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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 Fenggiu
Agro-Ecological Experimental Station of the Chinese Academy of Sciences. Five different treatments were used: no fertilizer
or crop straw returning (NOSO), 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.
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Fig. 1 Daily precipitation and average temperature during the experimental period
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B NG IE+AEFE B (NOSO) . ANHEALAE+FREFFIEH (NOS). 4 MU AL AE+FEFT B5 H (NS0). 5 A
RE+FEFFIEH (NS) Fljit A AE+FSFT L H+3S 2 A 20% A8 (NSMD, M E 3ANEE, /47
XA 3m2 (2mxL.5m). RIGHLIEHT, T3 (0~20 cm) FEAPEF LK 1.
=1 R FRATTIERE A MR

Table 1 Basic soil properties before the experiment

T IERTORL A IR
9
LA Soil particle composition/% Soil physicochemical properties
Soil texture
2~0.02mm  0.02~0.002mm  <<0.002 mm pH TN/(g kg?) TP/(g kg™) TK/(g kg™
b+ Sandysoil  85.9140.01a 9.5040.01c 4.5940.00c 8.68+0.02a 0.3540.06¢ 0.8740.01b 18.2940.13b
#+ Loamsoil  64.650.01b 20.8440.00b 14.5240.01b 8.5140.01b 0.6240.06b 1.08+0.02a 18.0340.05¢c
it Clay soil 6.7540.04c 54.2340.04a 39.0240.04a 8.5140.01b 0.9440.02a 1.10#0.01a 20.7840.05a

W TN: &% TP: &6 TK: &8, RPHEIEATIEERMER (n=3), FFIAFR/NE FRERRAR BB (4. BRI+ [
ZR &3 (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).

VEVIRRE I BEA E ORISR, TR AP 5 958, /N2 PR B A& Bt 58. NOS. NS Al
NSM A FAEFEFI TR AL HE E— A EYOGR I AR AT AU e S5, 8 N TR S, b H
REEN 20 cm. NOSO il NSO AL BRAEAEVIUSCER 5 #4 VR i b3589 4 3 #e ik

NSO NS F1 NSM A3 7E /N7 Z= [ it AR AR 1 A : B (ND 250.0 kg hm2, BAE (P,0s) 160.0 kg hm?2,
FIAE (K20) 105.0 kg hm2; 7£ TR RHE A : ZUIE (N) 210.0 kg hm2, BEHE (P20s) 134.4 kg hm2,
FAE (K20) 88.2 kg hm2. HAELE/NEEZE 60% A 2kit, Fii 40% TR & BB AEMEH ;75 FoKZE 40%
N, A 60% T RMIWN I B ARG o B AE AR AR PR R AR R 3 S R . N2 R ORI
FEALAEE AR Z (5 N 46.0%). BER 4% (5 P,0s 42.0%) FIRRERAT (& Ko052.0%). /NEZFR L AKTE
it AE T, NS Ak E e FH 1) R 25 R0 o U e FH A v 80%, LAY 20913 FH XS 25 HLAE (5 N 24.16 g kgs
P,0s 8.04 g kgl; K,0 10.40 g kg™ EAX, F4 M AR A it FH A vEE Dok 2 P it XS 26 HLAE P Y P,Os F11 K0
TR, BRI R A N 7 Dk B bR, XS MR N S e .

1.3 HmXESNE

T IFRE RN R RRE T T 2019 4F 6 H /N USGIR JE R AR ARAE S BURAREAE A LA R /NMX 0~
20 cm LFE, IRAE PG, —HB AT S T R AR A I, — i  RAF T - 20CH T+
BArEEA P (DOC). FIVEMEANLA (DOND. WA A ER (MBC) MEEYAEYEZ (MBN)
WSE o INZRERRAE S 23 SR RLADREFT B30 7 20 b A0k i 5 T4 2 CTND 20 (TP A4 (TKO
BRI E .

+3% pH. AHLEE (SOC). B (AHND. ARk (AP) LA (AKD &8 LK /N R R RS
FTH NP FI K 287 8 315 12:180) 5 ; DOC AT DON 3% il Multi C/N 43 B4 ( Analytik Jena, Multi3100,
MEED W%E; MBC A MBN SE G040 22 253080 52 .

14 TERERHBTE

AW FER S B s 4R 10, JEF Duncan £ 58 LA HUZE A (7] i AR A 38 B) 2L AT 46 3 1 22 5% (P <0.05)
()3 de kR, BN pH. SOC. AHN. AP. AK. DOC. MBC. DON £l MBN % 9 434845, H LLIEANA
I e A S 2t 3 R B e . R3S %L (Soil quality index, SQI 1577 yAR0 191 R

B, B HIEEASR SN 0~1.0 Z B35 (s, % 3R+, SOC. AHN. AP, AK. DOC.
MBC. DON #l MBN [f1#3 5 it 2 s tH 5, pH 1998 7018l A sy 1H 5
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1] SPSS 26.0 FAFHISIN E )5 %08 (ANOVA) Hil Duncan 2 5 b4 4341 /S ] Ab 2 18] /N 2267 R 72
BRI R FPRIRS AT IR R BRI EAYE TR SQI 1 ZE 5. fEH R4.2.2 B 1) randomForest
A rfPermute £ 3EAT BENLARMR 2T, DAVEAS s AR = 2 10 g B A vk o iy S A 3 M. A —oc
AAERNARA 34 SQI 5/ANEAFR T EAI KR T R4.2.2 BAFK plspm A4 8 i fie /)N — e AT AR Y
(Partial least squares path model, PLS-PM), ULAr#rssmi/NEer= &bl . R84k A Microsoft
Excel2019. R4.2.2 I Origin 2021 #fF#k47 ¥ A F A2 .

2 4 R

2.1 T EIERLEBR /N EFER T EMKREER

BN R BV AR N 1.18~9.84 thm?, fEE+ iy 1.37~9.38 thm?, fEZt
N 1.15~7.21 thm2 (% 2). 5 NOSO 4b#A L, NOS AbFEAERD +- | 3 4 g b ok = B 48 0 i 2 281k
L5 NOSO ALFRAHLL, NSO ALFRAERD L\ 338+ gk b obphi = &35 2 5w, 98 2338 539.20%. 410.12%
F1 328.21%; NS AbFELERD L AIFE L Aobr R = it — B4, BEIE 4 S 2 611.56%F1 403.55%, {HTE
PR IE A 440.00%, 5 NSO ALFEAH L AR R I H B3 Z 7. NSM ALHAERD | 18 AR L Aok h =
B NS P fE, ikF] 9.84, 9.38 F17.21 t hm2, 5 NOSO AbFHAH EL 73 5148 i 676.56%. 546.67%
A1 492.86%.

5 NOSO 4bFEAHLL, NOS AFEAERD A+ 31 AN b b fE %, Tk AR S T B AR (R 2).
5 NOSO 4bFHAH EL, NSONS F1 NSM Ab B 7E frb - A1 - rh BB ) BB 48 v, 390 B3 n 40.71%F1 27.15%;
MPERE L, AP I E R AR . 5 NOSO ARFEAI L, NSO. NS Al NSM AbHE7r % +F1% -+
PE R ERR S, PRGN 16.82%F1 22.60%, 1 /ERY 1 HA NS AbFR TR E AR NOSO AbFE I
EHEE, N 49369, MWINT 16.33%. 5 NOSO 4bHEAHLL, NSO. NS Al NSM 4 7ER +. HEHAF - F
FERI B B E, P4 BN 87.17%. 68.79%71 95.67%.

*®2 TRERAE N EZERZEBMEEER

Table 2 Yield and yield components of wheat relative to treatments

FEEM IR E Yield components

I T AbEE FrR % oo -
Grain AL TR Rl
Soil texture Treatment Jield/(t hm?) Spike 1000-grain Grain
number(plant m2) weight/g number/spike
-+ NOSO 1.2740.06d 411.00416.07b 42.43+41.89b 17.8340.71b
Sandy soil NOS 1.1840.02d 380.22433.57b 43.0443.00b 14.1344.59b
NSO 8.1020.16¢ 564.89+13.18a 48.4040.71ab 31.5740.81a
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NS 9.0140.16b 585.44+2.31a 49.3620.97a 33.33H.17a

NSM 9.84140.13a 584.66422.56a 48.2340.89ab 35.2340.13a

et NOSO 1.4530.13c 400.89+15.99b 42.75#.27b 16.73+2.84b
Loam soil NOS 1.3740.07c 385.45+14.39b 42.2140.15b 13.20+2.19b
NSO 7.4020.08b 487.78+12.93a 50.4040.47a 28.0043.00a

NS 7.8320.41b 505.44431.52a 49.9840.47a 28.104.24a

NSM 9.3840.29a 536.00426.77a 49.45+.06a 28.6340).75a

it NOSO 1.2240.07d 467.55347.26a 41.3920.54b 12.00+2.45b
Clay soil NOS 1.1520.04d 394.89411.58a 44.65%2.69b 15.3343.15b
NSO 5.2140.09¢c 421.11+7.98a 50.6240.42a 27.3740).61a

NS 6.1320.12b 453.00+19.88a 51.3140.64a 30.83+.24a

NSM 7.2140.28a 467.0016.17a 50.3040.60a 29.234+.10a

T NOSO: AHEACHE+FEFTEIH: NOS: AMEMAE+FEFFEH; NSO: # R E+REFFE H; NS: HHIEHAL+REATIEH ;. NSM: ik i+
FEFFIE H+38 2B 20% % E . RAPBIE P IHEHFER (n=3), F—FIARNGFREFRORZ P A R A B 2 57 B2 (P <0.05).
FIAl. Note: NOSO: no fertilizer or crop straw returning; NOS: crop straw returning; NSO: traditional chemical fertilization; 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.

22 AEFEELERNNEFNNETESSE

NOS AbFRAERS L AFFRL Ny FFRL P AIFFRL K & &40 A8 17.12, 4.31 F13.00 g kg, 5 NOSO Ab¥EAH
b g e m, RS AN 7.79%. 17.87%H1 8.71%, i fE45E %L L rokks N FRkL P FIFARL K & &
BT REAR (£ 3). 5 NOSO AFAHEL, NSO. NS F1 NSM 4bFErb+ . MLk N &Y
FKHNEEFTE, T2 580 42.04%. 18.89%411 29.02%. 5 NOSO AFEAHEL, NSO. NS Al NSM Ab3
TERD T AR LA FE R P & & B FRAK, P30 HIBER 14.34%F1 24.59%, ¥k K & & 7144 5l B#{% 6.01%
F112.98%, TTEIE L AOFFRL PRUFFRL K 5 53570 B35 A8 1k

5 NOSO 4bFEAHEL, NOS AbBEERD+- . AR AEFF N &L FFF P S EMFT K SEYLE
E4k . 5 NOSO AbFEAHLL, NSO. NS F1 NSM AFEFERD . HELFF L FEFTF K S EBEE &, P
B0 I3 N 124.80%. 94.13%F1 47.45%. 5 NOSO 4bFEAHLL, NSO. NS Fl NSM AbEE7ERD + Fl4E -+ A
FFN & EX B, T2 510 54.92%H1 43.26%, 1M AE %+ W45 NSO ALFEAEFF N &8 2 &t ,
9518 gkgt, HiMNT 50.44%.

%3 FEHEAELENEFRNANBERESSE
Table 3 Nutrient concentrations of wheat grain and wheat straw relative to treatments
FRNEE  HRPERE  FRKEE  BIENSE  BHPEE  BHKEE
T B posii! Grain N Grain P Grain K Straw N Straw P Straw K

Soil texture Treatment concentration/  concentration/  concentration/ concentration/ concentration/  concentration/

(g kg") (g kgh) (g kg™ (gkg?) (g kg™ (gkg?)
Wbt NOSO 15.88:40.42¢ 3.660.18b 2.76:40.05b 3.2540.20c 0.4540.04ab  14.89+1.02¢
Sandy soil NOS 17.1240.13b 4.3140.06a 3.0040.06a 3.4940.18¢ 05340.08a  17.26:40.64c
NSO 22.3240.35a 3.0740.06¢ 2.5440.04c 5.02:40.24ab 0.3740.05ab  27.2741.09b
NS 23.070.23a 3.0740.09c 2.58:40.04c 4.7230.23b 0.3140.08b  33.3443.85ab
NSM 22.29:0.63a 3.2640.15¢ 2.65:40.04bc 5.3840.13a 0.3640.03ab  39.79+2.93a
A NOSO 18.82:49.37b 3.4940.01a 2.6340.05a 3.0140.11b 0.2340.0la  15.1540.69b
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Loam soil NOS 18.9940.29b 3.7740.16a 2.7340.09a 3.1440.05b 0.31#0.03a 18.6244.92b
NSO 23.10#0.53a 3.2620.16a 2.5540.08a 4.26+).16a 0.2540.03a 26.10#0.13a

NS 22.2240.36a 3.4840.28a 2.6620.09a 4.4740.14a 0.2940.07a 30.14=0.86a

NSM 21.8040.83a 3.2940.10a 2.6340.05a 4.2140.27a 0.3040.05a 31.9840.62a

i+t NOSO 17.49140.37c 4.4240.21a 2.9540.09a 3.4440.17b 0.46+0.03ab 16.4240.54c
Clay soil NOS 17.5240.43c 4.3520.04a 2.8840.01ab 3.8240.11b 0.5840.07a 18.0340.25¢
NSO 23.34%0.39a 3.1020.07¢c 2.4740.03c 5.1840.47a 0.4040.09ab 21.2140.58b

NS 22.7040.18ab 3.2640.11bc 2.5540.05bc 4.4049.38ab 0.3040.04b 25.65+.50a

NSM 21.6740.36b 3.6440.17b 2.69+0.09b 4.1140.09b 0.2840.04b 25.79+.10a

2.3 T EEARAIER TIEIBI M RFTIEREIRH

b PR () 135 pH G FEIfERD +-H o 8.09~8.79, £ - v 8.13~8.51, 7E A -1 4 8.26~8.52( 1 2).
5 NOSO 4 FEAR L, NOS AbFHAERD 1 pH B#A% 0.98%, {H 7£ 3% + A%k + I8 B Z A8k, NSO AL FRAERD 1.
A AE b pH YR R, FRIE 5N 4.13%. 2.39%A1 1.49%; NS A NSM Kb EEAE = F i ith 1 1%
pH Sk — B BRAK, ~FIREIR DI N4 7.69%. 4.11%71 2.99%, {H NS F1 NSM &b 2 [A] ) pH 78 = Fl
i 3 R e 2 . 5 NOSO ARERAF L, NOS AbEETERD - AN T a5 i 3 T SOC Al AK & &,
FERS L 73 360 35.32%A11 39.68%, 7EZE L3l 3 I 11.08 %A1 42.14 %, 1 AHN. AP, MBC F1 DON

SERELEESL, EELPEERST DON &, #in7T 81.09%, i SOC. AK. AHN. AP fl MBC
HSELBEDI. 5 NOS AFAEL, NSO AFAER - AHN 1 AP S ERZFRE, 275N 49.15%

198.14%, 1fi SOC. AK. MBC 1 DON & &t 484k fE3 . SOC. AHN Fl AP & W E s, 4
SN 16.10%. 25.84%7F1 239.40%, 1fj AK. MBC 1 DON & &1 . 3E 481k f£%6 -+ AHN. AP A1 DON
SERDFRE, 2R 18.78%. 185.49%71 66.69%, i SOC il MBC & & 537481k, 5 NOS F1 NSO
AEFEARLL, NS ACFRAER P B FH RS T SOC. AHN. AK. MBC #1 DON &5, “F#44 531 57.46%.
80.14%. 140.80%. 219.37%# 155.36%, 43 7i5F] 6.60 g kg™ 53.25 mg kg, 115.89 mg kg 134.44 mg kg™
F114.01 mg kgt; fEdE P B FEIE T SOC. AHN. AK fil MBC & &, “F¥143 i 41.16%. 60.66%.
139.04%#11 66.43%, 437k %) 11.18 g kg, 83.21 mg kgt. 202.37 mg kg™ Fl 251.28 mg kgt; fEZE T
FHE T SOC. AHN Fl MBC &, P43 744 il 26.40%. 25.58%7#11 48.28%, 43Jillik%] 15.25 g kg*t.
94.26 mg kgl f1310.76 mg kg™, 5 NS AbEAIEL, NSM ALEELERD +AIZE it —5 B & 4w T SOC.
AHN Fl AP &8, 7EW /50N 18.85%. 29.49%Fl1 73.42%, 435lis% 7.84 g kgt. 68.96 mg kg il
34.12 mg kg't, 7EZL I N 6.69%. 15.33%A1 42.32%, 43 liA % 16.27 g kgt. 108.71 mg kgt #1 27.24
mg kgl TEMEL TP RERS T AP S8, W T 49.82%, 1A% 27.33 mg kg?.
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Different letters indicate a significant difference between treatments in this soil texture (P<0.05). The same as below.
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Fig. 2 Soil physicochemical properties relative to treatments
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Fig. 3 Soil quality index relative to treatments
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Fig. 4 Key soil physicochemical properties affecting grain yield
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Fig. 5 Linear regression analysis of soil quality index and grain yield
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Fig. 6 Partial least squares path model for influencing mechanism of wheat yield
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3.1 NEMEARRIXT TIRIB U BN IR R E ST

AWEFEEE R, AHN. pH A AP £ 1 38+ ANRG 1 i s 9 R mks b 52 () O o -3 s b (181 4),
BRARBRIEZR ], AHNL pH A1 AP X SQI HA B2 (8 6). FR EWE K& R EE T FcR
W, R R R A R R AR A S RGP E R IR AT A RRY], fERb L, Bt
AR L, NOS AbFIHFF KL~ 55 NOSO AbFIAHIL Y B R EMEZER (R 2), MEANAIERER T,
AR GE R . Islam ZECUEHL, B/ Z—TOKRER S, EARILHEL T, AT
W PR R, EREER TR, XE5AP R RO X8 b TR s iR AT
orfE T IR EOKE, A CRenl 2 B TRV E S8R, TR A YiE e, (R kRS
i, AR TR S kL~ M. Huang S8R oL ZUIE AT FH 23 s s ik 2 RS AT 0 23
fift. ABFiH, R L B ANFE L, NOS A FEY) AHN £ 5 5 NOSO AbBEAR L8 6 B M 22 7 (18] 2D,
e VN A YIS SR 2 05 IR . 38 pH 5 H 357 00 A AU AN WS PR DI5GB 280, Giovannett
SEOUR T 3R L TR0 (31 NOg'v NHA Al HoPOs ) BAEMIIR RN, pH XH A e R A
KHEVE, Huang S5FFER ], pH W R2M L3R E VAN LSl EE, AT 2 AR AT 0 i AN L 57 00 B
o FERRMEL (pH<6.5) ™1, pH I R IR IR AR, WiE M SE A FEeR TR, aF
TN, BEAHNIE VR MR RO BSRIBESEE IR ST, SRR K gy BT, e
B+ (pH>7.5) w, pH (RGP & B v 3 vh 2 R B 5% 20 (DA I, O HAE 0 438 T K P A+
BEORKE, BEAh pH RIE 2 FRARIE 2 A TR0 A AR Rk v ig ittt AR L X 800 e+, BTAT
SEREN], R B A, AR NSO AL pH AHE: NOSO AbFE 2 2 FE(C (B 2), X
55 A W NEE I A A PR U 1T SR ) 8 pH R B G, NS H NSM AR B pH AHER NSO Ab2E
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WD BE T (B 2), XuTRe 5 INREFT R AL G A AR AN SRR S5 R M P ot R 3 A ¢ 24, pH (1)
FAAR TT A 2 1 L 3B B850 B R T B A P A R SO AR R VR 2R, B 4 vy 33k A 50k T sk
AWEEFIEY)AE KB, AP ] LU M EIAR R 1K BRI AE Y B 2R, DB 1 3 BB S b 1 350
TERA, AREFAI, bt BB, 5 NSO AbHEAREL, NS AR AP & E LR ELL, i NSM
AEFRIN PSR T AP SR (B 2), XA R H T FEIEEUICH C/N (A1 B & BA S e, AR
FIRAREIL, BN T I B R

AWFFEE R L], SOC F1 AK LERD L F138 4 v Jg 2 bR = 8 1) SC B - 1 F8 F5, DON FERD L ANF £
R FEEFFRL B IR OB FR bR, MBC 7285 b v Dy 2R = & 1) OGS FR br (B 4D, AR AR R B, SOC.
AK. DON Al MBC ¥j%} SQI HA W& (& 6). SHpibitrtL, (LR RS AL T HoMG %5
N, S SOC MR, HEM SOC & & nl Lok HIEEE . FrK e JRIZE 0183 LA R SR AL R A K B
TR EREFRICRAMEE R LR B, JFHRMEYE KW EZEREERIEY, W fEdEY A& . Zhang
LRI BB RS AT i 520 1 SOC & &, JF HAEM /&S SOC & & B & IEM M. AWK,
R Z R, NSM AHEA) SOC & NS AbFEHE—H 87 (K 2), RWAFIEINEE 7P
#hn socC & &R, X 5T NBKHE F 4 R — 8. F 2R, (EYr~ &M SOC & & il H 2 R4 A ¢
(17, RBP4 SOC fig il #Is FHERT, 1EVIr=EAL EREMHE e, Fariab 2%, 135 AK 2251
ZAEY A B R E IS Y, I B2 REAIE H R M. Duncan S5PAIAAEH, AK AT AR L 3E N
(A 20, RIS K AT B 4 R, b A A, AT RS Bk BE 7E B P 1 NH,*, X — i FR e
BT NH T NOs [#64k, B TAEWIX N R, ABFF A, AK TERD A48 4 v 12 25 e map R & &,
B LR FFR = BB ERN (B 4), £t EEMmEitd, B0 K AK SEUES 5N
32.79~122.69 mg kg, 52.69~202.37 mg kg™ 1 180.44~325.07 mg kg (& 2), FWHFLHFFT AK F1 &,
i AK LB A, (HIRBEARSEROSE W L3 b i B8 R TR o S K AEWAE S, AR T A K.

AW aE KL, b NS Il NSM b B A s i) MBC &, Ab-LAIZE - NS Al NSM AL 3
A DON &8 (] 2), AFaEBAAfe e B2 i AE R IR 2 1) B 2ORIERY, LIRMAm 25+
A HUR A AL AE A LR IR IR, 3 FLTE 3 KA AR i e 45 B AR A0, sk,
JIE 7y e ) L g80d B A S i i MBC & &

458 o B S A E R P A DR AR L A 7 R RS AR 25 SRR W], NS FI NSM AL BRZERD 1
e AF b SQI N Ab FE v By, AP AERD L, NSM AR AR NS AbFEE— 4T T SQI (] 3D,
BT AL P i ol T S5 AU P e S O A i 1ok 2 H 39 70 Rt DA K pH Fll SOC 254 #%, $R7H T T3k
o He MR H, fE/NEMIERS Y, S5HEMMAEHLL, GRS 20%E0E 2 E3- T T SQI, Li
ORI, BRI EE. RFPAUR KRS, B KGE pH. SOC. TN AK. AP, NOs-N Fll NH4*-N 45115
PRI ] 398 57 B AR AR AR ), 5 A R A A AL
3.2 AEIMEAEERRAX NEFT S ENFI

AR Tt A R M VE AR AR HH 7R 0 IR B, FFRLRIRS FE R NG P A K S5 8 7R LR I =T DL /s
20 L Ry RSN, X /NS AR KR B B B 127,

WEAERL FPRLFR & BAVNE B Z B A BRI RE 2, Rufsih, bt SRR
NSO ALFEAHLL, NS F1NSM AL 4 1 LI ERE (8 3) APk~ & (R 2), {3 3 /MbE[a|f
FRLN. PRI K SEX LR EER, HHEEE 22.29~23.07 g kg, 3.07~3.26 gkg! fl 2.54~2.65 g kg™
JEHEN (R 3). IXT]REAE TR /N AR BRSP4 TR 7 R RS, Lollato 25 (2803d it 7 56 [
vz fr S PEAT KRG (1966—2016 4F), KILM/NEAFRIF=ELE 4.0 thm2 LLNEE, ¥k N & &L
KRR RS, /NERRE T 6.0 thm2 i, Pk N & &1EEAE 199 gkgt £ h, SARR
SEOLARML. R, TEFFRL N. P A KORBEIEAE E M OL T, AR SR ISR ERF R PR TS
)N P A K S, B4 AEEC RS F S A BT it A2 AT A0 2 A AT e i e 338 vh 1) 7R 0 IR AP E AR &
AR, TR TR g IR A R BRI U, B S R IR 75 4 ) e 290,

AT, BERAIRE, Et. BEAF LT, RRFEEYSNERFRESSEEE EML (K
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6), BIFEAR 09 1358 o & 00 A R T REAT o 3 iR B I03R AE, (E (R RE /N2 AR KR B ALK IR 2 I R RS
Duncan %5245 /N REFF o 3% 00 & B IS T A2 38 RGN AR P J1RIFR 4 (I N RE 7 ()34 58 ; Chen 25091
e HAEIARSAT I P AN K S EAREL T -3 b o kil Ak 0 i 1 S5 0 . Ghafoor Z5BOE e R 1, /NEFS
FEH i P AT K S s s e it 7 /NP pgsm, AREFFRIL, fERb L. SRR b, NERA RS
FEMAR BRI IERN, (B 6), {HRRIEREEEKT.
3.3 TIER T LIEF S NE SR

AR TR R e B B O B 22 U2 M RS e, HAEAN R AR T b AR 4
AR BT AR T, [ AR SR AS [ R N P B R, Bl NS b HEAERD
+. AR ES N 9.01. 7.83 A1 6.13 thm?2, NSM AbHAER 1. EAME P i &0 5
79 9.84. 9.38 Al 7.21 t hm? (3 2). Islam ZEBLE T meta 43 HriFAl 1 EHLICHE A FTAERD £ S AEE £
CHRAE 22 E RO 3 R R G54 3 FlUf th - 88 RXHED = B IR2 M, R ILAE /N2 8RR Rl R
givh, BEEXHEVIER TR, HkE L, L, mENE T KEEME RS, B e
mAEA RS, Hooest, gt 5ARMAS R, XeTRElh AR g, BURRE.
T A SRR FEARR, AT BRSO ER ARG A AR 22 R, B
WA = B AR AN [ R s L SU ARSI 5, &AL 3K SOC 5 &:36 FEIERD L 0y 3.06~7.84 g kg,
EIE+ 1k 6.82~12.09 g kg, fEFitrH N 10.65~16.27 gkg! (B 2), BIZi+ EA &= SOC A,
HUCOHIE L B+ . Huang 74 H 3 0 @ MR, T AU 24, AEA WL 0 53 fl AR X 2218,
SEENRR R E, AR T HAERDRARER, o, Srb-bFELAE, B @ A L
MR A LR =, A WL 1o i R B2, s EYAE K . B B R SE . ANBEIEH 2 i)
FEFFUURRY, 2 s EYIRR R IR R W E ), Ding SBMRH, (EWR R 5= ERA
Fe B BN AR e B LI VI AT Al == 1 EE BRI

4 ZE B

5 NSO 4bFEAHLEL, NS A1 NSM AbHAERD £, MBI LR EER S T SQI, NS AFELERD - FIZ
T R ER R TFFRE &, NSM ARERFERD + | SRR ) B S TRk & b b, pHL AHN,
DON. AP. SOC Fl AK & s MatrRL =& (1) o8k 1B i -4, AP. pH. AK. AHN. MBC I SOC
SRR B OB HIE R, A, AP. DON. AHN Hil pH & 82mkf kP 8 e it g ki . 78
Wt HELRIRE L, SN ) ORI SQI B BAE R, 1 SQI A% /N KR
BABHERERWN, KR /N2 5= 1) O 5 T 38 1 ot vy DAE g e ) 338 o & R0 /N 22 7= 2 AR A I b DA
R SMAMEAE . iR SE IR, H AU A AR+ FT 34 FH Sibte b A+ RS FH I -+ 28 4K 20% 2184 A T st
TR, HAEA RS g i i A [FE DT s 1N AR .
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