b ¢ 4 I a b ¢ d a a c a a b o T
30+ -
20+ -
10 + -
0
CK F S FS CK F S FS CK F S FS CK F S FES
AbFE

—120~40 cm

£=<3 10~20 cm

3 5~10cm = 0~5 cm

2 2016 ~ 2018 FEHFHYRIIT 15 pH KI5
e B EARFEVNG FRHMCREA I 0 ~ 40 em RPN ZES B (P<0.05), R,
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I FEAY AE O ~ 5 em 2 FEAK -0.20% . 1.51%
271%, TES5 ~ 10 em £ 2 B -0.52% . 1.90% .
3.02%, F£10 ~ 20 em + 2 F& £ 0.12% . 2.13% .
3.44%, TE20 ~ 40 cm 1 )2 FE K -0.02% . 2.97%
3.68%. 2018 4E F, S, FSA4b#F 4 4 pH ¥4 CK
Ab B A B AEO ~ 5 em 2 FE K 2.29% . 2.90%

6.73%, 15 ~ 10cem 1 2 B K 1.87%. 3.47%.
7.70%, 1£ 10 ~ 20 em + 2 &K 1.29%. 3.90% .
837%, AE20 ~ 40 cm 1 JZ F& K 0.77%. 4.13%.

8.56%. Zoit 3 LR, LA S HFS AbHnY +
pH R R 3, S AbHEA 42 13 pH ¥{EAK T 8.5,
FS Ab ¥4+ 2 44 pH H{EALT 8.0,
2.2 AHLEEER B A TR A R

Zent 3AEIIE, 2016 ~ 2018 4E4&% + )2 4%
EC ¥4 ek BTl SR (& 3), BiE S R AR
B, A A EE R 45 4 )2 R EC B WTREAR, BR FS
AhFE, R AR 3 AR LR EC BE
FIHAANHE, W R 3 A7 Rt s A S RS

T P
14000 2016 4 - -

HIEHSR (puS+em™!)

7000 r
6000
5000
4000
3000
2000
1000

illfzae %

FAEWIARE, o R AP )2 1 EC W p
., JULLFS b AR O 1 3. 2016 4F F. S, FS 4
BN 3 EC #2988 CK AL H 43 HAE 0 ~ 5 em 1242
5 107.08% ., 141.08%. 147.01%, 7E5 ~ 10 em +
JZ 48 55 22.57% . 153.86% . 98.38%, AE 10 ~ 20
em 2 3R 14.35%. 146.13%. 57.57%, AF
20 ~ 40 em t+ 2 # H 9.56% . 146.82% . 112.26%.
2017 4 F, S, FSALFEF 4 3 EC 4 % CK 4k B 4y
WIE O ~ 5em HJ2HEE 21.27% . 18.54% . 47.68%,
1E5 ~ 10 em 12425 26.39% . 53.01% . 122.20%,
1E 10 ~ 20 em +JZ2475 33.56% . 99.57% . 158.64%,
TE 20 ~ 40 cm + /24215 8.05% . 82.61% . 203.87%,
2018 4F F. S, FSALFR T 433 EC ¥4 CK AbFR437)
TE0 ~ 5cm 12487 37.45% . 15.63%. 136.21%),
TES5 ~ 10 em + )2 4 5 8.17%. 0.03%. 199.69%,
1610 ~ 20 em + )2 32 %5 4.28% ., 473% . 248.88%,
1E 20 ~ 40 cm /25 7.06% . 9.30% . 233.28%.

TES I Wk

—120~40 cm
=3 10~20 cm
- F 3 5~10cm

 0~5 cm

CK F S FES CK F S FS CK F S FS

pLsE

B3 2016 ~ 2018 EHHWHT TIEESEHEIN
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2.3 A HLYRENT R Bt R W A R
OB A

1 & 4 AT AT, BE S R AR A B, ek R Ab
P A+ 5 MBC 7 & & 136 Jm, 1 CK Ab B2 i %
i BE#eE A F AR, SO AR L2
13 MBC & 534 56 18 s FE AR, 2016 ~ 2017 4F
76 37 Tl R 30T 35 A 5, 2018 4F 78 3k 1 1 3 9 %
. LLO ~ 40 em iz 8 B . 2016 4F il B B F

Hi B

1000 r r
2016 4F

1000

EYEYER (mg - kg™')

1600
1400
1200 -
1000 -
800
600
400
200

2.4 FHHLRT S b R YA Y R R S
P ]

HH &L S AT, BfE e R AR PRSI, 56 2 4F ek
AL + 3 MBN % . Bl A B I I
ek, AL HTE AR 42 £ MBN & 34588
JEFEAR, TEME AR =, LLO ~ 40 em
W3, 2016 MBI F. S, FS AP T4+ 2 MBN
i o A CK Ab B i 25 46 55 31.27% ~ 63.67% .
43.63% ~ 6543%. 45.84% ~ 97.86%; 2017 4F Hl i
B F. S, FSAPEF 4% + 2 + 3 MBN & & 70 il 4%
CK Ab P 5 & 2 5 —45.56% ~ 676.93% . 47.77% ~
636.61%. 31.57% ~ 700.89%; 2018 4 il 13 HH F .

S, FSALFE T 4% + )2 + 4 MBC & 42 2 % %% CK Ab
PG B R 3940% ~ 135.92%. 34.33% ~ 111.90%.
7.06% ~ 151.46%; 2017 "EHIFEIH F, S| FS Ab3T
+ 3 MBC &3 %5 CK Ab 3 i 32 55 23.60% ~
109.96% . 17.81% ~ 115.84% . 15.38% ~ 103.66%;
2018 AE AN F. S, FS AL B F 4% + 2 + 3 MBC
T i CK AL B i 3 4 5 23.60% ~ 109.96% .
17.81% ~ 115.84%. 15.38% ~ 103.66%.

BilifEL G TR Wk

| [120~40 cm
X 10~20 cm
F 3 5~10cm

| mmm 0~5cm

S. FSAb¥E T 4% + 2 £ 4 MBN % & 43 514 CK 4b
TR E R 3.75% ~ 140.20% . 4.36% ~ 288.38% .
40.26% ~ 357.07%.
2.5 ALY RN ER B - e A Y
S0Pl

P 6 AT 1, B ol AR BR A3 I, 5 2 4F
o AR PR 43 MBP 7 eIk, BHIRERE A4 B A
B HEIE, 4% A4b BEZE R [R) 4 )2 + 3 MBP & = 35
BN FEAR, AR e A KO s e, HLL
0 ~ 40 em B N B &, 2016 E4R T W F. S, FS Ak
P4+ )2 13 MBP & &0 558 CK ACFE i 35 42
20.96% ~ 193.53%. 8.62% ~ 114.37%. -9.74% ~
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200

300
250

Y R (mg - ke™!)

160

WYY R (mg - kg

200 -

T
2016 4F

CK F S
2017 4F

20184F

P ThAES] il

Lhein

FS CK F S FS CK F S FS CK F S FS

| 1 20~40 cm
X 10~20 cm
| 3 5~10cm

I 0~5 cm

CK F S FS CK F S FS
Jb

B 5 2016 ~ 2018 EFHYWHT HIEREWEYMER S ERZM

L - = a -

ab 2 ab

CK F S FS

- AT . ALY - THEIY] - LherNt
a

L C—120~40 cm
=X 10~20 cm
[ 3 5~10cm
- 0~5cm

[ ab ab

B 6 2016 ~ 2018 EFHYMT HIEREMEYMEHRSENZM
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102.14%; 2017 sEfh I F, S, FSAEH T &% + )2
+ 3 MBP &40 948 CK ALBR B —14.73% ~
73.95% . 44.85% ~ 122.22%. 59.14% ~ 133.76%;
2018 AE AR A By S, FS Ab LR 4% + )2 + 3 MBP
BB i CK AL PR i 3 46 5y 53.82% ~ 213.19%
30.93% ~ 276.21%. 3.16% ~ 357.07%.
2.6 AT HLYIARI R B S R RS 1 5
&7 AT, B el AR R 38, 55 2 AR
RACPEG + SRR BRS iR o A0 FEAE O ~ 40 em
- )2 b S RO I T 1 X B A ) R R A B A

100 - Hi P

20164F
80 - a | L
60
40

20

120

WEA, BLI IS R, 2016 FEHF. S,
FS AL T 4% A )2 A B R i I 1 43 1) A8 CK Ak 3
W F R H59.08% ~ 109.32%. 31.98% ~ 157.53%.
58.37% ~ 220.52%; 2017 4F- A F. S, FSAL#E T
2% )2 R FEREBEE PR 2 A CK AL 343 1) b 2
5 -0.10% ~ 5239%. 4392% ~ 86.87%. —5.82% ~
33.86%; 2018 4E A F. S, FS AbI R & + )2 -4
WGP 2 48 CK Ab P i B 4 —7.68% ~ 23.12%
(AEE) . 11.11% ~ 5439%. 2.94% ~ 125.78%.

B - N ~

Wi

a

= 100
=&
g
B
ARO .
=
=y
g
— ~ ~ ~ ~CK F S FS
—120~40 cm
I =3 10~20 cm
[ | /=3 5~10cm
a mm 0~5 cm
| be c ab - a
a
L b b
S FS CK F S FS CK F S FS CK F S FS

2.7 A HLRIRTER T - SR R AT A S

i P& 8 ml g, Bl e R AEBR A 3G, A 2 4
AR A B A T SRR A S e o BifIHE S AR T Y
B #E HE, 2016 ~ 2017420 ~ 40 em + 2 + HE IR
it PR R TN, 2018 4F - 358 IR I TE 1k S 3 n e
REARG, T L A% A TR 1 00 1 I8 2 vy T S R i T
PE, 2016 4F H B F. S, FSAMHE R & + 2 + HE iR
iy 1% 4 ¥ 85 CK Ak 3 43 5] £ = 4.88% ~ 43.52%.
1278% ~ 67.14%. 3540% ~ 6600%; 2017 4F i 1] F.
S. FSAb 3N 45 4 J2 £ 5 K B 05 M 43 51 ¢ CK Ak
O OE IR E-149% ~ 1361%. 2.08% ~ 696%.
028% ~ 8.88%; 2018 4E F. S, FS A N4+ 2 115
RTG53 4 CK AP &4 5 14.18% ~ 38.03%.

Vs
B 7 2016 ~ 2018 FHEHMAIXT LR EHEEEE R R200

1630% ~ 63.82%. 28.83% ~ 116.35%.
2.8 A HLYPRENT RO A SR AR R G 52
9 FTN, B ol AR A 35 m, 4% Ak 3
T S M R S 4 T R AIK, 2016. 2017 A
2018 - 0 ~ 40 em + )2 + HE K M 0 2 Wl v 4 7 AR
BB AR A, T ELAS AL R P D44 R
i b R M MR BTG . 2016 AE W FL S, FS 4k
PR 45 4 )2 A a4 i 2 1 0 R 43 0 8K CK A B
B R E-150% ~ 1441%. 16.62% ~ 68.57%.
4354% ~ 6124%; 2017 AR F. S, FS b3 T 4
)2 A SR R G 43 ¢ CK A 3L I S R
3.63% ~ 6.93%. 530% ~ 22.92%. 5.51% ~ 16.14%;
2018 AP F. S, FSALFEF 4% + 2 + S mai it i i
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TP R B 1

+3%

TR

- 24h7!)

(W} mg - ¢!

- 24h71)

(NHj-Nmg - g!

T
20164F

20184F

Y]
20164

20184F
a

- AT . FAE - TSI - W

CK F S

[ 1 20~40 cm
7 10~20 cm
1 5~10cm

| c b a L | Emm 0~5cm

CK F S FS CK F S FS CK F S FS CK F S FS
A

B8 2016 ~ 2018 FEFH I TEEMREEH EM =N

T AL TSI Wk

CK F S FES

120~40 cm

=3 10~20 cm

1 5~10cm

. 0~5 cm a
b a

B9 2016 ~ 2018 EHHMFIRT T FGl EREELEE A AT
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il 35 1 23 1) 45 CK Ak B 0 35 42 5 -5.85% ~ 3.64% .
16.76% ~ 44.55%. 7.25% ~ 26.99%.
2.9 F LR X HE SRR RN ) P A R ) % 28
e € anily

2016 ~ 2018 4F-Fh i b 7 24 K BT a],  7it FH A
NN JES RS FE AT DA Sk 25 4 e e 2 SRR IR PR . TR
i BRI B (£2), 2016, 2017, 2018 4F
MCRAEIE (F. S, FS) RPFRRL™ a2 514K CK AR 3
i 47.55% ~ 121.48% . 19.50% ~ 146.06%
M135.24% ~ 61.85%, 2016, 2017, 2018 4E R

it (F. S, FS) My 5™ 45 43 5l 85 CK Ab 2 4
5 —4.16% ~ 65.97%. 56.13% ~ 104.60% Fll -4.28% ~
33.61%. 2016, 2017, 2018 4F i K #ifi (F. S, FS)
() 5 P E 43 ) 45 CK AR B4R 5 10.83% ~ 48.22% .
36.77% ~ 77.33% H137.82% ~ 66.28%., 3 4FEH,
FS AbBREFERL AT P i A e, 4
WITE 2016 4 $2 755 12148% ., 6597%. 4822%; 1F 2017
AR 146.06% . 102.13% . 77.23%; 71E 2018 4E 42
5 36.55% . 23.53%. 43.20%. F AbIRAEERS 2 AEFE
3AER MR, HY FS A ERARE.

Fz2 2016 ~ 2018 EARFEM R LB FHRE~EH M (kg * hm™)
Ay Qb HPRLT= i fief B gk TR
2016 CK 451.1 £75.1¢ 17170.4 + 1161.9b 7584.2 +228.7h
F 665.6 + 58.9b 19747.5 £ 3828.2b 8473.9 + 1629.8b
S 875.6 + 25.2ab 16455.7 + 1612.8b 8405.4 + 852.4h
FS 999.1 + 19.6a 28497.7 + 1989.8a 11241.1 £ 740.8a
2017 CK 694.9 + 79.6¢ 15305.0 £ 917.6¢ 5469.3 + 160.5¢
F 1184.0 + 156.4a 31313.9 £ 2137.0a 9698.9 + 648.7a
830.4 + 38.0b 23895.9 +2039.7h 7480.2 + 555.3b
FS 1709.9 + 90.8a 30935.3 £2091.1a 9693.2 + 676.1a
2018 CK 769.3 £ 62.7¢ 21658.7 £ 478.9b 6296.0 + 2725.0b
F 1245.1 + 168.5a 28938.7 +4081.9a 10468.7 £ 2704.7a
S 1040.4 + 61.0b 20732.7 £ 1929.3b 8677.3 + 683.2ab
FS 1050.5 + 16.9ab 26755.3 +£3012.6a 9016.0 +474.4a

T A —ARO RSV R AN R OR b BRI 22 52 23 (P<0.05 ).

M S AT ST A% AT R A Tk 25 20 i (5%
3), Aol RS LB RLES LA F AL PR B A
TE 2017 A1 2018 4E R BLA G, BAWIE CK Ab B4y

A 7297 . 7121 Ju; HIROM FS AbEE, FE 2016
2017 AR IAE B, B EIER CK Ab Bk 387, 2972
TCo AHFFTIN N, F A3 3 5 o 418 v e 2 bk

Fz3 2016 ~ 2018 FikFEZMBEEFUES T (JC - hm™)
A
A sl it Pasli € TG €
AT+ P+ ki L JEIFERE A
2016 CK 5000 0 0 5000 20088 15088 0
F 5000 4500 0 9500 22849 13349 -1739
S 5000 0 5625 10625 23203 12578 -2511
FS 5000 4500 5625 15125 30600 15475 387
2017 CK 5000 0 0 5000 15410 10410 0
F 5000 4500 0 9500 27207 17707 7297
S 5000 0 5625 10625 20776 10151 -259
FS 5000 4500 5625 15125 28508 13383 2972
2018 CK 5000 0 0 5000 17663 12663 0
F 5000 4500 0 9500 20284 19784 7121
S 5000 0 5625 10625 24294 13669 1006
FS 5000 4500 5625 15125 25166 10041 -2622
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a, PEEHZTRRS ;s FS AP w1+
T, ST HAEENE, S R A T A
2.10  FHGT5HF

2016 ~ 2018 4F + ¥ pH, EC., MBC, MBN,
MBP. FEMERG . DREG . 08PERERR R S e A ™ i 2 (]
1) 3R A s (B 10, $4), 2016 Fi12017
AR — A DTBR R R Y A 43 A 7E CK AL E

20164 v

Dim2 (18.8% )
: ;
’}\

Dim2 ( 14.2% )

‘Diml (64.9%)

"Dim1 (72.2%)

Ak PR A+ B pH RN 43 A 7E S FFS Zb BRI £ EC
MBC. MBN., MBP. M, ki iR w2 okr w7
i, IS 3RS Dk R R R R A AR AE S R
FS Ab BRI RERERG ; 2018 4F 58— 32 0 v mk
RS A N A A0 A A6 CK AL 35 A% + 558 pH A3 A5 1
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IR Tt S ol P R i o
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* Diml (57.7%)

B 10 2016, 2017, 2018 £ XS FEZ B ER D S
1 : Sucrase, Urease. ALP. GY. FGY I DGY 703 - EEpEmG 1GE . IREHGVE . Sl PEBEIRERG TE . M bk i . SR =M T R &, T

o

[f. contrib /R - HERARXS EIHW DR, cos2 FRAAEI = HHHRARE LR RGP Y A

&4 2016, 2017, 2018 &£ TIEIEFRXT BT ER S BITTHE

- HEE 20164 20174F 20184F

Diml Dim2 Dim3 Dim1 Dim2 Dim3 Dim1 Dim2 Dim3

pH -0.80 0.55 0.19 -0.80 0.55 0.19 -0.97 0.06 -0.12

EC 0.88 -0.32 -0.30 0.88 -0.32 -0.30 0.80 -0.08 0.32
MBC 0.79 0.45 -0.40 0.79 0.45 —0.40 0.94 0.03 0.01
MBN 0.95 0.25 0.01 0.95 0.25 0.01 0.82 0.17 -0.44
MBP 0.90 0.38 -0.17 0.90 0.38 -0.17 0.53 -0.46 0.15
Sucrase 0.56 0.81 -0.08 0.56 0.81 -0.08 0.90 -0.23 0.00
Urease 0.78 0.59 0.05 0.78 0.59 0.05 0.98 -0.03 -0.08
ALP 0.87 0.47 0.00 0.87 0.47 0.00 0.97 -0.15 0.00
GY 0.95 0.10 0.00 0.95 0.10 0.00 0.35 0.69 -0.59
FGY 0.60 0.13 0.75 0.60 0.13 0.75 0.22 0.73 0.41
DGY 0.66 0.05 0.65 0.66 0.05 0.65 0.24 0.76 0.37

2.11 SRR REAHNG IR G PERA R S T pH 2 2 A

H 2% 5 Al A, 2016 4F + € MBN ., IR/, 6l 14
T T Tl M e A7 F R i 5 1198 pH R30I 25 T AH ¢
KFR, SHEEC B EEMCR; 2017 41
1 MBN. MBP. FEWHRG. DR, Gk e o e i
FRphire S 1 pH 2 B ERAMCKR, H5HIE
EC £ & F IEM KX R, 2018 45 11 MBC., MBN,

KR, SHPEECER FEMEKER, SR
Bf, o 34EMM], 13 MBC. MBN, MBP Flji#
WERG . DRREG . mPERERR G AR 2 [R] Y47 7F B 2 E A
KK FRy M KPR i IR B P i 2 5 ] 4 S ik
A A B IEASEE R, U HAE
KA LAERISE 2 45, BfE N RARFRAYHE AN, ek
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F:5 2016, 2017, 2018 E+IBEFIES =B HMEXXR
2016 4 pH EC MBC MBN MBP Sucrase Urease ALP GY FGY DGY
pH 1
EC -0.95" 1
MBC -0.46 0.67" 1
MBN -0.62" 0.73” 0.85"" 1
MBP -0.54 0.73" 0.93" 0.94™" 1
Sucrase -0.02 0.27 0.84" 0.72" 0.82" 1
Urease -0.92"" 0.86"" 0.33 0.60" 0.47 -0.03 1
ALP -0.93" 097 0.47 0.73” 0.61° 0.1 097" 1
GY -0.71" 0.79" 0.77" 0.95™ 0.89™" 0.59" 0.66" 0.77" 1
FGY -0.26 0.26 0.22 0.62" 0.47 0.39 0.44 0.46 0.61" 1
DGY -0.39 0.4 0.32 0.62" 0.49 0.37 0.51 0.53 0.6° 0.8" 1
2017 4 pH EC MBC MBN MBP Sucrase Urease ALP GY FGY DGY
pH 1
EC -0.93"" 1
MBC -0.46 0.56 1
MBN -0.84" 0.82" 0.79” 1
MBP -0.73" 0.77" 0.88™" 0.92™" 1
Sucrase -0.77" 0.69" 0.77" 0.85™" 0.817 1
Urease -0.58" 0.63 0.68 0.84™ 0.85" 0.48 1
ALP -0.92" 0.85"" 0.71" 0.96™" 0.86™" 0.92"" 0.67° 1
GY -0.58" 0.77" 0.56 0.64" 0.69" 0.32 0.76" 0.54 1
FGY -0.38 0.54 0.79" 0.55 0.817 0.47 0.65" 0.47 0.72" 1
DGY -0.36 0.52 0.75" 0.52 0.78" 0.41 0.66" 0.43 0.74" 0.99™" 1
2018 4 pH EC MBC MBN MBP Sucrase Urease ALP GY FGY DGY
pH 1
EC -0.91"™" 1
MBC -0.88"" 0.66" 1
MBN -0.70" 0.46 0.74” 1
MBP -0.45 0.36 0.49 0.41 1
Sucrase -0.89™" 0.67° 0.86" 0.67" 0.43 1
Urease -0.94™" 0.75" 0.92" 0.80" 0.47 0.88" 1
ALP -0.94™" 0.76" 0.92" 0.73" 0.55 0.95" 0.96" 1
GY -0.23 0.1 0.31 0.63" -0.18 0.1 0.36 0.23 1
FGY -0.21 0.29 0.14 0.25 0.04 -0.04 0.1 0.05 0.36 1
DGY -0.19 0.09 0.36 0.09 -0.21 0.11 0.24 0.18 0.34 0.56 1
Heeow, w o SRIRERALE 005, 0.01, 0.001 K- AR B2
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Effects of organic materials on soil properties and oat yields in a saline-alkaline environment in northern China

LU Pei-na'* 2, LIU Jing-hui]*, LI Li-junl, BAI Jian-hui', ZHAO Bao-ping] , MI Jun-zhen', LIU Min® (1. College of
Agriculture, Inner Mongolia Agricultural University, Hohhot Inner Mongolia 010019; 2. Gansu Agricultural University/
State Key Laboratory of Aridland Crop Science, Lanzou Gansu 730000; 3. Ordos Agriculture and Animal Husbandry
Ecology and Resource Protection Center, Ordos Inner Mongolia 017000 )

Abstract: In order to explore the effects of organic materials on the saline-alkaline soil physicochemical and biological
properties, the experiment was continuously conducted in the saline-alkaline environment of Hailiutu site of Inner Mongolia
Agricultural University from 2016 to 2018. The changes of soil pH, electrical conductivity, the contents of soil microbial
biomass carbon, nitrogen, phosphorus, soil enzyme activities, and oat yields were investigated under four treatments:
negative control ( CK ), bio-fertilizer (F ), decomposed straw (S), and decomposed straw combined with bio-fertilizer ( FS ).
The results showed that I, S and FS treatments significantly decreased soil pHin0 ~ 5, 5 ~ 10, 10 ~ 20 and 20 ~ 40 cm
soil layers, as well as significantly increased the contents of soil microbial biomass carbon, nitrogen, phosphorus, and
soil enzyme activities of sucrase, urease and alkaline phosphatase in 2016, 2017 and 2018, and FS treatment performed
best, but it caused higher soil conductivity. Compared with the control, the grain yield, fresh grass yield and dry grass
yield increased by 121.48%, 65.97% and 48.22% in 2016, and increased by 146.06%, 102.13% and 77.23% in 2017,
and increased by 36.55%, 23.53% and 43.20% in 2018, respectively; In 2016 and 2017, the economic benefits of oats
improved. In addition, when organic materials were continuously positioning applied to the saline-alkali land, oat grain
yield was directly and indirectly affected by soil physical, chemical and biological properties in 2016, 2017 and 2018.

Key words: saline-alkaline soil; organic materials; soil microbial biomass; soil enzyme activity; oat yields



