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KepRHE R (28°76'N, 115°84 ' E) #E AT, 1% Ab i 34
I Ja R XU SRR R 70 1, AR B K iy
2 223.2 mm, ¥R 16.5 Co REWI 4 HHEHEIR .
pH 4.48, 2% 1.29 g/kg, 2% 1.08 g/kg, 44l 53.40
g/kg, AR 62.27 mg/kg, A 96.75 mg/kg, A 1L
J51 26.03 g/kg, Blf# A 96.49 mg/kg.
1.2 REiET

ARG R HBAL X it STt 5 b3, 4
SR = W (Astragalus sinicus 1..) -1 2K (Zea mays
L.) (CM) A X} B (CK) | 5 2 (Solanum tuberosum
L.)-E K| K5 (Glycine max (Linn.) Merr.) (PMS) |
CEAETIRFE (OO X B I N (Raphanus
sativus 1..) ) - £ K |[4€ 4= (Arachis hypogaea Linn.)
(TMP) . % 5. (Vicia faba 1..) -E K| H 2 (Dioscorea
esculenta (Lour.) Burkill) (BMS) . il 3£ (Brassica
campestris L) -FE K| KE(RMS) ., FA4b BB E 3K
BRI I5AN/NX L, NX K 6 m, 58 5.5 m, ZNX R
33.0 m*. RPN RILKM AT, D88 5 PR
ZRAR 303, AL H & Ao R N N A T R R
T L5 AR B 121, K SRR A SR 7
T KRS E A AR A O EER 1S H
T B ST AER I A E R RTIE .
U\ = AR S S R 37.48 kg/hm?, ¢ =
WS RS e B MRS 11 B g
it , 28 = S Akl 7.50 kg/hm? i 32 1.5 kg/hm?,
E 8 1.5 kg/hm*; S48 SRR IE 25 cm, 47 50 cm),
B 5 336 Bk/667 m*; Ax S AR 25 em, 47HE 50 cm,
W5 336 /667 m* (FEHE 3HK) 5 IHSEMREE 20 em, 47
530 cm, 10 914 ¥k /667 m*, BAVEEKATHE A 65 cm,
KESKE WAESWHAITER30 om, &5 H %
FIATIE A 35 em, KIZ AL H 25 FOKMITEEIS
50 em [HIAFE 34N Ab 353 512 247 F K43 AR 247 K
24T 2T R 64T R E A 8T R
Ky BRBRIE 25 em, K B4 (H B RRIEEI S 20
em, BoKEE 3 880 #k/667 m?, K& b4 H 2%
J¥4 2 910 #k /667 m”,
1.3 HEERE

F-20204F 10 H 26 HEEF 5 m o =4£", 2021
37 31 HAERAEMIUEAT ®IE . 20204F 10 A 27 H %
P, 2021 4F 4 7 26 HWk . 20204F 11 7 6 H %
M52, 2021 4F 4 H 23 Hileak . 20204F 12 A 8 H #&
P b4 55, 2021 4F 4 H 19 HIGk . 20214E5 H 5 HIF

HHE ADoK K EAERTH 2, 2021 4F FOR AR 5
F7H 29 Hesk 6B F 8 A 30 Hilkk, HE T 10 H
THWBGK, 812 BEYEIE A 750 kg/hm* A
HLAE 1 500 kg/hm?®, 48Ut J5 FF YA 4% Fh o it AT B2 1 UL 6
Lo KAT 3 2 BAREE A SRR K UL BT 520 T v
THE K B[R] B K e — 3, HoAb A BRI R H

®1 FREFEZEREERER

Table 1 Fertilizer application for

different cropping patterns kg/hm®
i) &7 it I A
Treatment Crop Fertilizer application rate
- FHEERRAE 45
KR L Gl .
Chinese milk vetch Calcium and magnesium
CM(CK) Auese mive phosphate fertilizer 45
F K Maize N 190.P 86.K 165
42 Potato N 102.P68.K 155
PMS FK Maize
N 190.P 86.K 165
K ¥ Soybean
S AR AR BHEEMENL 45
“Three flowers” Calcium and magnesium
TMP mixed sowing phosphate fertilizer 45
F K Maize
N 190.P 86 .K 165
164 Peanut
7% &7 Broad bean N 102.P 68.K 155
BMS Tk Maize
N 190.P 86.K 165
H 2 Sweet potato
iM% Rape N 102.P 68.K 155
RMS F K Maize

N 190.P 86 .K 165
K& Soybean

1.4 WEMHBERFE

DAER = e o 25 /X SEHT S2 e, I 45 1R
Yt

2) ARSI . RS 1.2 BEWIGR
BF, BN /NDXCR T 5 S ORI, 7 5. L TRIVE AR RRAR B JE
el 1=, B 0~20 em B2 £ I A 35), H il e 4%
Febr . HHEA MK (total organic carbo, TOC) 2K
AR TR AN AT R | A HETE A LK (active or-
ganic carbon, AOC) % FH i i R4 S Ak il g 1, +
HE ] %5 % A HLAK (dissolved organic carbon, DOC) %
FHUE AR BB 2 7 3968 9 BB (microbial
biomass carbon, MBC) 2 F 54 i 5 7% -K,SO, & il
BV 4 HE 5 A AL A HLER (readily oxidizable organic
carbon, ROC) & i 333 mmol/L KMnO, & fk I 0.7
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S

st 3 B 56 AR 50 AT R AR O Bk
M, 5% %2 15 J& (carbon pool activity , A) Bk J4 544 (car-
bon pool index, CPT) B J i & 45 %% (carbon pool ac-
tivity index, AT) i JF % P48 % (carbon pool manage-
ment index, CPMID) #1455 77 22 JOCHR[ 16 ]
1.5 HEHH

K Excel 2019 &b , FIF SPSS 22.0 X 4%
Pt AT 5 2R 5 22 43 B R Pearson A5G 23T, 1
Origin 2018 FEFT1EE .

2 FHRS5HMH

21 AEMEEXT TIEEIBEEEEIRS
HySEM M

M2 20l 56 1 FBOR G , S A0 B H 0
BL & i (TOC) K AE stk (MBC) L & A Ak A Bl
ik (ROC) % 1t I A7 B S B, B DL CK 3R W) it i
(MBC) & 2 e &5 o 93 4, CK 1 7l % ¥ A #L ik
(DOC) & M e KAE , .35 = T BMS &b # 32.00%
(P<<0.05), BMS &b (135 A HLi (AOC) 7% i i
&, S0 IR RMS AbBEAR A 35 22 5 (P<<0.05) , 3

BT 16.94% . TE5 2 7 KA R AL R
A Rb PR+ WU AL o 3 R T AR AL BRI
TOC . AOC.DOC & % A i # 2 5+, {H TMP 4b 3
1 AOC .DOC MBC % & 2 24 e KAH, % P A LIk
(AOC) | AT A LR (DOC) ALY 5k (MBC)
BB 9 S T H M Ab B 6.40%6~67.89% 3,13 %~
22.22% M 12.50%~45.95% , o o i A= W & R
(MBC) & # 5 PMS b FILA i 2% 22 57 (P<<0.05) o X
HEAb P 5 PMS . BMS 2 1) 5 B A A HLAR (ROC) 7%
A WE 2R (P<<0.05) . &b HE A HLEK & i
(AOC) 43 51 & F XF I8 53.67% . 67.89% . 11.01% .
57.80% . 52 B 1 = HHEEA LK (TOC) K4
2053 e PR TR A TR, HL28 SRR . 454k
PRI SR R (MBO) #8 BI T B (EL SR X i A B
I BMS A3 Ak 1% HAT MUK (AOC) & i 7255 2 =408
53] T 52T 5 Brour B AL U RMS &b 3, A] 35 PE A AL
ik (DOC) & A5 5] 1427t

R2 ARMERKK T LEANBREEEANBREASSE

Table 2 Soil organic carbon and active organic carbon components under different planting patterns g/kg
i A LR VA B A LR TP Sy A A B
SR AL ] b Ez . , . A . S L
. L - Total organic Active organic Dissolved organic ~ Microbial biomass — Readily oxidizable
Sampling time Treatment .
carbon carbon carbon carbon organic carbon
CM(CK) 14.17+1.06a 2.48+0.07b 0.33£0.02a 0.67+0.02a 1.9440.16a
PMS 15.94+1.74a 2.52+0.12ab 0.27£0.01ab 0.58+0.02a 2.13£0.17a
CAAESEINE
. TMP 14.90£0.19a 2.680.19ab 0.28=£0.01ab 0.58+0.03a 1.9640.21a
After the first harvest
BMS 15.49+1.49a 2.90+£0.11a 0.25+0.02b 0.60£0.07a 1.7840.20a
RMS 15.89+0.44a 2.48-£0.10b 0.28-£0.04ab 0.56£0.04a 2.14+0.23a
CM(CK) 14.73+£0.53a 2.18+0.18ab 0.31£0.04a 0.48-0.03ab 2.05£0.02a
PMS 14.34+1.27a 3.35+0.18a 0.32+0.01a 0.37+0.02b 1.814-0.08b
ERESIIEINE . .
r™MP 13.80+0.71a 3.66+0.03a 0.33£0.01a 0.54+0.08a 1.894-0.02ab
After the second harvest
BMS 12.95+0.57a 2.42+0.15ab 0.33£0.01a 0.41+0.04ab 1.7840.05b
RMS 15.40£0.46a 3.44+0.15a 0.27£0.03a 0.460.03ab 1.894-0.08ab

B R 3 I, RIS /NG FhE3RoR 0.05 K 2 7 .3, T A, Note: The data is the average value of three repetitions. Dif-

ferent lowercase letters in the same column mean that the level of 0.05 is significantly different, the same as below.

22 AEMEEXN LEREE AR
M3, 1 ARG, 5 = 05 f R b 2R
(CK) Py AT MEA BB AT 3505 FI R A= ek e A 3503 e
L AR W R AT AR T Al Ak B 26.20 96~
45.68% , H: 1 5 PMS . BMS . RMS 4t 3 2% & i

(P<<0.05) . % 2FWR)G , S ik F A RCREL
R, RN CK A Fb , JH Al T K 1) 4 Ak B B4 35 P A BILAK
BRI TR I 5 BMS A AR 43 0 5 T
CK 49.53% .68.71% .41.48% (P<<0.05) ; BMS 4k ¥
(AT S AT AR AT 0% e ey, e T I 34.04 %6 (H 2%
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SRR, 5 RMS A FA 3% 22 57 (P<<0.05) ; TMP
Ab B TR W i A AR R, 5 PMIS A BHAT I
25, S 1R, BRI BMS AL BRAb, 56 2 2
(R A DR AR 5 T3 1 255 50 2 R A HE Y
A YA BRI T 1 RIL, 2D E R

DL Kk R A A 2T LA R 3 AL 2 53
HRCR I AE AL AST] 22 0o () A #4835 AT LR =
HE WA S0, PMS . TMP . RMS b3 AT LR 5 %
PER WA ROR

®3 TRMERK T LEREALE

Table 3  Soil carbon efficiency umder different planting patterns %
I ! W PR LR B8 AT DB A R0% (LGRS Z I ES
SRAEIFR] b3 . . . . . . - N
L = Efficiency of activated organic carbon  Efficiency of dissolved organic Efficiency of microbial
Sampling time Treatment . . . .
(AOCE) carbon(DOCE) biomass carbon(MBCE)
CM(CK) 17.8741.67a 4.77+0.36a 2.36+£0.17a
PMS 16.27+£2.24a 3.75+0.41a 1.7240.13b
1 1k
w &gj{ﬁ T™MP 18.00+£1.50a 3.88+0.17a 1.8740.12ab
After the first harvest
BMS 19.15+2.13a 4.03£0.78a 1.6240.16b
RMS 15.5640.23a 3.50£0.24a 1.74+0.19b
CM(CK) 15.7941.55d 1.884-0.24ab 3.31+0.33ab
PMS 23.61+1.65ab 2.29+0.27ab 2.62+0.12b
% 2 Bitm TMP 26.644-1.25a 2.44+0.20ab 3.84+0.37a
After the second harvest
BMS 18.69+0.69¢cd 2.5240.03a 3.16£0.38ab
RMS 22.3441.14bc 1.7640.18b 3.032£0.25ab

2.3 AEMERKI T EREERIEHOTMm
&1 AT, 26 1 2R3, BMS A B Bk 2R
BEERBON I KA, = FXTIR18.76 %0, 5 RMS Ab ¥ Ay
322 5 (P<<0.05) , HAR 45 b FEAY 25 F 47 15 A ]
A, B 2 T 5 2 IR S, Bk BMS 4, %5 ib
PR A ALLCPMI ¥ 22 5 1o 2% H & T X% B8, TMP 4b

BRI A VAT .CPMI ¥k, 5 Hf 45 Ah PR 25 5 i 35

C W EFE %L Carbon pool index
ﬁ*}%ﬁé?ﬁfﬁCarbon pool activity
I T J2E 3T T 46 #X Carbon pool activity index

[T i /% 4% 3445 %4 Carbon pool management index
1250
2.0F

200

| Hiso

||| sl = || it
S NN B N X0

| Hioo

Tl & 48 %4 Carbon pool index

coooo
S N b N 0

[ Hso

Tk J& 1% JEE 46 %X Carbon pool activity index
TR JE G E Carbon pool activity

CM(CK
Bl F1ZWREFAEAMERRXT HIERESIEEH

Fig.1 Soil carbon pool management

" BMS

HE [iREE
PMS T™P

T 22 B 48 %X Carbon pool management index

index under different planting patterns
after the first harvest

C® 46 B Carbon pool index

ﬁi}%?’:{ﬁfﬁ Carbon pool activity

-ﬁ*}%ﬁ{ﬁfﬁﬁ‘ﬁ Carbon pool activity index
OEEMI Tk %5 & PHFE %k Carbon pool management index

300

3.

2.5
250
2.0

H200
H1s0

1.0 H1o00

Bk 4G B Carbon pool activity
Tk J& 45 %X Carbon pool index

0.5H

Hs0

BRI 35 FE 36 5L Carbon pool activity index

-
0.0l
CM(CK)

B2 H2ZFWREARFMEEXT LIEREETEEY
Fig.2 Soil carbon pool management index under

(=)

5% JE 45 FRHE B Carbon pool management index

different planting patterns after the second harvest

Jo H 5 X B B B 25 5 (P<<0.05) . 53 4k, PMS,
TMP RMS &b B (1) B e 115 B i g 1% 85 46 250 5 % AR
FH 23 ) B 4R 7 T 52.63%~89.47 % H1 53.49 Y~
93.80% (P<C0.05) . [ BMS &b B 4k, PMS, TMP .
RMS 4k B iy -+ 58 fie 2 45 B 46 2 & T X R
59.24% .60.71% ,80.91% (P<<0.05) . 5% 1 Z=4H
Lo, BRXT BRI BMS b BRAL 56 2 2R A B 22 1% 85 ik T
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S

T B T8 B Bk PR A B B0 A — o W TR 1 R S
R 55.00%~63.64 % . 57.14 % ~65.56 % .45.60 %~
52.39% o AMACRUL, 213 S b DL E KR FARAY S FD
A AT A5 |k - g ik e A8 B 4R BORC AR Ak
PMS . TMP  RMS 4k #3445 F1] T 4 &5 1 58 ok 2 0
JE e I T 5 48 ORI B PP 45 L4 8%, JC DL TMIP &b
PRI AR . Wb, AR b R L £ oK
B NS el A W S I Rl 7 = o R g L L
iR
24 FEMHEREXIMEMEYEN =M
M2 4 ] A, AN )RR RS X R A W Ay

W& 24 133.14 . 55 354.05 ., 47 672.25 .54 717.53,
37 118.03 kg/hm?, Hirfr, B4 ¥y & f5 i 19 /2 PMIS 4b
BB AR R R AR T 22 % P e 5 1 2 PMIS Ak
FE,PMS . TMP .BMS . RMS &b 43 51] b % B8 1) 25 5%
Fe T 141.06% .67.54% .126.73% .53.81 %,
I AR T AR G SRR, RS A 1 1 PR 20
R, AT RN FEMR ., WRAETTLEH, K
FEEEE Y PMS . RMS Kb B o ) 5K )1 K G AL
BN RE AL B i A A5 AERL R £k i 43
S E B CXF B A9 ™ 6 i i 25.00%6 . 10.94% .
5.90%.14.24 %

F4 AEMEEXHEDEDE
Table 4 Crop biomass of different planting modes kg/hm?*
PL3Li 1E4) ES) R AEY
Treatment Crop Economic output Straw yield Total biomass
%285 Chinese milk vetch — 2 840.62 2 840.62
CM(CK) E K Maize 11 170.90 10 121.62 21292.52
Bt Total 11 170.9 12 962.24 24 133.14
LB Potato 16 100.00 8 040.00 24140
FK Maize 13 963.62 10 268.67 24 232.29
PMS
K& Soybean 2661.76 4 320.00 6 981.76
JEi T Total 32 725.38 22 628.67 55 354.05
“=AE7IRIE “Three flowers” mixed sowing — 8038.31 8038.31
EK Maize 12 392.71 11 241.04 23 633.75
TMP
{4 Peanut 3253.52 12 746.67 16 000.19
Bt Total 15 646.23 32 026.02 47 672.25
7% 5 Broad bean 2489.16 5092.33 7 581.49
F K Maize 11 830.29 10 719.08 22 549.37
BMS
H# Sweet potato 17 226.67 7 360.00 24 586.67
JE3T Total 31546.12 23 171.41 54 717.53
I3 Rape 2 243.58 3115.26 5358.84
£k Maize 12 761.20 11 562.55 24 323.75
RMS
K Soybean 3115.44 4 320.00 7435.44
Bt Total 18 120.22 18 997.81 37 118.03
25 TEFEUAVRAS BREUERETIERE EHIEHS DIESMA PR SR SR PR A AL
BEEXFEMHEXE RGN F B . R BOR 5 1A A Lk o

ST LUE H, H S LR & 5 5 kA
MLBR & B 52 B 3 1EAH 26 (P<<0.05) , 5 nl i A ALk
BRI U6 (P<<0.01) . LRI EA HL
e B B PV PE A ALK B IR YRR S S
HRR A RO A R 3 A5G (P<<0.01) . H 48Rk

FH S, T S e Sl 2 A B A 5 T A HIL
FRMSCRINR® . HER i 5 A VLA
O R B AE PR AR RO A AR DG OG A A
F BRI B LB L3 VA LB A0 B A B
R
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x5 TEANBRES BELE GETEBHSEXRTENHEXES T
Table 5 Correlation between soil organic carbon composition, carbon efficiency,
carbon pool management index and maize yield
} \ . o B TREAPL BRI TN R
ji:x Ef(ﬂm ﬁiﬁ:ﬂw m;; ﬁiﬂ Mﬁzf # ﬁ*{tﬁi»‘—é Wﬁaﬁ(? R ma»%ﬁxk [ESLES
ROC  AOCE MBCE  ¥DOCE  CPMI
BEAHER TOC 1
A B AOC 0.266 1
A B DOC —0.262 0.072 1
TR YR MBC 0.248 0.183 —0.475 1
B MATHLIK ROC 0.511° —0.158 —0.124 0.072 1
WA LA Z0% AOCE —0.234 0.872" 0.222 0.042 —0.383 1
TP A R MBCE —0.230 0.050 —0.339 0.882"  —0.180  0.148 1
ATEPEAT LA 2R DOCE - —0.692" —0.072 0.875™ —0.492  —0.348  0.290 —0.153 1
R PR AR B CPMI 0.153 0.992" 0.126 0.154 —0.194  0.923" 0.074 0.024 1
F K= Maize yield 0.349 0.463 —0.057 —0.150  —0.108  0.296 —0.323 —0.177 0407

T RN B AIIC (P<C0.05) , #+ R Rl B 3 41 & (P<C0.01) . Note: * indicates significant correlation (P << 0.05) , ** indicates extremely

significant correlation (P << 0.01).
3 i i
31 OEEMMERAFENAEFHEZELITAR
B SR RREBNENF NN

55 it S PR [V 4 %o % 43 1) 7 2R IR A7
PR S, S HEAL ST B AR S A0 BF g & B
X T LR FIAR AN [F) 56 VR A 2 25 X 21 3 1 B 7 A
FREME 21 5 7 I TR 1) X R Ak B AR A Ay e
FAT A LB & i A, S ET AR E m R
A DL TR I A SR AT L ARG P ML
FHA MG 1 B 2 F 22 S AN B HON AL AT
A2 T R A AR AE D 0 AN ], A [] R AR R
R0 U130 B A 1) o 28 VB o A7 22 5, T AT HILAR R 3R
(A DL A R A2 X T A TSR, TR 3
R A, e AE AL BEAY SOC EHRIE T 5%
HRER K A, 555 2 7 SRR EY A TR,
SR 2 WO G AN AR LA AL AL 5y R A T
A5k, i H A4 MBC AT BT FEAR . NS 2o £
[ VERME S AF T AEYAR R AE it VEA R T 1
R A RARTE W, A R T4 & A ALl & it . {H Dijk-
star 25 2N ANE R G0 F 9E A 2R A HLAR I8 43
RS AT EHEA PRI & . ARG [RIFE
X F A B A5 0 ASBH &

J3Ak, £ 3EAOC & fig R AU I | fz e 4 39 o
T bR . ARIEPIFEVE B 5% B AR 2R L 43 W64 55 5 i)

SOC 8 1k, [a] i 1 25 fiff + 3% AOC 9 i & A= 4%
11280 ARBIFGE R TR, 5 BMS Ak 3 Ak, A [7) ol A 5 2K
Birom T £ AOC &, B & TG A MLk A &L
R H A DL F K AR A R G A A T, R OR A
FHAE SRMEY A FI T 06 A LR AR 2R IE 4 Hok
FAMCR ., A LR E T8 A LR 7 £
iR R AR E VP AL I B AR A, A — e R E B4R
B TS BERUEY R ER S B, BB AL
PR - HEAE IR 27, R A 2 Bk £ MBC
A T R BRI R TR e VR A B AT D) 4R
o A AR A AR . BRI AT R M D T oK
Ry A A AE A A T B = 0 M B 25 2 o e
3.2 FEEMUERADEEOFERIT TR
FEE IR #N

A 8 A MUK , LA S 3 4 B4R # (CP-
M) BEA 4438 B AR Ak | AR TR0 L 4 P it
P 0 B e T L U 2SERJE A BE AE R i AR
Nig R E . AR R RAIEED R
Bl CPMI G R #1203 AR g8 v, Bt B
HhH 2 = CPMIFIES 1 240 LE, #5A I WA R
Uk B A VAR 2R LL B R AR A R T 42 P 5
FEHAY s I FLES 2 20 (00 b 3 A BRAR B AR bR i T X
L, BCREFEBRATE R HLAG 5 i B UIAH G, BMS Ab 3
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LS N AN S o ¢

S

T 2 A5 B3 5 2 IR At 2 TR o BMIS Ab BTG 1 A
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intercropping on quality and yield of maize grain, microorganism

Effects of different planting patterns with maize as the main body on
index of carbon pool management in red soil dryland

GUO Shujian, LI Shujuan, LI Na, HUANG Guoqin

Center for Ecological Science ,Jiangxi Agricultural University , Nanchang 330045, China

Abstract The Chinese milk vetch - maize (CM) was used as the control (CK) and five maize based
planting patterns including potato-maize || soybean (PMS) , “three flowers(Chinese milk vetchX rapeseed X
radish in fertilizer field) "mixed sowing-maize || peanut ( TMP) , broad bean-maize || sweet potato (BMS),
rapeseed-maize || soybean (RMS) were set up in red soil dryland to study the effects of planting patterns on
the organic carbon pool components, carbon pool management indices and quality in soil. The changes of the
organic carbon and carbon pool management index in soil after harvest in the first and second seasons were
analyzed. The results showed that the active organic carbon of PMS, TMP, BMS and RMS increased by
53.67% ,67.89% ,11.01% and 57.80% compared with the control. The activity and activity index of carbon
pool of PMS, TMP and RMS were significantly (P<C0.05) increased by 52.63%- 89.47% and 53.49% -
93.80% , respectively. The carbon pool management index in soil of PMS, TMP and RMS was significantly
(P<<0.05) higher than that of the control by 59.24% ,60.71% and 80.91%.There was a significant positive
correlation between the carbon pool management index and the content of active organic carbon in soil ( P<<
0.01).The yield of maize intercropping was higher than that of monoculture. The economic yield under dif-
ferent planting patterns was higher than that of the control. The result of comprehensive analyses showed
that the different planting patterns with maize as the main body in red soil dryland are conducive to improve
the content of active organic carbon, the efficiency of carbon,the carbon pool management index in soil and the
yield of maize. The economic yield under the PMS pattern was the highest. TMP pattern was most favorable to
improve the carbon pool management index in soil, followed by the RMS pattern.

Keywords red soil dryland ; planting patterns; soil active organic carbon; carbon pool management
index ; soil fertility
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