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1 MR5REE

1.1 RIemat

PRI TE R T R R X R A B /N sl A 7 ol e
HIRATEKAERE (117.55F, 39.69N) #4147, 5
FEH/E 2010—2020 “FAFAEFIME 1 #E/KAG, (HIfFARIE
AW AR X A ok K 0 BL R HEK
R L ER RS X SRR 20 B e v A S T 9 o 9
I H Oy, BRI . W5 R
BB E A 24.1 glkg, BAREE . ARUSE . B E
4y 9179 97.08. 18.03. 231.78 mg/kg, pH fE A 7.91,
EC {44 465.2 pS/em.

RIG RO R 89, B MRS MRl , HIREETT
MRS, R E S PU TR, AREE
Bt IS VAR AR B R T FIRX 941 .
2021 SERIGVHR AL AR SR, S
09N 1 445.05. 244.17. 939.26 mg/L, pH Ny
7.20. EC i} 11.89 mS/cm, M [EARIEFEY (TS) A
15.95 g/L, COD >4 12 780.60 mg/L. 2022 S=iR% 7H
PRACHERT: SRR SR SRS HIN 154758,
295.73. 1 028.63 mg/L, pH {84 7.21, EC {6} 11.32
mS/cm, SFEARFY) (TS) 4 15.90g/L, COD A
14 593.4 mg/L.

1.2 Rt

RET 2021 4 5 H—2022 4F 10 A#T, /DX
RN 33 m>40 m, LML Ge 4 b Il Ak 2 At R
(CK) , BB T 2 Myl & (150, 300 m¥hm®) .
3 P AEH & (AR AR 2R FH =1 25%- 50%- 75% )
2 FPE AR A2 R\ 3 UKD , BAfAy: T1(150 m¥hm?+25%
IE+3 YGEAE) | T2 (150 m*hm?+25%1k iE+2 Yk
JIED L T3 (150 m¥hm?+50% L E+3 YGEAE) « T4 (150
m*/hm*+50% L JIE+2 JGEHE) « T5 (150 m*hm?+75%
IE+3 YGEAE) | T6 (150 m*/hm*+75%fk JiE+2 Yk
JIED . T7 (300 m¥hm?+25%/LfIE+3 YGEAE) « T8 (300
m*hm?+25% L fIE+2 YGEEAE) « T9 (300 m*/hm?*+50%
AE+3 YGEAE) . T10 (300 m¥/hm?+50%4kAE+2 ¥k
AL L T11 (300 m¥hm?+75% LAl +3 YGEAE) | T12
(300 m/hm*+75%AL B +2 VGE AR, $Eit 13 AN b B
HARHERE 7 W 1o RICVRREEAE, TEKFEE
Bk HT 30 d SRAIZHIZE MW Sk S, it
NBREEHE, BPIRE N 20 om, EEE SR
26-10-12 (E&HEE N & 26%, & P,Os & 10%, o

K0 f 12%) FE/KFEHEMRM I AT 5 d Jihn. {5 2
UGB AE S mIE A2 BEAE . R, 56 3 UGB AL )
WVER P BENL. BEAE. REPEREA . 3 YRIBACALER 5
1k 28 2 YGBHMEIRER, 5 3 GBIt &L 18-18-18
(EHMES N & 18%, & P.OsfE 18%, & KO0 &
18%) , 2 ki L AL B AR AR IE il R K+ 2 AL
18-18-18. HRHE/KFEREIR I A=A K B I I DL R R AR
KRB AL . 2021 EHL AR AN (528 5 H 17 H,
RIS ] A 10 H 27 Hi 2022 SEALAS RPN a]
5 H 15 H, WkitiEy 10 H 28 H.
k1 BiRLwiXR&AEEIRT R
Table 1 Fertilization scheme for experimental treatment of

biogas slurry returning to field

i e
R m sam AU R2d sk
(i (kg A A
(kghm?) (kghm?)  (kghm?)
CK 0 600 120 180 150
T1 150 150 30 45 375
T2 150 150 30+18.8 45+18.7 0
T3 150 300 60 90 75
T4 150 300 60+37.5 90+37.5 0
T5 150 450 90 135 1125
T6 150 450 90+56.3  135+56.2 0
T7 300 150 30 45 375
T8 300 150 30+18.8 45+18.7 0
T9 300 300 60 90 75
T10 300 300 60+37.5 90+37.5 0
T11 300 450 90 135 1125
T12 300 450 90+56.3 135+56.2 0

1.3 MEMBESH®

IKFBUER 2K, REX A B V2 7E 3056 /N X P L
0~20 cm #HZE N HIEREA 9 /N i, RG24, ©
AT JE RS L . KRG, e, A b
HEREALICRE 5 kg, T REK S5 5347

T IEpHIE K 2.5 1 1IR3, pHit (%%
FIHT PB-30) MiE; HFHEMEA 51 KLHRE,
B3R CHREDDSI-308A) 5 ; A HAR FR A 2%
BRI E A LT {8 R AR O e VA E
RO AR R s 3 FH BRI SN SR O WA b el v 458
A Rl A GRS GG B THE I e 1
SRR A 2RI A ey I s R G 5 5 FH R TR
S G R S TR R S R, AR TR
(5. RLTALOB2-K, | %: SATAKE) #Hf7&0k
I E -
1.4 BRI

i F Excel 2016 4bHEIRIGEE I+ A G 3K
{4 FH| SPSS Statistics 23 #E1T 77 22 /4T [« 2 L LB 404t
T3 2253 B i 3 KPS P<<0.05.
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2 HBRE5 5

2.1 JBIREL & 1L AR E AR X FE K = 2 AR

AN 5 VA B A A M e FH e A R 7 B s i ) 1
JioR, 2021 4 T7 kBB, 4 9.88 thm?, T2
AbFE R BRI, A 8.0 thm?, &Ab¥EH T5. T6. T7.
T8 AbFEf= &L CK Zilies 1 3.0%. 4.3%. 4.4%.
1.7%; 5 CK #Atk, T1. T2. T3. T4. T9. T10.
T11.T12 kb PP~ B A% T 1.5%~15.8% . 7 150 m*/hm?
BT, BEEGIE A R, KRS RN W
£ 300 m*hm? JEAbEE A, B AR B3 i, K FE
PR, 3 UGB B ST 2 OB AEALEE,
BTN 0.2%~7.5%.

12

820214
B120224F
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B 1 2021—2022 F R A LKA 2

Fig.1 Rice yield under different treatments from 2021 to 2022

2022 4F T3 Wb B i, o~ 10.4 thm?®, T2 &b
B AR, v 8.5 thm?. 5 CK #H:, T3. T4, T5.
T7 WHFEHRE T 4.9%. 2.8%. 0.8%. 2.8%, Ifi
T1. T2. T6. T8. T9. T10. T11l. T12 AbFip=f&[%
K7 0.4%~13.8%.3 VB AEALH = A T 2 B AR
AbEE, HEWE N 1.3%~9.5%.
2.2 BRI AL ER MR R ER R

AN TR VA R C A A I il P 56 R oA 8 AR AL 1) 52 T
2 Fi, B RVING P RER IR [R5 AL B R] 22
FEF (P<0.05) , FE. 2aH#HR T2 AFE Ak
fliferm, SFEET T9. T10. T11. T12 4bF, {H T2
WFE CK BREZER . 2021 & E UG AT AL P AE K
TR CK ¥R % 5, 2022 435 11 Wit AE Ak 2
1 T6. T9. T10. T11. T12 AbFEH B E(LT CK, %
CK F#MK T 3.0%~4.8%, Hx b3 5 CK TR 3E 2 7
HEAA 2 a 150 Bl A VA ORI A B S I A K R A
A B
2.3 JBRELE AR A X H IR IR M R AV SN

FHER 2 A%, 2021 4F % Ab P ) + 3% pH {EC & 3%
ZE5, 2022 HEAY T11 AbPE 43 pH {H & E KT CK,
HAKE AT EE 2R RAERE S T EEEHUR
&, 150 m¥hm® B AL B 3 A BB B CK 1R
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T 7.1%~23.8%, 300 m*hm? V& ik b B e ML &
B CK #2151 21.2%~52.4%, Ak EAE AL R EO
HIEEHUTR BT . i VRS e T
% EC AR & AR, HAEE, HIFAE
W & FREE L ERGn, 13 EC E AR A
B AR S ER S HEIEE R R E
B ESN, +3 EC [HMBMREE. AR
A ES . VAR AL EE A T9. T10. T11,

T12 kb3 13% EC . TMEAE. AR, HSUH
BHEEE ST CK; T1. T2, T3. T4 4b¥ 3% EC 14
BEMT CK; T1. T2 AHKIBHER. A5,
A EH S EE T CK; T3, T4 AR A & S5
CK TCii 25 25 5%, 1 2021 4F T3. T4 AL )45 25 &

B E S CK AL EE 3 2 5, (HIE 2022 S48

Fr T CK.
60 r 20214F
59 a ab  E20224F

A

B2 2021—2022 S 7~ Bl & 324G KAk AE
Fig.2 Taste value of rice under different
treatments from 2021 to 2022

2.4 B REC &AL X IR ESE M AV R M

H1& 3 AT, 2021 4E4E 150 m*/hm?® {EiR b B h
MR AT 1 B AL T T i pe s, Hob TS,
T6 MHEE ST T3, T4 43, T4 MFEZEET T2
AP, TAE 300 m¥Yhm? BT, T7. T8. T9.
T10. T11. T12 AbBEETCE E 2 5. 150 mYhm® Bk
AL FE A A SRR BTG PERR T2 AbFRAMBRE #E & T CK,
i 300 m*hm? A0 HL S CK L% % 5. MR
JEFIEAL TR, 150 m3hm? VAR i & T4. T5.
T6 AbFE IR EEE PR B3 T 300 mYhm? VA it
FEHMFEMLIEF &R T10. T11. T12 4bF. 2022
fE T9. T10. T11. T12 AbFE RGP0 52 = T
HAmAbH, T1. T2 AEERPREEEPE B (KT CK,
fl b3 (8] TC B3 22 . AHFVERA R, BEE LR
BN R R R s MHFEMGIEHE T, B
TRV B B3 0 - B RR Ve M AR . 2 a WEe
T5. T6. T7. T8. T9. T10. T11. T12 Ab¥ Ik
PRI L CK 242 1 10.6%~42.4%.



KA RS IR R KRS A IR SR

% 2 N ALt LR IR ALPE R 69 %

Table 2 Soil physical and chemical properties under different treatments

s pH 1 AR /(g kg™) EC {/(uS-cm™)

2021 4 2022 4 2021 4 2022 4 2021 4F 2022 4
CK 7.8240.05a 7.830.02a 24174011 ¢ 24.260.86¢ 599.2421.2de 592.346.9¢
Tl 7.8540.05a 7.8440.05a 26.1740.46b 27.2640.57h 538.0+17.3h 544.024.59
T2 7.800.10a 7.8240.08a 27.0240.22b 28.4140.65b 553.5425.3h 532.343.6h
T3 7.850.04a 7.8020.10ab 26.1740.53b 28.88+1.13b 557.8419.8gh 544.042.99
T4 7.830.10a 7.8240.08a 26.4740.16b 29.800.86b 566.0+16.0fgh 527.342.2h
T5 7.8440.03a 7.8240.08a 25.8940.80b 29.80+1.96b 596.3413.3def 553.741.3f
T6 7.8240.11a 7.7740.12ab 26.1740.40b 30.031.50b 587.59.0efg 556.744.5f
T7 7.7740.09a 7.7420.12ab 29.2940.52a 35.8141.73a 622.029.0d 635.741.3¢
T8 7.7840.02a 7.7720.05ab 29.3020.22a 36.961.42a 619.7425.7d 596.3%1.3¢
T9 7.7940.10a 7.7320.08ab 29.7140.68a 35.57+.42a 671.0218.0hc 671.74.7c
T10 7.760.05a 7.7440.09ab 29.860.41a 35.3440.86a 663.542.5 ¢ 631.7412.3d
T 7.730.05a 7.6640.03b 29.5840.39a 35.11#.13a 701.8+18.5a 745.04.5a
T12 7.7240.09a 7.6920.02ab 29.5940.22a 35.5741.63a 698.7414.6ab 693.743.7b
s BB S R/ (mg kg™) A % B (mg kg™ AT R (mg kg™

2021 4 2022 4 2021 4 2022 4 2021 4F 2022 4
CK 124,545 7ef 126.0045.72d 26.5642.09d 28.73+1.44d 242,545 4e 260.3142.79h
Tl 119.746.3ef 112.0045.72e 18.8040.91e 22.444 12 223.047.0gh 239.834.83i
T2 114.12.1f 110.60+7.50e 19.3540.91e 22.84+1.14e 218.143.7h 238.69.61i
T3 126.842.3de 130.6726.60cd 24.9041.20d 35.4241.77¢c 240.247 5ef 303.5541.61g
T4 116.347.7f 126.93+1.32d 24.7141.20d 34.2441.71c 230.69.3fg 293.3143.22f
T5 136.346.1cd 144.2048.63¢ 28.9640.52¢ 38.36:1.92b 258.8.2cd 316.06+1.61e
T6 128.643.5de 137.6743.30cd 28.96+1.05¢ 37.191.86b 255.9+4.8cd 324.03+1.61de
T7 142.346.0c 142.3348.73c 25.0840.94d 30.90.54¢ 260.434.4¢ 326.3024.26d
T8 139.144.4¢ 139.5348.11cd 25.6441.14d 3247462 ¢ 248.344.9de 318.3447.37de
T9 156.847.4b 168.005.72ab 32.1041.14b 41.71#2.09a 266.45.9¢ 351.3341.61c
T10 144.045.7¢ 157.73+2.38¢ 31.9240.91b 39.54:+1.98a 265.047.1c 349.0644.83c
T 174.145.1a 174.5345.87a 35.4340.26a 42.1042.10a 303.947.7b 377.5044.26a
T12 158.748.1b 161.936.60ab 35.9940.91a 43.8742.19 323.547.3a 367.2628.96b
T FSEE A E NG PR R &AL 2 R R (P<0.05) .

g -

7 r a B20214F E20224F 8 B20214F ®m20224F b aa ab
o6 T Tt E
S5t > 3
2 Es \
£, = 3
e g3 a
2 = 3
& 2 N
E1 ® g s

O ] b o ! O \

CK T1 T2 T3 T4 T5 T6 T7 T8
Lb3
(a) NRERETE (b) BRI TS
B 3 2021—2022 4~ F) &b 234 L R B i M 09 %50
Fig.3 Effect of different treatments on soil enzyme activity from 2021 to 2022
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FrE LIEMAEM AL, AT REEYTE. gk
BV DOV SR, VAR T T AR R
AR, 5k TEMPUETE, 568 TEYR . H
THBAR G & IR A IR, THR R K ETTR A
SEAT AR TR, FESHERSEAN, &
W FEH RS ARG & e 5 VA O =g,
TIAAHUTEIRT, BEE TR AE & L R 3

S lIg 7t 2536 — 30, HIE &4 300 m¥hm? i,
AR B FH I B AL SE i L 2 1Y) 0%, 2 a A T35
RE. HAEE. A EH T T CK.

Jiti P R T e SR AR IR AR, R
(1 ST Y i L PR A A AT v S 1 0
TSPV T A L, YRR E MR A 398 et 4
A BTEPE . TP R M AR S M PR . Pk
NP R, FERGHESE 2 YOERUS LR
Fiff  FEE B T L W RIS P U CK #2751 1 13.0%~31.35%,
b ML AR AL BRSE i T 28.74%~42.11%. ASHF 78 R B
VAR FH AR P B 0 n - S R i v R B i, T
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H Y4B E A 150 mhm? B4 75% LR AT 300
m3hm? 178 B & A B I R RS M A B e T
CK. 2022 FiR &I n$em 1 T IR a1,
M 2021 “ERE7AW A SR, IR AR PRI,
Al REE N 2021 ARt VR i s 1A IR
AEWITERE, T 2021—2022 SEIESE VA EGE T
TIEIREE, W 2022 GBS IR A AR TR

WFRFE, TTHEEYCAIER, (REY
2P R B Y FE RO KRR R AR K B B
fEREAER , $&mKAE I oA o, (E e &t FH VA
S PSR K IS, T ELAEAE FAAS 24 11 i
TSR RNRE , W EEDRT i HBUR 3%
FIYE 2L, 38 B e ), T e Pt 7 % v,
IKFEHE B A BN 210 mhm? B, Kigr= 8t e
22.2% . FEARRAR T 2 2 B, YE 0N & 612 thm?
i, PRI = S A B B ISR HE R, (H YA i
& 816 thm? I, HIFEHI> & T . AR5
BN HEAR, X0 R85 E R BT A —FF
HR, rRESKFEMFR. HIRSFEERSEG R, 1
T8 A KRGS, 2 A R it A =, B bR
Syt Bt P AREEROR I, VBRI R B AR
(150 m*/hm? JEBi+25% 1AL IE) BEIR T /K ARG &,
i3 &t A (300 m*hm? ¥ i+509% L JIE. 300 m¥hm?
THIATS%AAE)  [RIFERRAS 1 7K ARG I 77 A A,
EEFEBRAL IR &6 : 2021 4 300 m*/hm? ¥
Wi+25% 0 HE+3 YGE AE . 150 m3hm? V830 +75% 10 fE+2
VGERE, 2022 4F 150 mPhm? VB +50064k i +3 VB HE
AL AEACERAR LLERER & 1 KFE PR R, TR RAE
HREZES . R 3 PGB IR AL EE X KRG 7= (R R
ARG 2 UGB REAL I, 15 PR FE AR AR ARL R 2 H Tt A6
TeE/KREN =8 A BEEEH . HEHS AR E
P AEHE, 54HE B R KK SIRFEEY)
AHIE,  Fr CATEVEOE B A IS A2 o S AR PR FHEAED)
M L VRV I A T Y S A

FE BRI B ol A J8 rh oK s BDREER g4 i T
BEFRENF, FEEEIREHREAREMNRERS
T, B RVE I 2 S B8R i 2R, ik
FH 1 3838 G R 75 % o ANHE 7T A VR TR I it FH IR A 2
A BRI ER A AN, AT RE SRRV P R
ERRA R, T B3 AT — 20 L A 18] 1 48 E

4 25 i

L KRR PO R e T AU,
W E LA FEE R EAE
RIEESEN, LR, AR .
BRI EC A 3, TR 35 pH A8 AA B3E o
52

2) EEMTBR AL IR it ] B S KRS A,
/b5 BT i A VE AR I B 1K AR = &, Al
% 300 m¥hm® JE IR £ 1% G4 HE A 50%. 75%ii
FFRAR T /KR8 17 B AR AE . 150 m*hm? JERIE &
25% 10 I BB PRI T /KRG =& . AR IR VE VAL AR
T3 UGB AEALIER A BE P R A T 2 UGB AEAL

3) HE## 150 m*/hm? i +50%~75% L JIE+3 VKB
RE R B FE VR AL RE I & it B =

(VE# BF AL EIRREHEGH ZFR)

S E 3R
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Combined Effects of Biogas Slurry Application and Chemical
Fertilization on Rice Growth and Soil Quality
WEI Fei®, LI Yongjie?, SUN Qiwei?, XU Xiaoyan', WANG Xiaobo""
(1. College of Agronomy and Resource and Environment, Tianjin Agricultural University, Tianjin 300392, China;

2. Tianjin Nongken Bohai Agricultural Group Company Limited, Tianjin 301800, China)

Abstract: [Objective] Amending soil with biogas slurry is a way to treat livestock wastes. This paper is to
elucidate the combined effect of biogas slurry application and chemical fertilization on improving rice yield and soil
quality. [Method] A two-year field experiment was conducted from 2021—2022, with the traditional chemical
fertilization served as the control (CK). There were two biogas slurry treatments: 150 m*hm? and 300 m*hm?, each
associated with three chemical fertilizations by applying 25%, 50% and 75% of the chemical fertilizer traditionally
used by local farmers. The fertilizers were applied in two or three top-addressings. In each treatment, we measured
rice growth and changes in soil properties. [Result] @ In 2021, applying 300 m*hm? of biogas slurry combined
with 25% of traditionally used fertilizer (topdressing 3 times) gave the highest yield at 9.88 t/hm?. In 2022, the
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highest yield was 10.4 thm?, achieved by applying 150 m*/hm? of biogas slurry combined with 50% of traditionally
used fertilizer (topdressing 3 times). In both years, applying 150 m*hm? of biogas slurry combined with 25% of
traditionally used fertilizer but by topdressing twice only gave the lowest yield. Applying 300 m*¥hm? of biogas
combined with 50% and 75% of traditionally used reduced the rice yield and taste of the grains. @ Increasing
topdressing from 2 to 3 times increased rice yield when the fertilization was the same. 3 Applying biogas slurry
increased soil organic matter by 7.1% to 52.4%. Increasing biogas slurry and chemical fertilization also increased
alkali hydrolyzable nitrogen, available phosphorus, available potassium, phosphatase activity, and electrical
conductivity (EC) of the soil, but had little effect on soil pH. Applying 150 m*hm? of biogas slurry combined with
25% of traditionally used fertilizer reduced alkali-hydrolyzable nitrogen, available phosphorus, and available
potassium contents, compared to CK. Applying 300 m*hm? of biogas slurry combined with 50% of traditionally
used fertilizer increased EC, alkali-hydrolyzable nitrogen, available phosphorus, and available potassium contents in
the soil, compared to CK. @ Applying 75% of traditionally used fertilizer increased soil phosphatase activities by
10.6% and 42.4%, depending on biogas slurry application, compared to CK. [Conclusion] Combing biogas slurry
application and chemical fertilization can improve rice yield, soil nutrient contents, and enzyme activity only when
applied at right rates. From our two-year experiment, applying 150 m*hm? of biogas slurry combined with 50%~75%
of traditionally used fertilizers by topdressings the fertilizers 3 times is optimal for improving crop yield and soil
quality.

Key words: rice; biogas slurry; chemical fertilizer; yield; soil nutrient
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Sensitivity and Uncertainty Analysis of the APEX Model to Water Status

HOU Jinjin, SUN Xiaolu”, WANG Bisheng, YANG Xiaohui, XU Mengjie, FANG Quanxiao”
(Qingdao Agricultural University, Qingdao 266109, China)

Abstract: [Background and Objective]l The APEX model is a comprehensive watershed-scale model for
simulating the effects of management practices on agricultural systems and their impacts on water quality, soil
erosion, and nutrient cycling. This paper analyzes the sensitivity of its parameters to water status in soil. [Method]
The analysis is based on data measured from 2016 to 2019 from an irrigation experiment conducted in Jiaodong in
Shandong province. Winter wheat was used as the model plant; the Sobol, Morris, and FAST methods were used to
analyze the sensitivities of the APEX model parameters associated with crop growth and water stress. We considered
the influences of groundwater depth, rainfall and irrigation. [Result] When groundwater depth was 1.25 m, the
maximum root depth (RDMX) was the most sensitive parameter affecting evapotranspiration, biomass, and yield,
while the maximum potential leaf area index (DMLA) was the most sensitive parameter impacting leaf area index
(LAI). When the groundwater depth was increased to 5 m, the sensitive parameters influencing crop
evapotranspiration and vyield differed, with PARM38 (weight coefficient of water stress calculation) and RWPC1
(proportion of root biomass during germination) becoming the most sensitive parameters. Results calculated from all
three methods indicated that as irrigation water increased, the sensitivity of RDMX decreased, while the sensitivities
of DMLA, DLAI (peak point in growth season), and WA (potential light energy utilization) increased. The sensitivity
of RDMX was significantly higher in dry years than in humid years, as opposed to the sensitivity of DMLA.
Uncertainty analysis demonstrated that wheat biomass, yield, and evapotranspiration fell within the 5% to 95%
confidence interval of the simulated data. [Conclusion] The most sensitive parameters identified by the Sobol,
Morris, and FAST methods were consistent, although their sensitivity indexes varied with irrigation treatments,
rainfall patterns, and groundwater depth. Considering computational efficiency and accuracy, the Morris method is
more suitable for parameter sensitivity analysis of the APEX model. These findings provide valuable insights into
the application of the APEX to analyze the impact of environmental conditions on crops.

Key words: APEX model; sensitivity analysis; water stress; Sobol; Morris; FAST; uncertainty analysis
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