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Effects of Application of Straw and Organic-inorganic Fertilizers on Soil
Quality and Wheat Yield in Different Texture Fluvo-aquic Soils

GUO Wei" %, LI Dandan', XU Jisheng', ZHOU Yunpeng' ?, WANG Qingxia" %, ZHOU Tantan"*, ZHAO Bingzi" '

(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. University of Chinese Academy of Sciences, Nanjing, Nanjing
211135, China)

Abstract: [ Objective ] The combined application of crop straw with chemical fertilizers and manure is an effective measure to
improve soil quality, but its effect on wheat yield and its mechanism in the different textures of fluvo-aquic soils are still unclear.
[ Method ] Here, we examined shifts in soil quality and wheat grain yield when three soil textures (sandy, loam and clay) were
subjected to different management strategies and through a 7-year field experiment at the Fengqiu Agro-Ecological Experimental
Station of the Chinese Academy of Sciences. Five different treatments were used: no fertilizer or crop straw returning(N0SO0), crop
straw returning(NOS), traditional chemical fertilization(NS0), crop straw returning with chemical fertilizer(NS), and crop straw
returning with chemical fertilizer and the nitrogen was substituted 20% by chicken manure(NSM). [ Result ] The results showed that
compared with the NOSO treatment, the grain yield under the NS treatment was increased by 611.56%, 440.00%, and 403.55% while
under the NSM treatment, it was increased by 676.56%, 546.67% and 492.86%, respectively. In sandy, loam, and clay soils,
compared with the NOSO treatment, the soil quality index(SQI) under the NOS and NSO treatments was significantly increased, with
that under the NS treatment being more significant. In sandy soil, the SQI of the NSM treatment was better than that of the NS
treatment, but in loam and clay soils, the SQI of the NSM and NS treatments showed no significant differences. Random forest
analysis indicated that in sandy soil, grain yield was significantly affected by pH, alkali-hydrolyzable nitrogen(AHN), dissolved
organic nitrogen(DON), available phosphorus(AP), soil organic carbon(SOC), and available potassium(AK), in loam soil, it was
significantly affected by AP, pH, AK, AHN, microbial biomass carbon(MBC), and SOC, while in clay soil, grain yield was
significantly affected by AP, DON, AHN, and pH. The partial least squares path model(PLS-PM) showed that in sandy, loam, and
clay soils, the soil properties significantly affecting grain yield were significantly regulated by management strategies, and all of
these properties had significant effects on SQI, and SQI had direct significant effects on grain yield. The key soil properties affecting
grain yield could be used as indicators to monitor the changes in soil quality and grain yield to select management strategies. In
addition, in loam soil, SQI also indirectly affected the grain yield by affecting wheat yield components. [ Conclusion ] The combined
application of crop straw with chemical fertilizers and chicken manure improved soil quality and directly or indirectly affected grain
yield through different action modes in the different textures of fluvo-aquic soils.

Key words: Straw returning; Organic fertilizer; Chemical fertilizer; Soil quality; Nutrient concentration; Wheat yield
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experimental period
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M NSM A BRAEREFP R IZ AL B — ARk 1Y)
SRS FF 2T AR RS, A N TR 2R H
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B VED 1 3 RSB

NSO, NS 1 NSM &b 7E /N2 2= (1) it IE AR 1 -
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HIAE ( K,0 ) 105.0 kg-hm 25 78 3 K 7 (it AL AR N -
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Table 1 Basic soil properties before the experiment
- UL ZH + e AL P
i I . Lo . .
Soil particle composition/% Soil physicochemical properties
Soil texture
2~0.02mm  0.02~0.002mm  <0.002 mm pH TN/ (gkg') TP/ (gkg') TK/ (gkg')
fit+ Sandy soil 85.91+0.01a 9.50+0.01¢ 4.59+0.00¢ 8.68+0.02a 0.35+0.06¢ 0.87+0.01b 18.29+0.13b
HE+ Loamsoil  64.65+0.01b 20.84+0.00b 14.52+0.01b 8.51+0.01b 0.62+0.06b 1.08+0.02a 18.03+£0.05¢
Zh 1 Clay soil 6.75+0.04¢ 54.23+0.04a 39.02+0.04a 8.51+0.01b 0.94+0.02a 1.10+£0.01a 20.78+0.05a

e TN: @%&; TP: &#; TK. 4. FhEdE N FRELRMER (n=3), FEIIANE/NG FRERR AR L (b1, 1%
TR+ ) MEREFH (P<0.05), Note: TN: Total nitrogen; TP: Total phosphorus; TK: Total potassium. The data in the table are of

means + standard deviation ( n=3) . Different letters in the same column indicate a significant difference between different soil textures

(P<0.05) .

hFEit, HAy 60% T KW TR Sy ai AE it . W
JIES TR B 1 2 it A v 389 R it . /INAZ ZE R R OK
AL AR5 M PR R (5 N 46.0% ) R — (% P,0s
42.0% ) FIELIRET (& KyO 52.0% ). /NEZEHIEK
ZEta AT rh, NSM b Bt FH Ay PR 2R 1 08 o UMt
PRI 80% , HAR 20%H FHASFEA MU N 24.16 gkg '
P,0; 8.04 gkg s K,0 10.40 g-kg ') 4%, FH¥msie
IR A i P o o 0ok 25 i X 2 MLAE TR Y P,O5 A
KO FriJE, 8 IR — e Mm B4 #b 75 L3k it
FAFRUE, W52 HLAEAE N SRR
1.3 HRRESNE

TR TR N AR AR T 2019 4F 6 H /N IR
PG R . AR S BERFEEM H L4 RETA /DX
0~20 cm T#E, WAEFFRMER S, —Ha KT E
T AR B 2, — 3R A7 T-20°CH
T EEA R (DOC ). AT % A HLA
(DON)., AW A Y Eix (MBC) FEEYAEY &
A (MBN) WE o /NAZRERRAE i 43 kP RS PR
A3, A BT RO S T 2R (TN ), &8 (TP)
AE (TK) S .

+3% pH., AWK (SOC)., WfitA (AHN), A
s (AP) FEZCH (AK) & 5 DL /INEZ PR
FEFEAY N P AT K &R A& #UO 2:U5E ; DoC
fil DON RH Multi C/N 434712 ( Analytik Jena,
Multi3100, [ ) il ; MBC Fl MBN % &5
ZER U R
14 TEREHEHHE

AWEGE RSB HEE, 5T Duncan £ #
LA BRI AN [T A B ] BLAT i 222 5 (P <0.05)

i)t 3Ede bR, R pH, SOC., AHN, AP, AK., DOC,
MBC. DON Fll MBN %% 9 /i~ + 34845, HLITEM A
I ot A A XX - 498 T () S ) . = 48 5 i 45 4 ( Soil
quality index, SQI) & Ll "R .

B, HEA LIERAREC 0~ 1.0 Z [ 15
4y (si), £ LR, SOC. AHN, AP, AK,
DOC ., MBC.DON #l MBN #4531 it A2 s 5,
pH 975 70l i A s! 1A

Si’ _ i min ( 1 )
Xmax ~ *min
X, —X;
Si” —_max "7 ( 2 )
Xmax ~ *min

Ao, s oNE | EARIIAEAT, X Xpay P X 2301
N T SRR IILE  fRAE R fME

Hok, st BT, ARIEE @ HERRILE
A5 A TR AR Z A LRI @ A
TEPRHIALE (w;)o feA, FEAF 50 A (s)) T LA A E
(w;), 75 SQI:

SQI =" wxs, (3)

X, 0 NIEFROBCE, s, Fw, RS | N IERRAYAS
4y AL EE .
1.5 HIESITHH

{11 SPSS 26.0 ZXAF A FRE 2 7 225381 ( ANOVA )
1 Duncan £ 8 Fb 4 50 B AS [R] b B 8] /N 22 k77 7=
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i RN R FPRRIRS A SR B
AR R SQI Y25, fliFH R4.2.2 #fH-1) randomForest
£ FN rfPermute GLHE1TREALARAR AT, LLITAN 52 i A
L Y g A BT R A L —
TR MABIAL T SQI 5 /N FFRL = A R o
i F R4.2.2 419 plspm £ 4 i e /)N — T B AR AR
# ( Partial least squares path model, PLS-PM ), Ll
Gy BT R N PR AL . ARG A AR
Microsoft Excel2019, R4.2.2 F1 Origin 2021 k{4t
TTEE A B2 1K

2 4 R

2.1 AEEELENNEFERTEHMER
AL B /N AR Y R O 118~

9.84 thm?, 7EE+HH 1.37~9.38 thm?, 7%+
1o 1.15~7.21 thm™> (% 2). 5 NOSO 4bFHAH L,
NOS AbHFER) + | 3+ B+ Pk = B0 B
Afk. 5 NOSO ZbFEAH L, NSO AbHEfERS 4 | HE
FRL e i 25 i 4, SRS 539.20% .
410.12%7F1 328.21%; NS AbFH7ERD 4 FIZh 4 kR
P — AR T, MR R S R 611.56%
403.55%, {BFEEE L AgBS IR 440.00%, 5 NSO
SRR AR RN 35 22 5 0 NSMARBRTERD + | 1
S B RS T 1o <l TR L L B 4= L Prac |
9.84., 9.38 il 7.21 thm >, 5 NOSO &b B A H 43 513
T 676.56% . 546.67%K1 492.86%.

5 NOSO 4bBEAH I, NOS AbM7ERS + .
PR, TR E MRS R E A (E2),
5 NOSO 4b#iAHEL, NSO, NS 1 NSM 4 H#i7ER) 4

x2 TREERAENEFERFEMHER

Table 2 Yield and yield components of wheat relative to treatments

PR K Z Yield components

TP fb 3 FPRL™
R TR TERE 2
Soil texture Treatment Grain yield/ ( thm™?)
Spike number ( plantm?®) 1 000-grain weight/g  Grain number/spike

b+ NOSO 1.2740.06d 411.00+16.07b 42.43+1.89b 17.83+0.71b
Sandy soil NOS 1.18+0.02d 380.22+33.57b 43.04+3.00b 14.13+4.59b
NSO 8.10+0.16¢ 564.89+13.18a 48.40+0.71ab 31.57+0.81a
NS 9.01+0.16b 585.44+231a 49.36+0.97a 33.33%1.17a
NSM 9.84+0.13a 584.66+22.56a 48.23+0.89ab 35.234+0.13a
e+ NO0S0 1.4540.13¢ 400.89+15.99b 42.75+1.27b 16.73+£2.84b
Loam soil NOS 1.3740.07¢ 385.45+14.39b 42.21+0.15b 13.20£2.19b
NSO 7.40+0.08b 487.78+12.93a 50.40+0.47a 28.00+3.00a
NS 7.83+£0.41b 505.44+31.52a 49.98+0.47a 28.10+1.24a
NSM 9.38+0.29a 536.00+26.77a 49.45+1.06a 28.63+0.75a
Ht NOS0 1.22+0.07d 467.55+47.26a 41.39+0.54b 12.00+2.45b
Clay soil NOS 1.15+0.04d 394.89+11.58a 44.65+2.69b 15.33+£3.15b
NSO 5.2140.09¢ 421.11+£17.98a 50.62+0.42a 27.37+0.61a
NS 6.13+0.12b 453.00+19.88a 51.31£0.64a 30.83+1.24a
NSM 7.21+£0.28a 467.00+6.17a 50.30+0.60a 29.23+1.10a

T : NOSO: A fLIE+HFSFFES s NOS: AN LIE+HHEFFE H 3 NSO: W ML IE+-FSFF B NS # AU AL AE+F5 #1346 HH ; NSM:
AN+ AT -+ AS SRR 20% N0 o R 8t A P (AR R (n=3 ), [ —FU ARG 5 R R 2% 50 - 8 P AN ] b B ) 22 55

# (P<0.05). T[E. Note: NOSO: No chemical fertilizer or crop straw returning; NOS: crop straw returning without chemical fertilizer;

NSO: traditional chemical fertilization without crop straw returning; NS: crop straw returning with chemical fertilizer; NSM: crop straw

returning with chemical fertilizer and the nitrogen was substituted 20% by chicken manure. The data in the table are of means + standard

deviation ( n=3) . Different letters in the same column indicate a significant difference between treatments in this soil texture ( P<0.05 ) . The

same as below.
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Fge + i EEBOY WS R TS I N 40.71% 1
27.15%; MITERE Lrh, 25 A B A A 22 AN 3%
5 NOSO ZbHAHL, NSO, NS Fl NSM 4h#7EE 1
FIRE A TR EE X 4, P34 g 16.82%
1 22.60%, MAERY A A NS &b B TR A
NOSO 4bFH i E 2, h 4936 g, HANT 16.33%.
5 NOSO ZbFEAHEL, NSO, NS fil NSM b H#i7Efb + |
e ORI RE b R R A AR T A i
87.17%. 68.79%7H1 95.67%.
22 AEHEELEA/NEFHNNETRESSE
NOS b HAERD +HokPkL N FPRL P FIFFRL K 75

B 1712, 4.31 F13.00 gkg', 5 NOSO 43§
A R, WIS 7.79% . 17.87%F1
8.71%, TMi7EHE - FIZE - kL N APk P ADFFARL K
TEPTIEELM(ER 3 ), 5 NSO b HAH L, NSO,
NS 1 NSM b BEFERD 4= | 1 L FZG L hokeR N & i
BRI R W E T m, P45 B 42.04% . 18.89%
M1 29.02%. 5 NOSO 4bFEAH L, NSO. NS F1 NSM
AEERAERD L R L kR P R, A
SFEAR 14.34%F01 24.59%, FFRL K &5 & P40 51 %
i 6.01%F1 12.98%, MI7ELE - HkfkL P FIFFRL K 5
T AR

#®3 TRMBRLENZIFHNMETFIEE

Table 3 Nutrient concentrations of wheat grain and wheat straw relative to treatments

AL N i KPR P i FRL K FEAF N &7 F5FT P & FEFF K &
+- 3T Ab 3 Grain N Grain P Grain K Straw N Straw P Straw K
Soil texture Treatment concentration/ concentration/ concentration/ concentration/ concentration/  concentration/
(gkeg!) (gke!) (gkg') (gkg!) (gkg!) (gke!)
b+ NO0SO 15.88+0.42¢ 3.66+0.18b 2.76+0.05b 3.25+0.20c 0.45+0.04ab 14.89+1.02¢
Sandy soil NOS 17.12+0.13b 4.31+0.06a 3.00+0.06a 3.49+0.18¢c 0.53+0.08a 17.26+0.64c
NSO 22.32+0.35a 3.07+0.06¢ 2.54+0.04c 5.02+0.24ab 0.37+0.05ab 27.27+1.09b
NS 23.07+0.23a 3.07+0.09¢ 2.58+0.04¢ 4.72+0.23b 0.31+0.08b 33.34+3.85ab
NSM 22.29+0.63a 3.26+0.15¢ 2.65+0.04bc 5.38+0.13a 0.36+0.03ab 39.794+2.93a
et NO0SO 18.82+0.37b 3.49+0.01a 2.63+0.05a 3.01+0.11b 0.23+0.01a 15.15+0.69b
Loam soil NOS 18.99+0.29b 3.774£0.16a 2.73+0.09a 3.14+0.05b 0.31+0.03a 18.62+4.92b
NSO 23.10+0.53a 3.26+0.16a 2.55+0.08a 4.26+0.16a 0.25+0.03a 26.10+0.13a
NS 22.22+0.36a 3.48+0.28a 2.66+0.09a 4.47+0.14a 0.29+0.07a 30.14+0.86a
NSM 21.80+0.83a 3.29+0.10a 2.63+0.05a 4.21+0.27a 0.30+0.05a 31.98+0.62a
&+t NO0SO 17.49+0.37¢ 4.42+0.21a 2.95+0.09a 3.444+0.17b 0.46+0.03ab 16.42+0.54¢
Clay soil NOS 17.52+0.43¢ 4.35+0.04a 2.88+0.01ab 3.82+0.11b 0.58+0.07a 18.03+0.25¢
NSO 23.34+0.39a 3.10+0.07¢ 2.47+£0.03¢ 5.18+0.47a 0.40+0.09ab 21.21+0.58b
NS 22.70+0.18ab 3.26+0.11bc 2.55+0.05bc 4.40+0.38ab 0.30+0.04b 25.65+1.50a
NSM 21.67+0.36b 3.64+0.17b 2.69+0.09b 4.11+0.09b 0.28+0.04b 25.79+1.10a

5 NOSO ZbFHAHLL, NOS AbFELERD + | B+ F0
B PR FE N SR RS P S RARSF K SR
WAL, 5 NOSO ZbHEAH HL, NSO, NS il NSM 4k
MED L EEF LR K &Y EEAR,
SEE 4 BN 124.80% . 94.13%F1 47.45% . 5 NOSO
AEFRAH L, NSO, NS Fl NSM 4b¥E7EwD + FliE +
FifF N SRR, FHanEm 54.92%F

43.26%, MifEZE+ 0 HA NSO AL HFEFS AT N & 3

BE, MS518gkg !, HMT 50.44%.
23 AEMEEAENTEENERMNTIERERE
#
403 38 pH JEFEIERD 1Pk 8.09~8.79, 1F
Btk 8.13~8.51, FERi1h 8.26~8.52 (K 2),
5 NOSO AbAHLL, NOS bBRERS +rh pH WA
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0.98%, {H7EIE +FI%h 1 rh I i 72 1k ; NSO 4bFRTE
Wt LA pH 8 EREA, FRIES 5N
4.13%. 2.39%F1 1.49%; NS Fl NSM &b 37E = Fh 5
Mo pH i — DR, PRI 33 n =
7.69%. 4.11%7F1 2.99%, {H NS 1 NSM &b # 2 [a]
pH 7E = Fh S+ rh ¥ E 25 7 . 5 NOSO 4b 3
HHE, NOS ZbHAERD + Fngh + b ¥ B 248 & T SoC
I AK Frit, FERD by 3G n 35.32%F1 39.68%,
EZE LR34 0 11.08%F0 42.14%, 1 AHN | AP,
MBC F1 DON i Jo b 484k ; A b i 4 &
T DON &g, BT 81.09%, 1fii SOC. AK, AHN,
AP fl MBC &t #8fk. 5 NOS AbHEAH L,

CINOSO ZZ2N0S EZEINSO EENS mENSM

NSO ZbHEFERD - AHN F1 AP & it W 42 5, 43001
AT 49.15% 198.14%, 1 SOC., AK, MBC F1 DON
ST EZ; EHEL T SOC., AHN Fl AP & &
R, RN 16.10% . 25.84%7F1 239.40%,
Ml AK., MBC #l DON & i &4 f; 7t
AHN AP il DON & & i & 4 & , 23 035 18.78%
185.49%F1 66.69%, i SOC Fil MBC 5 & JC it % 48
fb. 5 NOS FIl NSO &b #HAH L, NS Ab#E7ERD + ik
FEE T SOC., AHN, AK., MBC #l DON %4,
SER A IR 57.46% . 80.14% ., 140.80%. 219.37%
1 155.36%, 4393k 6.60 g'kg'. 53.25 mg-kg .
115.89 mgkg'. 134.44 mgkg 'l 14.01 mgkg';
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Bt
Loam soil

Loam soil

Sandy soil

Clay soil

{E: SOC: HEAHLEK; AHN: BURE; AP: AW AK. @HH; DOC: WHEEAHLEK; MBC: RUEMEYEEK; DON:
A MEA PLA  MBN: fUE WA Wi A FRIE DR 22 20 AR iR | R IR/ING T2 8 3R 78 12 BT b - 48 O () b 3L 1 25 5 8 35 ( P <0.05 )
TIA, Note: SOC: Soil organic carbon; AHN: Alkali-hydrolyzable nitrogen; AP: Available phosphorus; AK: Available potassium;
DOC: Dissolved organic carbon; MBC: Microbial biomass carbon; DON: Dissolved organic nitrogen; MBN: Microbial biomass nitrogen.
The error lines in the bar chart are standard errors. Different letters indicate a significant difference between treatments in this soil texture

( P<0.05) . The same as below.

P2 ASTa] i A Ak 34 - 8 2 A A

Fig. 2 Soil physicochemical properties relative to treatments
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TR h i E R m T SOC. AHN, AK Hl MBC &
7, FEH SRR 41.16% . 60.66% . 139.04% A
66.43%, 4rHlik%] 11.18 gkg'. 83.21 mgkg ',
202.37 mg'kg ™' Fl 251.28 mgkg s 7EF b R
T SOC. AHN il MBC &g, “F345 503 fin
26.40%. 25.58%F1 48.28%, 4r4HIiAF] 15.25 gkg .
94.26 mg-kg ' F1 310.76 mg'kg ', 5 NS AbFAHIL,
NSM &b FEAERD - FI g + bl — 20 W 3385 T SOC.,
AHN 1 AP Fat, 7E®0 LrhorildEim 18.85%.
29.49% M 73.42% , 43 0l ik F 7.84 gkg! .
68.96 mg-kg ' Fl 34.12 mg-kg', TEZL o Risg N
6.69%. 15.33%F0 42.32%, Zrik#] 16.27 gkg '
108.71 mg-kg ' Fl 27.24 mg'kg 5 (3 L rhgt—4
FIRE T AP SR BN T 49.82%, 155 27.33 mgkg .
K 3 i, 5 NOSO AbBEAI L, NOS A1 NSO 4k
PRTERD 4 | HEREE b SQI ¥ W E T, FH A
BT 200.00% . 330.58%F1 263.78%; NS AbFHTE
. LR b SQI ik — D4R TE, B HE 43
4 923.86% . 1 122.17%F1 795.91%, 4 illik%] 0.72 .
0.73 11 0.66 . NSM A HFERD £ SQI LT NS Ab#H,
5 NOSO 4L BRAH Fe RS AN 1204.71%, 1A% 0.91, {HFE

BB NS A R

CINOSO ZZ2N0S CINSO E= NS = NSM

a

0.8

0.6

0.4

T HEBTHE £ SQI

0.2

fib+ Sandy soil ¥+ Loam soil

P13 AN [ it S Ak 2 o 5 4

Fig. 3 Soil quality index relative to treatments

Zh+ Clay soil

24 INEFEXMEZENESH

BEHLARAR T (] 4) 2558360, #b+rh, pH.
AHN, DON. AP, SOC Fl AK S5k il ek
3T HE+ A, AP, pH. AK. AHN, MBC #il SOC
SRR FPRL = G 1EET; 26+, AP, DON,
AHN Fl pH SRR kPRt Y S 3o

FPRLF= it Grain yield FFRLF= e Grain yield FFRLF= 1 Grain yield
b+ Sandy soil % +Loam soil F £ Clay soil
pH | w AP | AP |
AHN | Hk PH | *ok DON | *ok
DON |« AK | AHN | xx
AP | AHN | * PH E
soc |« MBC | * soc| ]
AK | s soc | mec| ]
MBN :‘ R*=0.94 MBN :l R*=0.93 MBN :‘ R*=0.92
poc| ] DON | | AR ]
0 2 4 6 8 1.0 0 2 4l 6‘ 8l lIO 0 2 4 6 8 lIO

¥y iR 2E

Increase in mean squared error/%

KAy iR 2

Increase in mean squared error/%

I

Increase in mean squared error/%

e s R A (P <0.05) FIfl i A& (P <0.01). Note: “* ” indicates a significant correlation ( P <0.05 ), and

“#*% > indicates an extremely significant correlation ( P <0.01) .

B4 SENRPRL™ B A O HE - S BEAE 5

Fig. 4 Key soil physicochemical properties affecting grain yield
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HIFELH, SQI SkFAL - R B FIE MR

fi+ Sandy soil 1+ Loam soil Fh+ Clay soil
1.00F NO0SO
3=0.0709x + 0.0065 3=0.0764x + 0.0108 3=0.0947x + 0.0179 -
| R*=0.68, P<0.001 R*=0.72, P < 0.001 ¢ sl R=0.72,P<0.001 . NOS
= 0.75] 075+ . 0.75
o4 g NSO
] ) . °NS
31\3 0.50t 0.50t 0.50r NSM
HEC
B 025} 025t 5t
H 0.25
25 50 75 10.0 25 5.0 75 10.0 2 4 6
FRiF= 1 Grain yield/(thm™) FRP= Grain yield/(thm™) FRiF= 1 Grain yield/(thm™)

IR 90i8 ¢ =5/ 5T X s - §ibEe < A LR i)

Fig. 5 Linear regression analysis of soil quality index and grain yield

St — 25 B A A A AR AR | S R
MG R AR T . TR NEFR SR
FEEA R R SRR R Z R, T i
NIRRT (K 6) o BRI, Wi
KPR 5 ) CHE + VBT (pH. AHN., DON. AP,
SOC I AK ) . 48+ s mapkibr ™ £ i) 5C g -3 vk
5 (AP, pH., AK., AHN, MBC f1 SOC) Ffli%hi+

SEMAFE AL 5 A OCHE - S8 it ( AP, DON., AHN
Al pH ) Y2 AC A i 28, JF B SQI, H
HBR pH AZMEIER A4 H S SQI Ak, HAth
-3t S A7 it IEAR GO E R4 HS SQI IEAHSE

Rt AL, SQI Bk i A
AREWEEIER . e b, FRFRr &S
SQI BF AR, FFHkFR™ & B AAHC, 7R
+rr, RN RS SQI BEIEME, I S5kk
7 R A G .

SR RERL = 1) 5 3RO, ZERD
SOC X KA ™=t ELAT $5z e 1) (B B2 IE 00 s AR+,
SOC F1 MBC X FPRLy™ i HA I WU R IE RN ;. 7R
Fidrh, AHN XPFPRL 5 HAT fe s 9 R 800

3 3 ®

3.0 AEMERERX HEEA RN IEREN
A
AWFFEEE R, AHN, pH il AP fERD + | 3
+ AEE A P R kR R G B - R bR (&
4), MEEERIAED], AHN, pH #il AP X} SQI BA

Em (K 6). RERMEWAK I W REE WY
ot Z ", RRRE R A S A R AR AR A A
R EERGER S AR R R, T
Wt M, NOS AbHRAFERL RS NOSO
SEPEAR T R E 2 (R 2), RIEAHALAE A1
SR, FEFFREINIE ARG R AL Islam 45D
R, E/NE-FERBRERG D, TEATEACIE B
B, FEFFIRH X PR BE W, E BT
TEY =, X S5ABIES AR X AT RE Tk
Y ak 2 RS A o3 A v FE T IR RUKF, it AR T
CHRRIE AL ) AT LAGE N a8 0 &0, DTSRI A )
TR, PEHEREFT 0, AR TVEY AR R Sk AL
1, Huang 735 H G HLRUIE A it FF 23 in 3k
A USRI 0 i . AW, 7Efb 4. LR
+r, NOS 4 FEAY AHN 7 &5 N0SO0 AbFHAH b3 I
WEEES (E 2), MELUGU: Y6 st L 92 1K)
RIE. 148 pH 5 HIEFR 0 RE FAE P0G P %
PIAEE 7 191 Giovannetti 25135 H i 3837 4%
PIE TS (40 NO; . NH; il H,PO, ) Bi/EWIHR &
WS, pH X SR0A srE BA CHAE T, Huang %7
5T W], pH A] 520 3 fU2E W AN L IR IS 1, DA

S S FE o R R R IR SR Ay Ak . TERR M
(pH<6.5) 1, pH MY NFESE HIERILERE, M
MG S A FESRTE . faF LEAEY,
AR 231 i AR A R 80 | A AR B R
FREY, IR VPR K A it A B
(pH>7.5) ", pH M@ YRR S5 & b ZFpa-
FRFRr B Al A, I ELEN e SRk R A g
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Fig. 6 Partial least squares path model for influencing mechanism of wheat yield
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KA, AN pH (YIS 2 FEARA 2 R T AR AH i A=
R R K st ARFgE X S HEOR M+, 5%
GRRRM, fER A AR, fRRE Y
NSO 4bFE) pH AHAS NOSO A3 i AL (&l 2),
35 e A G S 3 A A A P RSB T 23 A ) - 4
pH TFEA 2, NS F1 NSM AbHfY pH A% NSO
BRI — WE TR (L 2), X AT RES IR RS FF
A HUIE J5 78 AL IR 2 55 R 55 R 1 4 o 0% 38 A
KU pH A T R 2 fff eI BT TR T
A KRN S A R E AR, B A 2 3R A
A S5 T R B A W AR A K P AP AT LAY
Wi VE AR 2 1) A B AR e S MR, DA AR I
IYEERUSE L FERRIERY, RS E B, TERD L B
B, 5 NSO AR EL, NS ZbEE[) AP i
TCRFEARAL, i NSM AbH) R T AP S
(E 2), XATREE M TEICEMRA /N EHM A & A
AWTEERMAEY, EAR TIRRR, BT 15
T A e

AW 4ERFE, SOC Ml AK 7ERD + FlsE 4 v
A5 WRRERE = i (1) B 1 48 4%, DON e/ + FZ
T+ Ry S AR DGR bR, MBC fE3E L oy
SEMAFFRL ™ 5 1 OCEE R A (1] 4), BRARAR LA 2
SOC. AK. DON F1 MBC ¥% SQI B4 & # 5% i
(E 6). Sk ARAIEL, FLAR AR AT R4 T %60
SMNIFRSYEIA, S8 SOC BLER, BEiy SOoC ik
Al DA R HESS R . REAK AR IR G I LA B it
TEUIE R TR RS T E MR ERTE P,
IF B A A K W EZRERORIEN Y, I U/
YK . Zhang AV BRAK AR Bt RS AT S R T
SOC & i, I HAEY ™ & 5 SOC & &t &2 & A G
Yo AR LI, P EMAE L, NSM AEE
SOC F it # NS ab s — 2427 (K 2), RWZENE
T T A HURFEAL LI I sOC &0, s 5 ar AP
MBI 25 R —3 . T EERNE, 1EYr=& M SoC
R AR PEAN DG, BDY SOC fif ik B I A
B, EY= R ARSI LR, ARt )
EKW, 185 AK 225172 AT B REREE
T, IF HAZ RS ARA B B #5200 . Duncan 45122
g, AK AT LAsZ I 3 N AR, oY KAl
Do 90 ORISR R B AE
RO R NH, , X —i e T NHy [7] NO; %%
b, FETFEYX N BB, AT, AK 72+

AR S SR TS ALY oA G | S 42 T W AP P S A
JeREEw (K 4), fEt ., EEME LT, K403
B AK & J L 433 32,79~ 122.69 mgkg '
52.69~202.37 mg-kg ' fil 180.44~325.07 mgkg '
(K 2),&ME+THT AK FLE i AK R4,
{H TR ARAE RO H 4 4 aod o 2 A A SRR TR o 4 AiE
KEWAEETM, AFTFEDHARK.

AW LE SRR, HE 4 NS Fil NSM 4b B H A
I MBC & &, Bb R+ NS Fl NSM 4b#
HA RN DON & (K 2), NREmRMATE
FUE A Y AR BCRE i A BRI, RS
5 - SR HUR R AL AR ER, JF HL
e - SR A R i e %5 AR, At
FeW M8 D% i HEE B B S ) MBC

8 T R XA B R AR R A A D A
HOCHERO, ARBFITASIRFE I, NS Al NSM AbH7ERD
+ . HEREE A SQI ¥ AR R R, Hoh T
W4, NSM AbBEAIA: NS 4bHiE— 4T T SQI
(P 3),  RIPh e e it 5 T 55 A RS e 2% R X 2% 3
o st - HER AT RO DL K pH Ml SOC 254845, 42
FT TR He MR, fe/NERME RS,
SR HENEAHLE , A PUIE R 20%AE &% 52
FHT SQI, Li 4EBNEH, Flhisge. R
4 Witk pH. SOC, TN, AK, AP, NO;-N fil
NH,,-N % = Heth: 5 if xof 398 o 2 7= A BU e i, 5
AT 5T 25 T AR
3.2 AEABEEXNEFSSENZM

AN it AE A 2 ma fE DA AR T R LR
ROFIFSF R N. PRI K SFE IR0 R M i m] LU it
INFERE A IR B WBORUR T, /N2 A K R
T HA R P

FAEREE . KPR RS & RN P 2 [ A
HIMIKRN 2 R, Wt 5tk
AE A NSO AbHEAH EE , NS Fil NSM Ab B g 4w 7+
e s (F 3) APk (£ 2), 33 44k
PHEAFFRL N, P I K SRR E2ZS, 5l
FEAE 22.29~23.07 gkg ' .3.07~3.26 g-kg ' 1 2.54~
2.65 gkg 'TEEIN (£ 3), XAlRERE M T8RN
A K R PR IR RN P, Lollato %51
i A 7 5 [ AR T P S R AT KR (1966—
2016 4 ), KB Y /N AP R AE 4.0 thm > DL BT,
R NI R P e TN i S N VAN o A

http://pedologica.issas.ac.cn



54 A S APITCHUALECHE X AN ] 5 i) b 3 oo i A/ N2 7 B 5 1371

il 6.0 thm > BF, kR N & EEETE 19.9 gkg !
A, SARMIEARMML. (HE, FEFRL N, P ATK
W PE TR E I DL R, KR ™ S i 3 I R FF
B AETHEZA N, P ALK B, RILAE At
T Al A e i A AT 0 28 S AT i 20 e i 3 398 P i) 3
SRRBUREDI R R AR AEPY, B R F R T £ 1
T IR AT SR BURIE L, S48 5 14 1 3% 40 R 200
AW, BAEREE, Ebt . HEME
dr, RHERR Y S/ NERE R i A IR A G
(FE 6), BIEEARAY 35 i A R TR FF i 720k
FEMERT, AR /N AR K R K 3R 43 )RR
%, Duncan ZE122145 /N RS FF o 33200 2 2 0036 0
T AR 3 R G0 0 A RS A BE T B 5
Chen ZEIPHE HI/EMIREFFAY P A K &AL T +35
G SO AN ST A HE T I . Ghafoor 25 POMF 5
T, NEREFFRA P ALK & R gE T /N
FERROIN, AR A, ERPL . AR,
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25 ULE 1 meta S HTPEAY T JCHLAL FCMERS AT RS 1
B REE A+ CIRIESEE R AR RGN 5) ) 3
Toft 55 - 3R XA P R, R BLTE /N B R
KHAEMM ARG, W EY = T s,
oEbt . Fits MiENE-EORRIERE RS T,
W XHEY e B R iR, HUOREE L F
+, SABIEES AL, X AT EE T AN [ £ b
H, BURLRAE . RHGE SRR AR, fE
Wiis e . B YE L RIEIR ORI IR 40 A AT
TEZESE, FEMHEY) A KRR 7= 7 A AN TR ) 5%
m St AR ST, B AREA) SOC RS FIfERD
+ 8 3.06~7.84 gkg !, TEHEL R 6.82~12.09 gkg
TR 10.65~16.27 gkg' (& 2), HEIZ+ A
A SOC LR, HykohE+ | #b+ . Huang %7
e Rl R BRI 2, WERMAEY IS,
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Kok + PR ; T, AP, pH. AK., AHN, MBC
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