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Effects and evaluation of fertility improvement measures on the fertility of depleted red soil paddy fields
AHEGULI-NUERBULATI"?, ZENG Xibai"?, WEN Jiong™’, ZHANG Yang"?, XU Binggian"?, ZHANG Miao"*, WANG Yanan"*
(1. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081,
China; 2.The National Agricultural Environment Observatory in Yueyang, Yueyang 414000, China; 3. Yueyang Agricultural Research
Academy, Yueyang 414000, China)

Abstract: The study was conducted on infertile paddy fields developed from Quaternary red soil in Yueyang, Hunan Province, to
investigate the effects of different fertilization treatments on soil fertility. The effectiveness of soil fertilization under different treatments
was evaluated using the comprehensive fertility index (BIF). Based on field experiments, treatments including no fertilization, organic
fertilizer application, winter planting of Chinese milk vetch, and straw return were set up. Changes in soil physicochemical properties,
enzyme activities, microbial abundance, and microbial biomass carbon and nitrogen under different treatments were analyzed. The
minimum data set (MDS) was established using principal component analysis, and the comprehensive soil fertility under different
treatments was evaluated using the membership function model and the BIF calculation. Different fertilization measures all improve soil
comprehensive fertility to varying degrees. Compared with the treatment of applying only chemical fertilizers (NPK), the treatment of
applying nitrogen, phosphorus, and potassium fertilizers combined with replacing 40% of nitrogen with pig manure (NPKM1) significantly
increases soil alkali—hydrolyzable nitrogen (AN ), available phosphorus (AP), and microbial biomass carbon content by 92.1%, 17.1%, and
75.3%, respectively. The activities of soil urease, a—1, 4—glucosidase, and leucine aminopeptidase are also enhanced to some extent under
this treatment. However, the activities of B—1, 4—glucosidase (BG) and B—1, 4—N-acetylglucosaminidase are significantly reduced. Under
the treatment of applying nitrogen, phosphorus, and potassium fertilizers combined with replacing 40% of nitrogen with fermented rapeseed
cake fertilizer and returning fermented straw to the field, the abundance of bacteria, fungi, and archaea is relatively higher. Based on the
relevant results, MDS consisting of nine indicators, including soil soluble organic carbon, AN, ammonium nitrogen, AP, bulk density, BG,
acid phosphatase, urease, and bacterial abundance, is constructed to evaluate the improvement of soil comprehensive fertility under
different treatments. It is found that the NPKM1 treatment performs the best, with an index value of 0.743. The treatment of applying
nitrogen, phosphorus, and potassium fertilizers combined with returning crushed early rice straw and planting Chinese milk vetch achieves
the highest yield, reaching 4 707.52 kg+hm™. For the barren red clay rice fields in the Dongting Lake area, applying pig manure to replace
40% of the nitrogen, based on the use of nitrogen, phosphorus, and potassium fertilizers, achieves a synergistic increase in fertility and
yield. The combined application of alfalfa and straw returning to the fields achieves the best yield increase effect.

Keywords : organic fertilizer; impoverished red soil paddy fields; soil fertility; fertilization measures
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Btk B A IR/ B A £ (MIDS) T il Jy 125 0 0B Rk 2 1
LR S HE VN IR R A8 bR . BEE BESEHITRA, Sy isib
TSR A RN A R R CR ROR ] MDS 7A1
ASHIEFE LA e 7 B 26 DU 20 21 B 5k B i3 A
HXFER SIS R RS A UL A4 =9 RS AT
i THAEAN R B RS FE T - 35700 (RS PR A A )
B GA TEE W F BE ROR R ™ B S R AR , N 3203 23
BT 0 E MDS, T8 e 255 HE T 48 8, a3 B
IR S Z3 A E T4 B A2 , HUBAN [R] Ak B 5
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1.1 g R

T 00 15 A ) e P R R A M B 5 - BH U i
65l (T FR-F PH S 36 05 ) A% 11 B PH B 2@ 51 T8 LT Jge
1 (28°57' N 112°44" E) , iZ & T /R W 2= WA X,
AE R K 5 1 304.4~1 582.5 mm, 4F 2SI 16.8~
17.5 °C,4E H BRI 1 562.6~1 690.6 h, +HE 1 Jy o
W2eer + Kk H KR 1o A 4 3 0 SEA B AL
g pHAE 5.7 AL 8.46 g- kg PHES T 25 e it 18.5
cmol - kg 4% 0.597 g-kg ' W 0.449 g- kg A A
16.52 g-kg ™' B f# A 50 mg- kg™ AR 0.3 mg-kg .
LR 82 mg ke, HHEHAT R AEAIL™ A SEA R
ik, A 50l o AR
1.2 REEIT

IR/ X T AR 24 m?, B AR PE 3 R E S BEMLIX
HHED . B 8ALER, 4351k : (D AHEAE (CK) 5 (2)
it AL IE (NPK) 5 (3) PR IE o A5 B it 5 26 B 1K 40%
2 R FEFFAS IS H (NPKM1) 5 (4) 460 B R 150
Jiti % B 2% OkF B IR R AR 40% &E RS FF R i H
(NPKM2) ; (5)LRE FLREFS by A H | B AR G AT A
SEN N T N A o 4 s B T
R HH o 1 SR B (NPKSG) 5 (6) 4k A | F e s FF H93 f
I MRS RS AT & A B (NPKS) 5 (7) FA e Bt AL AR

P 1%) WHARTY

Rt R it 5 2 AR AR 40% BRI A RS AN IS HE LI
T A A & W J5 15 —AF R AR i 1 (NPKSM L) ; (8) B
RS B ot T S g R T it &2 T S BE 24X 409 RUIE
TARARSFFAS IS MR RE RS AT R B J5 20 AR R R A H
(NPKSM2) . LA St Rl Ay i okl 45 45, A i il hy
018,

254 3t I £ A AR 165 kg hm™ P05 120
kg - hm™H1 K,0 120 kg - hm™, B FF A £ 180 kg - hm™,
P05 90 kg-hm 1 K,0 150 kg-hm™, BHE2EH
Bk N 34.93%, A K 2.37%, SN 2.2%, W N
0.92% , 7K 434 63.63% , VL S A AT 3 38 4 4> /N X L
R A6 260t 7 10.52 ke, MRt /2 11.4 kg SEAFDF
JNE b Sk R 26.82% , A K 3.47% , SR 4.18%, Ji
B R 5.61% , K43N 34.02% , UL SR AT BB A4/
DX R R R A it ) R 13.41 kg, MR it FH & 14.57
kgo IR /NIX T 2022457 J1 13 H B AL Ag .9 T 28
H Uz 5 B A 0530 I B NPKSG Ab B A AT 45 = 34, 1
RN A N 58 A R F 2023 4E4 1 27 H
Ak, 7 H 18 HillE,

1.3 THRESIERPONEF &
1.3.1 TFEREE

A 5% e B — A~ U550 JR SR, BIVAE 2022 4
RS I SR B A A0 B 0~20 em 1 20~40 em + 2 133,
2023 47 J1 18 H HAFISCHI 5 7543 71 R A2 45 A 3 0~20
em F120~40 cm + )2 4338 76 SRR SR AE 1 [R5 FH
RJIRAE LIRS e R . £/ NMX A BIR AR
1.5 kg Ze A7 i B, Hirp 150~200 ¢ 3 8 F-80 °C
A T AE HHV R, 0 AR R 4 5 500 g A
4 CCUKEE , FH D05 T3t P 0 ol 2 o B R R A
B A AR I 2 mm JE R0 5 R IR AR A, B
I3 5 PRALFR BRI 2 .

1.3.2 R fb o Il

3 pHAE A pH I 2 (K R 1:2.5) 5 H 3%
T (BD) HER J13: 005 5 347 AL (SOM) FH 2 4% iR
BRI AL I A2 5 15845 %08k (AP) FH NaHCOs 12 4 -
BBRBT HL LRI R 5 40 (TN FHBILEC I 28 2500 5 ; B
it 0 CAN) FHB30A 3 H8005 D 2 5 w3 L (DOC)
KR 25 -TOC AL A2 5 B A A AHA AR 2 mol -
L7 KCLiZ $ 3t gh 43 B A0 5 + 38460 1% (A1-P)
NHClZ 3~ b (0 0 22 5 + 3984k (Fe—P) FH
TR NaClIR $ -5 B3R BT HE € 72 D00 7 5 b 2R bk Jo
FE TS (RSB,
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LR ORI R S 4% A 0~20 em 4 J2 3, R A
Solarbio B¢ A7 FRZA vl 4 A1k 14 e T P A 0 3 550) 46 D00
K Bf§ (Urease) . Jif M fiff (Invertase) 1 R 1 B IR [
(ACP) {1 5 2R FH ek (8 B FL AR 28 S 3 0 7 -1, 4
HIPET B (aG) (B-1,4—H MG (BG) e H IR A MK
fifg (LAP) F1 B—1,4—N—Z, I L 52 JL A5 2 M il (NAG)
T e
1.3.5 LI ik R S A W ks = B N

FAECR I R AE S AP 0~20 em + )2 45, 4 B¢
A W A W Bk (MBC) | R R AE W A 9 & &
(MBN) R A5 2K -2 5 1k R R B 8 Je A
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K F] Fast DNA i 7 & (MP Biomedicals, Cleve-
land , S& [E) ) X+ 3eRE L EF 7 DNA S5, i 40 66
THIE DNA W BE AR . i FH S22 5k 2 it PCR A
D2 P o L TR AR 4 DUER, AR TR 5 1 90 515F (GT-
GCCAGCMGCCGCGGTAA) |, 806R (GGACTACH-
VGGGTWTCTAAT) , ¥ 1# 5| # 4y ITSTF (GTGART-
CATCGARTCTTTG) .ITS4(TCCTCCGCTTATTGATAT-
GC), 5N Arch519F (CAGCCGCCGCGGTAA ) |
Arch915R (GTGCTCCCCCGCCAATTCCT) . SERF 26
FE B PCR W K & AL 45 6.4 pL ddH,0, 10 pLSYBR
Premix Ex Taq 2% MK ,0.8 WL i J5 5191 #1 2L DNA £
e (FRE 10455 o Jeil il A & A Bin b B
PR JBORE, B i I O i B, 2 10 15 vk B 328 0 s e T
il bR M2, DL K B VS B % B, DA T
IR R BE SRy 50 °C B TAIR AORBE 53 °C il IR iR
BE S5 CHATY 3. P IGE sl i h 2 LA Of
YT LA A R AR SR A A 3K,
TRAUEY B2 HRAE 100%+10% 0 Fl e 22 14 RP(EAE
0.99 LA b, K 2 ¥ DU SRy (A= s R
1.4 RAERBLIEEAIENERNIGERITEN
1.4.1 HIELEA AR TR bR 0w

A4 BN 1) - S BRAL S AR W EE b A 23 AME N 8
5 (TDS) , 3 2% FH Pearson AH I 4 Al 3= 5 43 43 7 1%
(PCA) , 454 Norm {H i £ 15 ] MDS 55 . Norm {H [
THEA] DUR S oK AT g S BiHis 04y, JF IR AR - S 00 i
BE B ITEASE:

Ne= (3 (uian (1)

A kR =1 09 F B G AFORE B E K
O3 HRFAEAE 5w AR 8 BR 10 R 2 far {8 5 VoA j 48 A
TE kA~ A3 1 SR - 28 1

MDS e R e m i 4 i oA 3 25 K e
74 e o1)'00 2V S i 6 e 9l N P e S R G CD.OK
T 5 K 2607 10% v il 3 09 AR A8 o 9T 25 &
Pearson FHOCH: | 41 AT i 25 AH 5G4 I 326 % Norm {8 £
= R E A MDS! 1,
1.4.2 FCE B9 E

P EIv g I O S5 % i e IO = = i3 & iy
TP 5 220158 AR bR A TR 248 A TR+
J5 25 N FU IR Ry 25 F bR AR
1.43 SRJE BT

THE SR B R A R R ZR B T TP 48 5
DAL, 38 30 A I 1 S5 Ji 2 o 3 Akl O~ 1 2Z R Y I
HNE . RIEE R AL E ST S S
AU 3P A5 R IE S B (F5 bR R AT ) A
WA (FE— € Ju N Bty ) , Horb pHAE \Fe—P  Al-P
FBD R LAY, HAd AR R 45 R IE S Y

1E SEFEA

0.1 x<L
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A S ()RR Fm E AR5 x R 38 Fn S {EL; LA U
O3RN BN B BRIl S
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K BIF Sy B IEEEA MR T H8 50 C o AP T8 b
(A SR T BEAE s b 585 i PR AR AR AN EE 5 n W PR 48
PRGNS BIFA(EAE O~1 Z 0] BB # ey , 3R 1 1Ly
HE T
1.5 H®FEITEDH

K Excel 2016 #4744 4 1, >R 1] SPSS 25.0 %
T AL bR WS M A R B RN G A B
BB R AT 7 22 53 M1 A S S BT, X MDS 46 b
BRI TRELE R 20 M A5 3 3 43, R H Origin 2022
B2,

2 HER5HH

2.1 AEAIBKTE=E

R T B A ) it A Ak BT AR A K R 5 i 6 B
TR AR = i AT T o007 BRI, e TR Bs
JIES b 3L M e R AR i A B AR (R 1) . BRAT
FAHEETE NPKS AR IR #5257 , O 6 235.10 kg-hm ™, 12 3 5
T NPKM1 F1NPKSM2, 73 534 1 14.2% F113.8%, 1
UCJE NPKSG 40 35 5%F T FLARS , NPKSG &b 1R 77 i d
151, 04 707.52 kg-hm™, i 3 /5 T NPKM2 FlI NPKS, 43
FEINT 32.4% F141.6%. MAS[E] A0 BEF LR + B A
By P 2 oG, [FAE NPKSG Ab B &, H B 5= T
oAb A3, 2 I A28 = Bl O T o
2.2 ANEIALER X £ 34 SC BB 1 1 R A9 £ i

A g0 S B T R R ISOER B 1 58 0~20 em AN
20~40 em TIEIRALPE TR B AL . S AEFRZE T 1 adRdh

F1 AELEBETRENREHTE

Table 1 Yield of late rice and early rice under different treatments

fbsm ' Hﬁﬁé}iﬁ . Qfﬁ'?cﬁ o ?—ﬁﬂﬁﬁé}iﬁ
Treatment Yield of late rice/ Yield of early rice/ Yield of early rice+late
(kg-hm™) (kg-hm™) rice/(kg+hm™)
CK 1 853.85¢ 1987.51¢ 3841.36d
NPK 5 826.05ab 3 808.35ab 9 634.40bc
NPKM1 5 458.00b 3 657.52ab 9115.52¢
NPKM2 5741.00ab 3555.02b 9296.02¢
NPKSG 6 124.10a 4707.52a 10 831.62a
NPKS 6235.10a 3325.02b 9 560.12be
NPKSM1 5985.05ab 4 111.69ab 10 096.74b
NPKSM2 5 478.00b 3 660.02ab 9 138.02¢
VE 6] 5 A [ /N 55 557 B 3005 AN [ e S Ak B 22 ) 2 5 I 25 (P<
0.05) I

Note: Different lowercase letters in the same column indicate
significant differences among fertilization treatments at 0.05 level. The

same below.

P 1%) WHARTY

KRR AR T B T R R 2250 (%2) . 0~20
em )2 25 AL BN 4 R Ay O HA B R
(P<0.05) , 5 4% pH {1 BD ¥ A5 1 5 25 5 (H L4 5%
Pt 5 B3, H 5 CKAH L NPKM2 4R R SOM
TN . NHi-N &8 &85 . 5 NPKAHEL , NPKSM1
FINPKM2 b B i 5 42 5 17 SOM B & &, 0 R e T
20.8% F1128.6%, H.LL NPKM2 Ab BE R SOM 75 & % 55
7 13.12 g-kg™'s NPKM2 \NPKSM2 4b B 4% & 7 NH;-N
T, 5 NPK A EL , 20500 S 5 4 0 17 12.8% F1115.3%;
AT NPKM2 ,NPKSM2 FI NPKSG Ab PR R 425 T TN
P, Horp NPKSG 5 NPK Zb AR Eb , £ 45 TN &5 48
7 1 20.6% ; NPKM1 4h B AN FlAP 75 i 24 i 35 42
i, F NPK AR 23 532 55 T 92.1% F117.1%; Fe—P Fil
AI-PHEARF I Z [ 25 A8 %, SRR &
A L4, NPKSM2 Ab B 5 246 7 SOM Al TN 75 &, 4
B3 B T 35.5% Fl 31.4%, NPKM1, NPKSM1 #i
NPKSM2 AbBE i 45/ T AN i RIS )2
T S A A, AN A )2 3] SOM TN AN AP,
DOC Fll Fe-P % 5 R B A 0~20 cm 5 F 20~40 cm.
2.3 AE4AEX T EE A A M ERE NN

ANTRAL TR 0~20 em A J2 4 3 A9 B 15 P IR B
TERER(FE3), NEIFATLIEH, NPKM1 ik
FH 5 NPK b BAH HE 2 25 35 5 T 39 Urease A1 LAP
HVEE 2 3R B T 234.8% F1 124.5% , (H 1) B &
fIRT BG FINAG 3 M. [RIET, NPKSM1 4b 4% NPK
Qb B 25 B R Urease A 75 P 88.8% . Invertase 4 1%
PEAE &AL PR ) 25 S R W 3 . 2% LT A, it FH AR A
F4) TR B, i ot 4 2% ML W) A S 3 v P R AR
T P DG T ) 08 1

Xof LR SIS SRS 0~20 em TSR PR R A
AT BT (B 1), A5 SR B R 5 NPK Ab 2
AL, NPKSG NPKSM 1 ZbFE A% MBC 5 & i 2 F#IK (P<
0.05) , {HL 1% Z= 34 it it 45 AL AC Ak BE ) NPKM 1, NPKM2
H MBC 7 2 5 35 5 F CK Ab PRI NPK 43 (P<0.05) ,
5 NPK AH L3 B4 h0 T 75.3% .20.1% ., MBN & 78
CK b FH i 5, 4 22.12 mg -k (HA WIS RS HE T
4 e ) MBN 75 34 5L B0 M — a2 R B A AT, L
NPKSG I NPKSM 1 #b #f f 2 B A% T MBN B 5 2 , 8%
CK 73 B AR T 85.1% F157.5% , %5 NPK 4b F 43 51| [
T 79.6% F141.8%.
24 AELAEN T EREYHEFENZM

AT 3 2 i PCR BCAR T T AR ZEBAT AL
JIE b 3 %6} FL R AT 4 40 £ 392 0~20 em - JZ 40 B L A
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Table 2 Soil pH and nutrient content in different soil layers under various treatments for early rice
g A HHLBT 2R TR 2R B AIEME AL MERMERREE A ﬁlé!jf/fk BEASA
Treatment pH BD/ SOM/ TN/ AN/ AP/ DOC/ Fe-P/ Al-P/ NO;-N/ NH:i-N/
(grem™)  (g-kg') (g-kg") (mg-kg') (mg-kg')  (mg-kg") (mg-kg')  (mg-kg') (mg-kg') (mg-kg")
0~20 cm
CK 5.85a 1.43a 10.74be 0.57¢ 32.67d 21.17b 21.65b 189.03a 35.30a 1.76¢ 7.19b
NPK 5.85a 1.48a 10.20¢ 0.63¢ 44.10bed 22.58h 26.75ab 221.31a 35.82a 5.37a 7.18h
NPKM1 5.89a 1.41a 10.71be 0.75b 84.70a 26.45a 27.78ab 217.66a 37.18a 1.36¢ 7.85ab
NPKM2 5.98a 1.44a 13.12a 0.87a 41.07cd 22.34h 26.02ab 188.80a 35.96a 1.90¢ 8.10a
NPKSG 5.78a 1.47a 10.52¢ 0.76h 45.03bed 21.46h 25.85ab 163.85a 36.90a 1.98¢ 7.52ab
NPKS 5.79a 1.44a 11.85ab 0.74h 32.90d 24.58a 25.16ab 212.49a 36.28a 1.80¢ 7.90ab
NPKSM1 5.59a 1.42a 12.32a 0.82ab 59.50b¢ 20.67h 30.00a 216.36a 36.32a 1.65¢ 7.20b
NPKSM2 5.94a 1.44a 9.64c¢ 0.86a 61.60b 21.33b 27.06ab 192.80a 37.16a 4.27b 8.28a
20~40 cm
CK 5.74¢ — 6.77b 0.47a 17.73b 18.57ab 14.93b 166.65ab 42.92a 3.13ab 8.39a
NPK 5.80¢ — 7.92b 0.55a 24.27b 21.30a 15.67b 175.21ab 43.24a 2.64ahb 8.37a
NPKM1 5.81¢ — 4.36¢ 0.49a 14.47b 19.06ab 15.25b 132.63b 43.23a 2.85ab 8.49a
NPKM2 5.84¢ — 7.11b 0.52a 39.67a 19.82ab 17.08b 202.63a 42.75a 3.87a 7.29a
NPKSG 6.12ab — 9.94a 0.53a 15.63b 19.10ab 21.85a 156.13ab 42.84a 3.93a 7.92a
NPKS 6.19a — 5.52be 0.52a 21.00b 17.97ab 14.10b 165.32ab 43.10a 1.48b 7.59a
NPKSM1 5.82¢ — 5.57be 0.55a 16.33b 17.90ab 16.13b 163.32ab 41.80a 1.30b 7.66a
NPKSM2  5.94be — 6.07be 0.48a 12.60b 17.84b 16.50b 162.40ab 42.87a 1.73b 7.97a
F3 AEILETEBRIRE 0~20 cm T /& T IR
Table 3 Soil enzyme activity in the 0-20 c¢m layer at harvest of early rice under different treatments
b HERHE IR P PRV 2 iy B-1, 4—H B 11 a—1, 4T SN CERNIN L B—Li—N—Z‘ﬁﬁfﬁﬁ
Treatment Invertase/ Urease/ ACP/ BG/ aG/ LAP/ HEAT BT NAG/
(mged'+g")  (pged'-g")  (nmol-d'-g") (nmol+h™"+g™) (nmol-h™"-¢g™") (nmol-h™"-g™") (nmol-h™'+g™)
CK 6.07a 17.10d 220.61b 161.84d 20.06¢d 7.49a 67.67cd
NPK 6.27a 62.86¢ 234.24ab 288.73a 28.56a 3.95b 133.00a
NPKM1 6.27a 210.47a 237.71ab 233.63b 29.83a 8.87a 85.58b
NPKM2 6.10a 131.93b 234.79ab 167.68cd 27.74ab 1.75¢ 62.07d
NPKSG 6.33a 180.51a 233.99ab 185.25¢d 18.56d 1.55¢ 57.03d
NPKS 6.40a 172.42a 246.76ab 188.27¢ 18.22d 1.46¢ 80.89¢
NPKSM1 6.49a 118.70b 251.53a 235.59h 25.94h 1.98¢ 116.57a
NPKSM2 6.33a 128.12h 247.46ah 243.48h 22.41c¢ 5.04h 79.98¢

FLREBC R (K 2) . 42KV ARANE: 25 BHIEESEAERHEIRARLEHR

NEALFRT , -3 Wy i B F 58 25 5 B 2% (P<0.05) .
5 CKAb#AH b, NPK .NPKM 1 ,NPKS £l NPKSM2 4]
FHHwE T R G IR BRI, WS
NPK AR L, AN (] 55 HEHE ft %) il A 0 850 3 B 1 5
WfFAE 25, HAKIM S, 5 NPK A H , NPKM2 \NPKSG
FINPKSM 1 2 2 FEAIG 1 A BT b o A B o e 2
o NPKSG Y BEARAACR B o0 2, NPKM 176 I 2
E R R T A W R R, S
HAth Kb FEAS [5] J2 , NPKSM2 &b 3 e 41 5 7y T A EL
AR F B 2 5 T NPK AR B

Ry

L B A UL 3R 3% 43 Rk
AR MR 5 MR MR A AT, AS [R) A ALAE
FERRE XS DGR AR A M R AN — 2, (T
PRIGAZAARMESERE ) —Fh I AR A Pt T7 58, R AT %
S DAL B PR R RS N R i
T3 AN [ B R o 1 HE g B 55 R, HER 74K
DL A

FFI SPSS B AR A i3 A0 - S0 1y 23 A4
FEbR 1 IR L PRAR PR BT R P R iR SR e B
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Different lowercase letters indicate significant differences among different

fertilization treatments at 0.05 level. The same below.

Bl AELETERE0-20 cm L RMEMERE
Figure 1 Microbial biomass carbon and nitrogen in the 0-20 ¢cm

soil layer of early rice under different treatments

AL 3 AR A R T 28 OF A T S LA o A K
Pearson A & PE AT o M3 MDS B9 8 37 J5 0, 6 4% 3
A3 R 2 A 24 HE K T 0.5 BYFEFR 2 — 4, e BR 2%
faf {E F5e K6 A MDS, 24— 21 o i P 7 28 o 22 48 A
R A4~ HAG R ] 2AG AH SMER 256 Norm {5 K /N KA
ALV THRFRIEIL

AL AE AR 7 F2 8o o B 8 S v (R 4) AR 4
FRIE(E>1 B FE R N3] 5 A~ F RS, BT siwkE
76.420% . %5 1 41 TN 1 DOC A4 3817 (# i ey HL—FE,
TN 5 SOM J& DOC 2 3 5 2 AH Pk, # Norm {H K i
DOC 3% A MDS; &5 2 41 b pH 2 fif (i f 5 , {H A4 pH
AN S A S | PR AR 4 Norm {6 BU AN 3F
A MDS; 5 3 41 18 247 {5 55 K 9 NHE-N E A MDS;
o5 4 2H Ve B [ K19 AP JE A MDS ; 55 T 2H v 1 4%
BD #E A MDS., [H It , e 248 1 7E A MDS i BRAL 35 b
4 DOC AN \NH;-N AP #1 BD 4 5 ME 45

P PE R bR 32 A o A s R AN 5 o 3 A 3
A, Bt ork R ik E] 75.974%. 551 4BGCH
aG FI NAG $ HA7 B i 2 40 5GPk |, 3% Norm {H K BG
EAMDS; 55 2 4H Invertase 5, fuf (B 45 155 . {HE H 5 ACP
B AR, B B rh 22 R AR
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Figure 2 Different treatments on the abundance of soil bacteria,
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Fungal copy number/
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archaea, and fungi in the 0-20 cm layer of early rice

B A 1A F A, BT 5TERE R 65.893% . 3 far
{H KT 0.5 B4E A MBC MBN I B o # 5L
TR AR 0T S B A R T
MBC Y444 1 . 25 AH DG , b T8 R 4 T 1Y) 8 (B2 KT
0.9, 7% &3 LAA: 2 10 (8 e B AN 6 B0 32 1E A MDS,

25 b A E - g AR BT TS R AR A S
AR TR R 3RO I A SR e 20 1Y MDS FR b
5y DOC . AN .NH;-N . AP .BD .BG .ACP . Urease FI 4 [
B E I 9N R

HR A 5 Ja 82 1 153 5 S T MDS AU (R BB AR A
NI T B IRANE TR . &AL B A 53 2%
B NPKM 1 AbFE T F5 H 3925 5 I8 1{E (BIF) fi
LR 0.743, B = T NPK AR F Y 0.616 F1 CK Ak F7
[40.243, K, NPKSM2 I NPKS 4b '~ 7% H 4311
BIF $8 50355, 43 59 0 0.730 F10.708.,  ELIRAR 4 A
6 M 5 235 SR R 1 - AR T A 7 3 R, NPKSG 4k
FF HHEZRA N R TR 425, FE BIF F8 500U R
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Table 4 Results of principal components analysis of soil fertility indicators

EER 43 Principal Component NCES S Nom B

Index 1 2 3 4 35 Communality Weight

TN 0.750 0.221 -0.303 -0.332 0.208 0.856 1.32 0.102

AN 0.475 0.571 0.075 -0.046 -0.398 0.717 1.13 0.085

SOM 0.570 -0.405 -0.236 0.306 0.384 0.785 1.19 0.093

NO:-N -0.388 0.376 0.339 -0.533 -0.103 0.702 1.11 0.083

NH:i-N 0.185 0.389 -0.757 -0.184 -0.072 0.799 1.19 0.095

DOC 0.750 0.082 0.407 -0.371 0.093 0.881 1.34 0.105

AP 0.322 0.404 0.047 0.685 0.016 0.738 1.10 0.088

pH -0.308 0.618 -0.269 -0.077 0.295 0.642 1.06 0.076

Fe-P 0.358 0.159 0.663 0.260 -0.244 0.721 1.13 0.087

Al-p -0.300 0.580 0.011 0.488 0.156 0.689 1.09 0.082

BD -0.082 0.204 0.478 -0.132 0.763 0.877 1.08 0.104
FHIE(E 2.283 1.787 1.750 1.459 1.127
Tk % 20.756 16.243 15912 13.263 10.246
R TR % 20.756 36.999 52911 66.174 76.420

x5 TEBEEERERS O
Table 5 Principal component analysis of soil enzyme

activity indicators

Ro WEMBEFERMEMERTIERERZ T
Table 6 Principal component analysis of microbial abundance

and microbial biomass carbon and nitrogen indicators

1557 4 Principal component /A HF 5% Norm AL EE
Index 1 2 3 Communality {H Weight
ACP 0.490  0.673  0.045 0.695 120 0.131
Urease 0.024 0543 0.741 0.845 1.07  0.159
BG 0.888 -0.186 0.013 0.824 139 0.155
aG 0.629 -0.469 0.384 0.763 123 0.143
LAP 0.028 -0.593 0.476 0.579 0.96 0.109
NAG 0.851 -0223 -0.330  0.882 138 0.166
Invertase ~ 0.444 0727 -0.057  0.729 122 0.137
FRIEAE 2347 1.932  1.039

TIWkHR/%  33.533  27.602  14.839

S FHCR/% 33533 61.135  75.974

0.465, [HiZ AL FE T Ay F R = H e fe i, b 4 707.52
kg-hm? (£ 1), . #F & T CK 5 NPK 4 B, # [
NPKM1 4b ¥ &

3 g
3.1 77 B 4 A4 e Xt 3R TR AL ik R R AR 0 S M R B
A

AR 563 35 X A [F) A MILAE Ak B X6 2T 458 275 5
FEI f14 1 B 000 & 30, 5 NPK A BEAH B, R [R5 LA 4k
FEXT 0~20 cm 4 )2 pH S0 .35, T 0~20 em -2 5%
Oy SRR E A W] R, H NPKM2 AbFEAESE T SOM 1 TN
Ty R AR X R TR I A B

Ty

fibn Principal component BETT; % HE Norm {H
Inden | Communality ~ Weight
MBC 0.786 0.617 0.187 1.42
MBN 0.530 0.281 0.085  0.96
T 0.920 0.847 0.257 1.67
ELR PR 0.805 0.647 0.196 1.46
Lk 0.950 0.902 0.274 1.72
LEEIRIE 3.295
Tk /% 65.893
21Tk 3% 65.893

AU AR, BN P KITREZ, %k
NPKM1 b JH 3 2% 725 AN FLAP & i S 2P B &
KEW PR AL BEIE UG C/NBAR, B H 5
IR R R E R R R A LS R e B
AL, AT AN B A5 IR TS, AR B, 7E RS
FF b H A AL FE R, NPKSM2 fE i3 45 25 NHG-N 97
R O FE R R KA S A A s T
B A R U T B R B SR A T L T
Y RS A I AR T, S A LR 16 NHE-N,
TR T NHG-N 25 520 1 NPKSM 1 AR B =5 DOC
T it B RE R T LA RS i, RS AT AA AR LR B B B
FFH T A HLAG A P o) i, T B0 FF AR B ICR
R M T T 3R DOC I ™, [H]
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Table 7 Comprehensive soil fertility index values of

different treatments

AL B Treatment ZEG NEJIME BIF
CK 0.243
NPK 0.616
NPKM1 0.743
NPKM2 0.469
NPKSG 0.465
NPKS 0.708

NPKSM1 0.539
NPKSM2 0.730

FEAERSFFIE H S5 4F T it T SEAT DR IE A NPKSM2 4k
FERE D 35 2 £ BP0 NH G- N, T it R3S
NPKSM1 4 #1032 242 7 7 DOC A & it X AT fES5
SHFOFIEA S & & AR 50A K DOC g i i 5
A LI Ak 2 2 R AR G 8 25 HLAE T i A B
AR ATIE ALY R T TR
I B IR 5 R G, DRI A R DOC I R R P2,

- A Wy ROR T 2 - LR IR T
Wi TR R, A IR R B, NPKM 1 AL B i 25 2
T MBC i, X B2 UM 2570 A HLAR A
6 PR A MUBR 2 43 ks T AL A R, 5 4h, 5
NPK A L, NPKS 4b B4 5 T MBN &% £, (HEIFEAR T
BG FINAG i 1 , 3 2 PR R i iR A A FF 8 ) T4 A
Y1, RS D 45 = - 35 MBNP T il RS FF I8
HH R [R] 446, BG A NAG TG WA B m . BLah,
TR IE M SRUEY) E ARV R A F
F4) 388 03 2 S RO T A T ARG 2 R
ANTRIAT HLAE A BT - 3B 400 BT 0 T A ot BT 2 3 1 5
PP 5, Hoh NPKSM2 &b BlE 25 3 i T 40T B A
AR 0 RS FE I A 3R E P K 4R
BETE R (R B A A W ) R AT A 5 21
NP AT, NPKSG AR FREIH0 G T 40 B B M
R R, X5 KEEI IR A A B . XA
PO AT BE S R Ry A R AR A 48 2= SR R 40 I A AT AL
PR FIBH S S X A A P VR, DT 228 T - 4843
GR/ESE
32 TEERSEYFFENHEENE

AN I 5 SR 22 AR (HX AR 2B 7= i
5, REEEREAL -4 BRI R R, X T R
FAHE A . ALIG 25 AR W], NPKM T 4k 34+ 125
AN 48 Bdse my AR R AAIG, T NPKSG Ab B 43825
G FE AR, e s e m o AR R T B AR

P 1%) WHARTY

B, SN A A W R A LR A I T AR
K BRI BC A T R B IR T i 2 45 e T
BRI TACEAE . 340, RS or Mrik B AR
A DAL e A SRR 7RO, (EE 2 32 BURR A RN A it
AR, 1T RE 2> FECMDS F5 bR A AR v AN i, 1T 52
M ZE A B S 4 0o DRIE, S 1 U/ o Ay i 2 . T LA
KW MEZ RS BRI T L5 B PR, e AT LA
WG B PN 8 bR 32 R B E A2 I, (H 52
S EEOb TR T W e ok £ 22 ¥ WA R i D RN
PLR AN R B 5 %, 4 25 SRR A 736 BE 45 v 48 Bt
FeMEFAERATE

NPKMI1 256 I8 0746 B0 & , 32 W1 it B it
E 3 s SLE A G Y s icy INWONTI I B =t nt: £772
HRE T, X5 B AR AE I A —S, N
B HLYR R B IO BAT  H R TR S 4K
%, KR = BEREIR B B, I Hoad v He i A ALAE
BICS FHBUKREE KBTI IR IR R 2 |, AR 3L
Tl SR AR 3 RO ARG IR =, PR R s e
KA 4R Y, X 5 NPKSG 42b 377 5 (14 45 THE
A A R A5 SR — B R TR A
FEREBR OV S5 R F2 00 Rk i, IF HLa e Y
Tl 2 0k 3 1 SR BE AN/ A= ) £ 00, AT 4 o8 7
o (HEATRER TA VLA R SR AE 374y
R T LA 5 1 i S TR D A o A 3 Y 4 T
BORA WA YL S . A6, LI AR TP 50
P 0 SR S B S AR A T o L 5 5y e 2
TR, S e 2 3 2 5 BB B AR Ak, e U+
e WIRe 1 (A AL B —E REAR TRAE T 4R Tt
PR b, R K s R T KRR
A AT RE S 1818 I AT RRSE A HETHRORDY, FE AT IA
FH it T4 FEL FE 2 5 - 39 8 g B8V 7= ), Ak
U045 B NPKSM2 LbFR Y = s $e A ROCR & hy, H A+
LRGN R o R R IR FF IR H it
SUIE AT 4 o5 - A B AN R o0 0 s R
Wy B TG PR I AL PRI 43 R 2 17 v
VE ™ 68, W3 L G IR ) R AR ™,
FARIR B )42 0, 0 R B 58 S R B F7 0 B B B 5 AR
R, T B it A HLAE 28 31 8 3 A 35 B3R

4 ZEig

(DABNEBCHESE ZEA VU FISERFDRIE AT 2 2 42
TR A=A 5 0 i, (8 i b SRk U A T 1 5
TR I i P C It S e R A A P ] 488 gy 3 e 2 7
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TP RN B B, MRS AR R LA AR 48 = 0eid 1
(NPKSG ) 23 B A% 498 1 o A o A B D

(2) # 4 DOC, AN, NH;-N,AP,BD,BG,ACP,
Urease A4 A £ 9 N8 A5 E A MDS, F 44 2 - 35
LA IE SR AR 5L

(3) AL AE P it 4 254 HILAE A H T 5 T A HH 1 3345
G346 By , FUORFE AT A WA R AR it S
FEORNE AL IR, 1T H A X B 7 B v ORI
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