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Variation of Potassium-Solubilizing Bacteria in Red Soil under Long-term
Fertilization and Its Driving Factors

LIU Kailou" ?, HUANG Jing" ?, HAN Tianfu', HUANG Qinghai’, YU Xichu®, LI Daming’, HU Huiwen®, YE
Huicai’, HU Zhihua®, ZHANG Huimin" *'

(1. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences / National Engineering Laboratory
for Improving Quality of Arable Land, Beijing 100081, China; 2. Jiangxi Institute of Red Soil, National Engineering and Technology
Research Center for Red Soil Improvement, Nanchang, 330046, China; 3. National Observation Station of Qiyang Agri-ecology System,
Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Qiyang, Hunan 426182, China)

Abstract: [ Objective ] Itis very important to study how soil K-solubilizing bacteria (KSB) vary and its driving factors in the
red soil of South China under long-term fertilization, so as to lay down a certain theoretical basis for management of soil
potassium (K) resources and rational application of K fertilizer in the region. [ Method] Based on a long-term fertilization field
experiment in red soil that started in 1986, which was designed to have four treatments, that is CK (no-fertilization), NP (nitrogen
and phosphorus fertilizers applied), NPK (nitrogen, phosphorus and potassium fertilizers applied), NPKM (NPK fertilizers plus
organic manure). Soil samples were collected from the rhizosphere of the maize plants in the plots of the treatments during their
florescence for analysis of strains of K-dissolving bacteria and their K-dissolving abilities and organic acids and hormones
contents, and for exploration of key factors affecting KSB in upland red soils in relation to properties of the maize root system
and physico-chemical properties of the rhizosphere soils. [ Result ] Results show that Treatments NP, NPK and NPKM were
significantly higher than CK in root length, root surface area and root volume, and so in content of soil organic matter,
non-exchangeable K and exchangeable K. Treatment NPKM was the most significant in the effect and 112.3%, 174.4%, 32.43%
and 291.5% higher than Treatment NPK in root length, root surface area, root diameter and root volume, respectively; and 0.67
unit, 29.50%, 19.34% and 53.89% higher in pH and content of soil organic matter, Non-exchangeable and exchangeable K,
respectively, in rhizosphere soil. KSBs were found in the rhizosphere soils of all the treatments. The KSBs in CK and Treatment
NP were of Paenibacillus, while those in Treatments NPK and NPKM were of Cellulosimicrobium. Compared with CK,
Treatment NP, NPK and NPKM was 162.4%, 139.0% and 105.6%, respectively, higher in K-dissolving efficiency, showing
obviously that Treatment NP was the highest. Moreover, analysis with the the partial least squares path model shows that root and
fertilization are that two factors that regulate simultaneously KSB K-dissolving efficiency. Furthermore, redundancy analysis
shows that soil KSB characteristics are closely and positively related to root length and root surface area (P<0.05). [ Conclusion ]
In the upland red soil, long-term fertilization can not only affect development of the maize root system and physico-chemical
properties of the rhizosphere soil, but also alter soil KSB communities and their K-dissolving abilities. Within the root system,
root length and root surface area are the two key factors regulating KSB in the rhizosphere soil of maize.

Key words: Potassium-solubilizing bacteria; Red soil; Long-term fertilization; Rhizosphere soil; Maize root
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b ZLHESE A SRR b BT U 2 B i 40 RE ) B Y
fR AR RN IR) IS A S B R 1 TR R
Pe2e iR, BAE LR RO R R 2 s, ST
PR R RE U £ B TR B A T
FE—EFEE I SN AR AT ot s
SO L B B 5 SRR

BB TR WY, 5 A 40 Bl 1 A AL B R, A
PLBK P A pH 72 A 55 249 2 52 i JHAigg 80 BE 7 19 5%
ANl S (P S N IRE R PR e s L LR
0 4 i S0 TR AR 7 1 O 2R T G e S B A AR
P B A U OT R L PO AT T, T G R
IR AR B BE D B R IR DY R Bk = IR AT o i HE
A AR M RGP B E A AR N R, HAE
s + A HLBTRT pH B R I 2223 o T g 5
W) R % - S8 e 90 T 45 Al A 0 0 A 2L P I
A5 LA I NE 2 7 386 - 15, 0 A0 R
ZHLLER L, BEPCATEAL . ABEAC RO . Rk
S P G I AT MILAC Ak B, SR AR ORI AE
SO0 F9 R P - HE - 7 10 Ak A0 T AR L 0 BT R L AN (]
Jit A Ak LT e B T Je A R A B R A R, O 4
M ZR R R e 0 B A M RN S W 4T 8 L i
PR O HE DR -, DU O £ 5 R B R e AL
A S BEBIE AR 34

1 RS IE

1.1 K5 haEE R
2T 398 54 b R 00 i AE S 56 57 VL P 4 R W L sk
NP LIRSS K RE S g0 36 N (116°17°23"E,

28°35'15"N ), HikbH AT, EHARIE 18.1C, K

*=1

T4ET 10°C IR 6 480°C, 4EFE/KHE 1 537 mm, 4E
Z2KH 1 150 mm, JCHREHAZ N 289 d, 4 H BRIHEL
1950 ho P LI, BT EE PU 28 21 %
do ARG 1986 4EFF IR, LRI HE)Z 1 e
APER R AR 939 g-kg™!, 2R 0.98 g-kg™!, T
fit & 60.30 mg-kg', 4 0.62 gkg', AW
560 mg'kg! , A H 1280 gkg!, A4 MM
70.25 mg-kg ', AEZCHAER 202.2 mgkg ', pH 6.0,
1.2 Rt

ARG LB 4 A HEARALBE . (1) ARFEAL( CK );
(2) ABEAL (NP); (3) ABEFAL (NPK); (4) A
BEEAE+A HLIE (NPKM ) o BENAREEEE R =K, /)
XA 22.2 m*, BEYLHES, /X 2Z A 60 cm %
IRV IE R I o Fhii 7 2 FOR—FK B R —2 R,
HpBEEKREFTUNAHETH, KEREFTYN
S HZ 11 H, HRMRBEAAMY. B 1986 4FF-4h,
FRBFPENR 13 5. BARMERH &R 1. #
B AR A HLAE S8 7 KA AT — R, A
A AL (70% ) FIEEAE (30% ) Jiti FH o A AILAE Sy fif
WA, HEKEN 70.8%, HETIEAAHHLIK &N
340.0 gkg !, ABEH SRR 120 gkg!.
9.0 g-kg ' 1 10.0 g-kg ™'
1.3 tEFmRXESENIERS T

T 2017 4% 5 H i) BOKR TP AL R 4 £ KR
PRt MRER EHCRE L ARR Y, HEEAR
PERY EORAE MR, HEGZ AR R, BRE TIER
brt 8, UCERRRMTMA L5, FifAE KRR
R, BEHATHR AR . W - HERR R A S
REA/NK RS 3 AN, FLrP AR A A FE BR
EWAR . AKGERFER 3 ME RS, BEA

SFAR

DRBMAE LN EFREE

Table 1 Fertilizer input for each season in the upland red soil relative to treatment/ (kg-hm?)

AbF Treatments N P,0s K,O 1% 3% Pig manure
CK 0 0 0 0
NP 60 30 0 0
NPK 60 30 60 0
NPKM 60 30 60 15 000

TE: CK: AHME, NP: ZBHILHCM, NPK. ZBEHIIEACH, NPKM.: ZBFHNCAIMEIEACHE. T W Note: CK: No fertilizer, NP:
Chemical nitrogen and phosphorus fertilizers, NPK: NP and potassium fertilizers, NPKM: NPK plus pig manure. The same below
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TCR A4S, W BARSE, A s, KRS —ah
T, BB E T UKAE N ACARAE, — o KT i O
Je I 72 PEAL R A

+ 3 pH R H pH i ( PHSI-5, &G, L) I
SE 5 A ML R FH VR B IR - BB R B M i AR
G RIEREINE A AL G R, At
KM 1 mol-L™' NH,0Ac #&i%, ARA8#etk40 % M
1 mol-L™" HNO; & i iZ $ ik o sc bk & i,
I R BT A R IR A R R O et
BTt (FP640, BT, i) M. BRI IER
i ( ek ) BT,
14 REBILESH

FEL AR PR R KRR R B T MeE T, H
NaOH ISR 3 h, TRV R 01 REH
RARETHEKB L. RS RHRAZBHN
(LA-S, Ji¥&, WriL) #H1734, SAEFIH LA-S R
R RS (V2.0) #FATALE, 15 20AHCHR RI645
(AR REmA, RERARIERE) .
1.5 RETEPBHEIFEMNEE

KA BERUE YR BT, R B
B R EOR SRR Y TRV, RIS
SRS Kb PR TR Y TR VR B, TR R LU e T
RS (CFU-g ') Fom . SRIGHAT AL PR R
afi AL RIS A TE AR R 16S rDNA %5E , FIH 4L 3%
H B A& ( MinkaGene Bacterial DNA Kit ) 3
174 ff H1 B T Ak DNA 42X, 16S rDNA PCR
BRI R R GE RS, 5190 B At st RS AR
YRR ARG R, @5 F27(5'-AGAGTT
TGATCATGGCTCAG-3' )Hl R1492( 5-TAGGGTTA
CCTTG TTACGACTT-3"), LA LK 41 DNA J 54T ,
R Al 00 5 DX 8y 8%, i FH AR 45 JE 1 ( Barcode )
B 51 %) ) Premix Taq ( TaKaRa ) #£47 PCR § 44,
SR 5 B SR G Tl S Ny A 4 7 A 2 5 Tl i i )
Eaifk, XEATAY TRBMGARA AT
16S rDNA ¥, f% )5 #I ] NCBI ( 3 & [ 57 4 )
BOARAF Borbony ) Wk, 18 IR 8 M A v 1 8
T .
1.6 fREFERIHRENE

i 5 Ab BAS B 4l AL PR MR 7E Luria-Bertani 5557
S T IE A SR, SRR B 5% (IR ) 1Y
FEMEER T 50 mL-250 mL ' A EEEEFRIE, %EE5E

FERLr A RERE 10 g, MgSO4 7H,0 0.5 g, CaCO;
1.0 g, (NH;) ,8041.0 g, NaCl0.1 g, B:EER 0.5,
Na,HPO, 2.0 g, A4} 10 g, pH 7.4, ZZEF/K 1.0 L.
[ B35 fin 45 i TR PRV XTI, 3 IRE R . 28C.
180 r-min ' ¥R RS 75 24 h 5 R 4E FER!Y, 4 .
10 000 r'min"" B5.0> 10 min J& , R K60
(FP640, BAHT, Lifg) g0 5 B+
o RETHRE R RCE, BARAST .

zwxloo

0

KE (1)

K, KE AEHAE, %; KCr MHEIER W AFE &
B &, mg L'y KCo 42 KT T A AR o
HEFE R, mgL',
1.7 BEENEEMEINEINE

Va0 Y 0 T T R IR R AR ( S Rk
7 v Y K BB SR AR M —20) h, 30°C . 180
r-min FERIELERTFE 24 h, RE EERP. RA
PR ER G E X (318C+, FIUE, i) LilE £k
E.AER. MARAERESTREPY RARR
FAETEAL (Waters 2690, 55T, [ ) I E F2 |
AR, SRR, LR . R . FriER LR 1)
e,
1.8 HiEAE

K Excel 2003 HATRRALHE, GEit 7Bk H]
SAS 9.1 #EAT, AALPEAYAR RAFE . T EBALTE ST |
it B0 R AR A AL L SR A ML SR AR I 25 R
N E 22 L (LSD) #fAT WM R W
/N IR ALY ( The partial least squares path
mode, PLS-PM ) f#HTHGAL . HEZR | A 80 18 2 [ fr)
MHEHXR (RIEF ), 4557045 Hr (Redundancy
analysis, RDA ) f AWM FFVE 5 AR R AR FIAR bR
A A E BT A B OC R(RIEF ), PLS-PM #1 RDA
2t R H Sigma Plot 12.0 #H7/ER, HAYKARH
Origin 8.1 AT HIE

2 45 R

2.1 KHIGEAE T EXKIR RIS
TSRS [, KIS IE 2 A R AR &
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W& FRHE (32 2), i (NP, NPK il NPKM )
Ab PR AR | MR R R RIAR AR Y S TR AR
(CK) b3, HLPAHPLIEHUIEEE (NPKM ) 43
IR A K TR, 5 CK 4, NP, NPK Al
NPKM Kb SRR S HI3EIT 186.9% . 258.7% 71
661.4%, MFIEFHIEINT 157.0% . 282.0%F1

800.1% , MRAKFFAIIE AT 151.1% . 204.2%
1090.7%. AR ELARI 2 BLH NPKM Ab B i 3% v 3
flAbFE, T NP, NPK 5 CK AbH AR B AR TC % 2
5. 5 NPK ZbFRAH L, NPKM AR FEAGH K | AR 1T
L R ELARFARAARF A BIEIN T 112.3% . 174.4%.
32.43%FH1 291.5%.

F2 KHIRRETERRREKIER

Table 2 Indices of growth of the maize root under long-term fertilization relative to treatment

HRAC MR AR R HRAATR

A3

Root length / Root surface area / Root diameter / Root volume /

Treatments

(cm-plant™) (cm*plant™) (mm-plant") (cm®-plant™ )
CK 3 968+690d 1 002+101d 0.78+0.02b 20.87+5.42¢
NP 11 386+874c 2 575+89¢ 0.67+0.03b 52.40+8.73b
NPK 14 233+480b 3 287+201b 0.74+0.05b 63.48+12.12b

NPKM 30211+541a 9 019+109a 0.98+0.08a 248.5+22.31a

A BUEYI RE AR EZE (n=3) Fin o RIIRF/NG 8RR ARG ELA R B35 E R (P<0.05), T[F. Note: All the

values are represented by mean + SD (n=3) . Different lowercase letters indicate significant difference between treatments at P<0.05 level.

The same below.

2.2 KHEIMEAE T EKARBR 1 pH, BYURFHETL
5 CK A, BT NPK AbH R +4% pH B % FF%
AT 352 2 4h, NPK ACFE R AR BRS04 HL
i ARSI RN A M S i R (3R 3 ).
TEFTA AL FR, MRER 30 pH . A ML, dEsc kA
AW P B0 2 B NPKM A BE & 25 T
NPK . NP il CK 4 #H ¥ #a#, 5 CK ZLFEAH L, NPKM
ALPE TR ARBR 4358 pH B4 1 0.42 AN, HEEE LR
LA H EHR SRR 43 FIHE N T 44.57% . 38.50%F11

280.3%; ‘5 NPK ZbFEAHLL, NPKM AhFE T HRPR 435
pH ¥400T 0.67 A5, HHEGHLR . ALk E A
SEHAERR AN T 29.50% . 19.34%F1 53.89%, 5
NP AZbFAH L, NPKM AP HRFR 43 pH 3451 7 0.51
PSP ARSI ER RN A R R 43 5
JNT 20.82%. 45.78%F1 310.2%; 1fij NPK 4B T ARER
- AR RN AR S S PR A3 R NP AR B R T
22.15%M1 166.5%, 1H +3% pH A HLF W EBLH NPK
HINP A FRA & 22 5% (P>0.05 ).

#3 KHMETRIRLE pH. BILRFMBSE

Table 3 Soil pH, soil organic matter and K contents in the red soil under long-term fertilization relative to treatment

A B AR ol AR A AR
Qb + 1 pH
Soil organic matter /  Total potassium / Non-exchangeable potassium /  Exchangeable potassium /
Treatments Soil pH
(g'kg) (g'kg™) (mgkg!) (mgkg!)
CK 5.02+0.07b 15.78+1.38¢ 12.01+0.25a 133.3+12.44c¢ 96.35+4.38¢
NP 4.934+0.12¢ 18.88+1.29b 12.15+0.37a 126.7+6.26¢ 89.33+18.66¢
NPK 4.77+0.16¢ 17.61+1.86b 12.44+0.54a 154.7+8.36b 238.1+14.07b
NPKM 5.44+0.02a 22.81+0.23a 12.37+0.46a 184.7+13.38a 366.4+£10.94a

(F4) . FHOTESE R s, NPKM A FH A f 40 7
Boim B E T HAB AN, i CK.. NP A1 NPK |G &

2.3 KHAMGAE TIRBR L IRBEHERN TN
CIMER ML b, 254 PR PR b A A A
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HXF . AR FRME RN WK, &b B a4k
RMRECC 3 22 5% (P>0.05) .

X #5Ab B S AL T AR IEAT 16S rDNA ) PCR
YA, TS NCBI g E o #E47 LX), 45
FFRM (F5), CK, NP AbFRH PR 435 b i) i 20 1
PN ZERIAT R, 1 NPK A1 NPKM b HH I ¥
YRR .

HE— A B, it A RE A% (b R i i B A
RSO (B 1) o EFTA AL, NP &b i 4
MR e, Hky NPK Fll NPKM 4bBE, CK 4bRg
A, 5 CK Zb#AHL, NP, NPK fil NPKM AbF
AR PR A SR A B O AR BN T 162.4%
139.0%F/1 105.6%.

2.4 KEAHEIR THRER TIEMAE WM EMAH

BHMEESE

KA ST, A TR) Ak AR B - 3 v g 40 7
ORI FEATE B 22 (K 6). 1EFTA R H Y i
BB, MR R CKOCEZEAMHE ). NPK
(L 2EH R ) A NPKM ( £F4E )8 ) B35 5 T NP (2%
FHFFIE)E ) A3, FERRIEEM A Z 0], RN
HARBERNGTEHES T ERR MaENERKE.
AN T) b B A f 0 2 ), TR A K R L —
H, BRI NPK (£F4E% 8 ) 1 NPKM ( £F4E 6
&) WBEET CK (FKEFMAFEIE ) MNP (23
FERJE ) bR i AR R A sh R 2B CK (2
ZEAT R ) Kb T A AL B

*4 KHIRET LRBHEEFEMALERK

Table 4 Colony and purified strains of soil potassium-solubilizing bacteria under long-term fertilization relative to treatment

A Treatments

W% Colony/ (10°CFU-g™")

4lfifbHE#k Number of purified strains / ( No.-g™')

CK 17.10+0.28b

NP 12.50+1.32b

NPK 14.73+0.75b
NPKM 129.0+60.65a

5+2a

3+tla

S5+la

7£2a

x5 KHRRTHRBHRENEMEE

Table 5 Identification of strains of soil potassium-solubilizing bacteria in the red soil under long-term fertilization relative to treatment

b3 SR

Treatments Reference genus

SRR

Accession Number

e [ Pt

Classification Homology / %

CK Paenibacillus

NP Paenibacillus

NPK Cellulosimicrobium

NPKM Cellulosimicrobium

KT958886

AB045093

JQ659848

JQ659848

Bacteria; Firmicutes; 99
Bacilli; Bacillales;
Paenibacillaceae;
Paenibacillus.
Bacteria; Firmicutes; 99
Bacilli; Bacillales;
Paenibacillaceae;
Paenibacillus.
Bacteria; Actinobacteria; 99
Micrococcales;
Promicromonosporaceae;
Cellulosimicrobium.
Bacteria; Actinobacteria; 99
Micrococcales;
Promicromonosporaceae;

Cellulosimicrobium.
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* 6 KHANMAE TIRFR LIRMFRE 2 BV ER

Table 6 Content of hormone excreted by the soil potassium-solubilizing bacteria in the red soil under long-term fertilization relative to
treatment / (pg-mL™")

ALk B - INEF WMoh#E ) .
F K E Zeatin H: K Auxin 411 Sum
Treatments and bacteria strains Gibberellin Kinesin
CK (KRN HJE, Paenibacillus ) 4.49+0.22b 75.27+6.77a 8.65+0.44a 2.29+0.33b 90.70+3.67a
NP ( KZEAINF B, Paenibacillus ) 3.08+0.54b 35.06+1.23¢ 5.02+0.72b 1.77+0.74b 44.93+3.26b
NPK (£ 4ER# &, Cellulosimicrobium ) 8.11+0.63a 59.07+4.21b 3.5240.26c  10.78+0.65a 81.48+7.45a
NPKM ( £ 4Ep )8, Cellulosimicrobium ) 7.0240.45a 62.33+3.27ab 5.42+0.33b 9.81+0.61a 84.58+11.22a
x 22 - ECK(%Q{{@.’H‘[}:UM,Paenibaci/lu.s')
% 20 a VNP2 HUFF IR, Paenibacillus) aga
g [ T ab 800 - EINPK(ZF4E i, Cellulosimicrobium) E
5 18F 1 T [ NPKM (T2 148, Cellulosimicrobium) =
%5 16 L b ~ 600} ! E
L owaf ¥ I a —
#E g o =
%‘( % 12r ; 400 , E E
g2 100 ¢ 7 ¥l B
23 sl | : é HE s
E o1 gmp s |1 e [TH|E s
2 af ol = I/= ER=0:=nn:
2 7= = = = =
) : . : : =M=l :=NW:=-MN:
= CK NP NPK NPKM WEE AR M R W KPR BOnm
ﬂ‘IETreatments Oxalic acid Tartaric acid Malic acid Lactic acid Acetic acid Citric acid Succinic acid

T B REUEA I EEAREZE (n=3) o RIE/D
B FIR N R AL AT AE 35 22 57 ( P<0.05 ). I [A] Note: All the
values are represented by mean = SD ( n=3) . Different lowercase

letters indicate significant difference between treatments at P <0.05
level. The same below

P RIIBEAE T 38 A 0 T 110 e R AR
Fig. 1 Potassium-dissolving efficiencies of soil
potassium-solubilizing bacteria in the red soil under long-term
fertilization

TEMRAR R T WA LR RN e b, S b F IR R
P AR . FLRR A 2R I s T A PR
Mo (Il 2), £5 b BB B 20 0 1 109 £ 1R RN B 30
MR —3, B) CK (ZEZFIEFTIE)E ) MNP (23
R B AL T 2 5 T NPK( £ 4E 5 )& ) 1 NPKM
(HF4ewE ); BiR . SRR . FERNZ I NP
(RZERFT A R ) AbFE R 3 v T HAb A F ke 5 2L
R FN IR W ZRBEH NPK ( £F4E TR & ) Fl NPKM ( £F
Herd)m ) WEST CK (ZEMATIHE ) MNP (2%
ZEMIAFRE ) bR
2.5 KHIME TRERFAESFET NI EF

PLS-PM Z55 (&1 3) R, Hift . R &R+

A LA 2 The kinds of organic acid

B2 RHBEAL T S A S T 23 s 1 A PR
Fig.2 Content of organic acids excreted by soil
potassium-solubilizing bacteria in the red soil under long-term
fertilization relative to treatment

B A 5T T A R e AR A 43 ) DR R LR
B PR AT R AR RCR (RP=0.74 ). fi5T
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BEB I H-0.891 F1 1.10) FIMR R ({2 R
IR 0.968 F1-0.416 ) [EES, iR ZR XA 4 4%
AR T UM O (B AR R BN 0.962 ).

RDA Z55%0, YEMRPRLHEP, il 1 fidlh 2 5
SR T A R R R A R AR R Y 70.7% F
19.3%( &l 4 ), 7 + e Ak o FAR RFppE (3R 7),
A (RL) ARFE WA (RSA) 5+ e fi a0 1 Fe
BERETFMELER (P<0.05), AR 145
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Potassium-dissolving efficiency
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TR R TR AR E (P>0.05), L35I IR B &
%, Note: The black solid line and dashed line represents indirect
and direct effect respectively, and both the gray dotted line and
solid line mean no significant effect ( P>0.05 ) . The values attached

to each line mean path coefficients.
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Fig.3 Complex interrelationships of the potassium-dissolving
efficiency in potassium-solubilizing bacteria with fertilization, roots,

soil physico-chemical properties based on the partial least squares
path mode

Bi. A SR ST RIAR S B BT ;. KDE TSGR, OA| TA,
MA. LA, AA. CA fll SA JMIFRERE ., AR, ¥R, 3
. L. AR ; GB N7RFE#HE . Note: RL, RSA,

RD and RV stands for root length, root surface area, root diameter
and root volume, respectively, pH, SOM, TK, EK and NEK for soil
pH, soil organic matter, total potassium, exchangeable potassium,
non-exchangeable potassium, respectively, KDE for potassium-
dissolving efficiency, OA, TA, MA, LA, AA, CA and SA for oxalic
acid, tartaric acid, malic acid, lactic acid, acetic acid, citric acid and

succinic acid, respectively, and GB for gibberellin

Kl 4 SRR S AR R IRARZ B TCAR
(RDA)
Fig. 4 RDA (redundancy analysis ) of relationship between soil

potassium-solubilizing bacteria with soil and root indexes
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Table 7 Correlation significance of soil potassium-solubilizing bacteria with soil and root indexes

15 F5 Indexes RDAI1 RDA2 R’ P
MR Root length 0.999 9 -0.0114 0.974 6 0.0317
MR M FL Root surface area 0.993 4 0.114 6 0.965 1 0.041 7
MR H 4% Root diameter 0.816 0 0.578 0 0.746 0 0.059 2
HRAAF Root volume 0.977 3 0.2120 0.799 5 0.061 7
4332 pH Soil pH 0.750 8 0.660 5 0.760 4 0.078 3
+HEA P Soil organic matter 0.999 8 0.018 4 0.724 0 0.150 0
42l Total potassium 0.786 6 —0.617 4 0.406 9 0.258 3
e e 4 Non-exchangeable potassium 0.988 2 0.1535 0.458 9 0.216 7
A B Exchangeable potassium 0.999 6 0.029 4 0.557 6 02167

3 9 i

3.1 KEARERE X 4145 B 3t R SR s i I AU RS M
LR B, ORRIGICH T ERMIRAKRE

AR E 225 . TG BRAAR G | AR SR T AR FIAR 1A
YW S TAACAL 3, B DA HLICHLAC Bt b
MR R L TR (£2). RS, APLCHLL A
WS T ARPR R pH . A HLET . sCHRPESR A
PR (K 3). X EZSAYLHLLEE
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