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(1 VLA R BL2EBEARO FEIR S ABEIZERT, AT 2100145 2 ERAO MG AWM L0, M 210014; 3 VLA R2EAEMRl2Am
BE, YLHEHYT 2120135 4 VLA R 5% TR, TTHEYT 212013)

i OE: WA, P TRFEDRIEA MR (GZE | 428 fRE) SR S AR ST ARPR A2 E A Mtk i e
ZERFHT: O3 FEHLET R GRS, FETE, AP E ., SORE .. RRRT N, FPRIEh S RmIABWRAIER, Hrhh43em
HEREEE (P<0.05) M AORIA T (5 H, MBIERREE (P<0.05) $2m RIS —RiIERY &t , FEEXHRPRIGEN & R TSR R
B (LLXSIRREIN 69.1%); @3 FaHLP ARSI TARBR 400 . BEEGRE, B3 (P<0.05) 388 THRPR+ P (LEg . DR, 2
PERERREE . I A AL BHE YRR 2 S LR AR A BB AN, P2 am iR . S . IREETE PR 4R T
BESIRR, QXA S (P<0.05) BORARBR LA DL . 2% . NHI-N &8, 43¢ 13RE2E (P<0.05) #2513 pH, KRET
o7 b5 R MR AR TR M . A T R B A REIER R SAMEEGR . PRS2 NH-N SR
BRI, XU NIRRT RE R A0 B L AR T ZMBRIE A RETR , SRR, MEER R EE A, 4
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Effects of Organic Materials from Different Sources on Growth and Quality of Vegetable

Broad Beans and Properties of Rhizosphere Soil

REN Gaidi"***, ZHANG Miao'?, ZHANG Wenyue'? GUO Dejie'?, MA Yan'***

(1 Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China,
2 National Agricultural Experiment Station for Agricultural Environment, Luhe, Nanjing 210014, China; 3 Institute of Life
Sciences, Jiangsu University, Zhenjiang, Jiangsu 212013, China; 4 School of the Environment and Safety Engineering, Jiangsu
University, Zhenjiang, Jiangsu 212013, China)

Abstract: A pot experiment was conducted to investigate the effects of organic materials from different sources (chicken manure,
cow manure, and mushroom residue) on the growth and quality of vegetable broad bean, and the chemical and biological
properties of rhizosphere soil. The results showed that: 1) Organic materials had positive effects on the number of branches, pod
dry weight, kernel dry weight, large-kernel dry weight, percent of large-kernel and kernel starch content. Cow manure or
mushroom residue significantly (P<0.05) increased the percentage of large-kernel. Chicken manure significantly (P<0.05)
increased the percentages of two-kernel pod and three-kernel pod, and also resulted in the largest increase in the starch content of
kernel (69.1% higher than that of the control). 2) Organic materials not only increased the quantity of rhizosphere bacteria and
fungi, but also significantly (P<0.05) increased the activities of neutral invertase, urease, acid phosphatase and polyphenol
oxidase in rhizosphere soil (except an insignificant increase of neutral invertase by cattle manure treatment). Chicken manure led

to the greatest increase in bacterial quantity, and neutral invertase and urease activities. 3) Chicken manure significantly (P<0.05)

ORAETH : TLFHA HRRHEE AT LI H (SBK2020023002) . BeSEARHIF k. 55 4 W5 H (T A A B 2E)(ZX(2020)3011) . YLHEH I “333
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increased the contents of organic carbon, total nitrogen, and NH;-N in rhizosphere soil. Cattle manure and chicken manure
significantly (P<0.05) increased soil pH. The proportion of large kernel was positively correlated with soil acid phosphatase
activity and available phosphorus content. Starch content of kernel was positively correlated with the quantity of bacteria, the
activity of neutral invertase, and the contents of organic carbon, total nitrogen, and NH;-N. The above results indicated that
organic materials can provide more C and energy for bacteria, and hence lead to an increase in bacterial quantity. Bacteria are
important producers of enzymes. The increase of bacterial quantity can increase the production and activities of enzymes (neutral
invertase and urease) related with carbon and nitrogen cycles, result in more conversion from organic nitrogen to inorganic

nitrogen (NH;-N), then increase soil nutrient (NH;-N, total nitrogen) levels, and thus lead to improvement of the nutritional

quality of broad bean.

Key words: Organic materials; Broad bean; Crop growth and quality; Soil biological properties; Soil chemical properties
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1 #REFE

1.1 ks

S 12 St MR TR RO B B 2 B AR iF
SRR IR G 2 S AR BT+, R AL
I8 AN B 22 BE 7S A B W) B o 3 b (118°37'18"E,
32°29'17"N). REMLIEHR 0~20em RZ T 11
FEARBAEPERRUT . 3 pH (m 2V x=1:5) 7.66, £i
ML 10.53 g/kg, 4% 1.15 gkg, 4# 0.71 ghkg, 24
10.52 g/kg, A% 35.23 mg/kg, WA 202.33 mg/kg,
NH;-N 3.55 mg/kg, NO3-N 11.98 mg/kg. JE 2K 42 |
XHE ok FHVLINE LR BN G sh PRk S it
HERE) ™, X 3 REHLRIR SRR 1.

#z1 HABIHBAEIEE

Table 1 Nutrient contents of tested organic materials

AHE APLUR e SHUIP SELK
(g/kg) (g/kg) it, gkg) It, gke)
42 339.49 14.38 5.54 19.93
PLES 412.78 11.78 6.27 20.30
Tl 805.08 25.52 14.36 17.09

1.2 HEZHAXWIEZE

FEFRA I TE VL IR A8 ARO Bh 2 B e /R il = KM
AT, BEE 4 N0 E . OAIA IR BE(CK);
QInAFE AL HE(Chi); NN AL (Cow); DNkt
REFE(Mus). B 4 AR, it 16 B rfa ik
AN E A EAHR] . AALHE S N 56 mg/kg 1, LA
PREZEE At ; BEAEFHES P 70 mg/kg +, DLidwE
PR ST =it in 5 AP AR FH A K 60 mg/kg £, DA K,SO,
TN o BEEPIE A BB A — kP, LRy
55% LIFENEHEA , 45% TREACWE. X Tusina
LR B, XS | 4238 | #iid TR Nl 10 g/kg
T ERETEIE), HEREE R EEA . A4k
BRI AT AL R R A A it P i L2 2.

*2 BHEENBMLEERE

Table 2 Amount of organic materials and chemical fertilizer applied
in each treatment

AR AR N (mg/kg) P K

ke Tom mE (mg/kg) (mg/kg)
CK 0 31 25 70 60
Cow 10 31 25 70 60
Chi 10 31 25 70 60
Mus 10 31 25 70 60

AR AR HAR A 30.5 cm, BN 24 om,
gt 12 kg WEALEMAEZET, S KRS

W, FEERAE K, KPR 2 ~ 3 IE S
THVERIK AT, RS KIE 4 ~ 5 h 5 RIATH#E
Filt o B3 A 3 R A0 A S A RIS ]2 2019
9 H 30 Ho FER T A K 2 EY) 10 cm B, [[]
B, AR R YERAEIINT, FeH N 25 me/kg
THEERER . GBI BHIRREME T KT, BCRUR
R, UMRERRTL, EEERR 10 cm 42—
WILBNEE, B IRZEFRISIINBLENEIE N, FHER
BB ATIERE, H A B ERARET, ik,
il E 3K 53 IR B FRIHEK B 60% ~ 70%.
1.3 HmRE

TE A 1 A SR AR Ay A MRAE S AR PR £, T
FE A AR AE R TR . Ak BLiE A . R LA
“FAEbR o

FERE R b, |38 SR A Y A 1, IR RO A
PRIEHS B2 i K B R i e B, BRI R o il sk gy
R BE R TR —2F 10k 8. BT ¥ G IR T,
TG, FREEE R HRLRIF, gt sEhany
A NG IR AR F.(>0.8 g/kn) . FRI AR (0.6 ~
0.8 g/ HI/INRIAR K.(<0.6 g/RD) BRI E B, )
S (0w L D17 o O 5 s AN [ = R 41
I i RS O N S e S PR E o8 NI 2 153757 3
ERBRLJE, /NOBUEER R, B AR R bk
T, RAGES, HETRRE,
1.4 HmillE
141 FORCE TR BT bRl FRL A i
SR FHBEURR L vk i sz U, BB/ TR 1] Solarbio
28 a) B TE R B A R & (L R ERHCA IR A
AP R T . R A T R T S i
W
1.4.2  F B A B IS PR 2 1) PR
FERTS PESR ) 3,5- R 3 /KA R HL el a2 ), AR
TR IR Solarbio 4% 338 b PR 5% (L Tl (S-NDIE PR A
MR & b 2P B AT . B S LA 37 Cli g+
B R A 1 mg 30 S5 E SO —A~ G P FAA

2) F IR B MR A B B S L ke, B
VRERAE i R IR N BLEE LR WA BR 2 ) SR 4R Y 3%
ikt (solid-urease, S-UE)iM & {71 & H ad#edE A Bk it
1o BAIRE S BRE ¢ B4 1 pg NH3-N
FE SCR 1A 1AL

3) SR W R Wb T SR FH W IR R A L (.
Mt B  BE R MRS R R A B D
P Y = 18 % PE W 2 B 15 1%k (soil acid phosphatase,
S-ACP)M & 150 & b 42D BRI T o TG PR
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37 CHIEhRg g R RBEL 1 pmol 2K 1 4>
it 175 B4

4) IR AAEER AR = ke,
FLRSRAE D Bt BRI MR8 A D B A PR Rl Bt
A 1 398 22 1y 48 fk i (solid-polyphenol oxidase, S-PPO)
A EME . e S BRAE g RIETTEAE 1 mg
HOBETRE SN VAT S50,
143 MRPr 13 DNA 2 X H FastDNA®
Spin Kit for Soil(MP Biomedicals 23 H))i i & #EH 1
HERE RN 4] DNA. FREC 0.5 ¢ 14, $R IR S
MIFEBUE BRI T o B HEEAS 20 3 E ) 5. DNA
WET 100 wl TR, RAMEEMHOLETT
(NanoDropND-1000)#ll & DNA ¥ FALE, Ak,
K 1.2% BB HHEE R HL UK 73 DNA [ 585
¥ DNA FEE T 20 CHRH.
1.4.4 ZEMERFICER PCR - RHSIY S15F
(5-GTGCCAGCMGCCGCGG-3") Fll 907R (5-CCGT
CAATTCMTTTRAGTTT-3")H T X4 16S rRNA %
) va-vs X178, RS9 NS1 (5-GTA
GTCATATGCTTGTCTC-3') #l Fung (5-ATTCCCCG
TTACCCGTTG-3")% ELIA ) 18S rRNA [ 17 &
P PCRARSER & B AR 14 s R A 71
o FIUFREE S W5 iy 15 B AR, bt v i SO
J&, B BAREHE P EA T LB KRl K
F%, IR SR TR I e ORIk B, SR JF
B DUE . BRI T 10 f5RR BERR RS, RA5 HARSEA
FIAREMZE . 286 PCR AR : 10 ul
SYBR Premix Ex Taq (TaKaRa), 1.0 ul 5| ¥
(10 umol/L), 1.0 ul DNA Hiti, IATCHE AN EE
20 plo BEADFEMICE 3 DMEOREE . EhE PCR I, LU
TR DNA VENBIPEXT IR . 405 A
PN T PCR AU . 94 CHIAEME 30 s5 94 °C
P 30's, 55 ‘CiE 2k 30's, 72 "CHEfHi 30 s, 35 PMEIR.
1.4.5 PR EIEfbAR I E  pH AT 12 2.50m ¢
V)oK b AR R a2 P - A LA R e iR A AR
BRI F LA A E Y, 2 EUR LR E ZA

SR, SRR I I i L e Y, S AR
FEAMIGRE B Y, A R08ER I NaHCO; #H B8
i@z,

2 #®R

21 ARANMPNNESEKNIEZEEEKNZIN
R 3 Fror, SAIAE LR R AL EEAR EE
AR L RS RN AR L R Hb
FRES A Y AT WS, XT3 & OFPRL T
A —EREFER, HEIFRBR R E K R8N
I, AR FERIRE M AL FAD 1 2 (P<0.05)3E N T KAk AR T
AIECE o LU (B 1A), il JORE A SN0 T v
HEALFERY 90.3% 3 HIHEINZE 98.1% Fl1 99.0%; X33
TRk AR GBS L, HR AR IR B WK
TiEh, WA TSR W RN, R ISR
—RIIE, WORKE . —RiYE, R 1B s, —REKER
bR, AF 58.1% ~ 76.0%; Hk MFikiE, &
h 24.1% ~ 36.0%; —Hidedi thimAL, (U 0 ~
7.14% . XS FEAL AR B2 1IN (P<0.05) P AL IE Fl =i
JERY L, T PR AR R 5 H, IR 2 Ab
T, A TR B AR (RSB =R 3E)
A e fil L BN (P<0.05) R SERY 5 Fb, T i R
fR—hi IR 5 L
2.2 ARANMHRXE DA E FF MR E
TER A TR FEAEAPE X B AR AR
TR RIS, A XTI & B SR e E
B EABE M A R RSN AEY RS
Z—, ARG R ) e A S R A, 2
VM AR B RN E M B 24685 .
ARSI, XA PR, XS ZEX] A
FERLE R & AR IR OR, XS RSN 69.1%([&]
2A), FfHikF| W E K F-(P<0.05); i HAF2% ., #Ext
W OFPRIER SR A RS, HERARE, 55
STHEREAN T 18.7% A1 27.6%(F& 2A). 3 FlA HLAARI T
e FPRLR A A R, (A S X R
WL RN 6.71%.1.09% F18.45%(/ 2B).

x3 AREANMRNEZERNEZE KRR

Table 3 Growth indexes of plants and pods for broad bean under different organic materials

Ak 3 78 SRR Mo 1A R+ FTHE PR KOBL (i
(cm) (e/H) (g/B) (e/#) (e/#) >0.8 g) T H (e/H)
CK 69+9a  12+3a 65.03+2.72a 53.03+0.11a  44.09+19.23a 28.89+ 14.01 a 2537+ 13.63a
Cow  63+6a  I15+7a  6l60+1246a  4685+699a  60.22+1530a 41.67+11.74a 40.49+9.34 a
Chi  65+15a l4+4a  5036+1557a  3670+1924a  48.75+8.10a 3431+5.25a 31.77+4.74 a
Mus  67+6a  13+£3a  68.59+1455a  5559+1513a  53.06+16.80a 38.12+ 1446 a 35.13+13.99a

[E: Cow, 4:%&; Chi, X3&; Mus, 45#; CK, X [FF/NG FREARSFRRAL B 22 515 P<0.05 W#KF; TR
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Fig. 1 Proportions of large grain or pods for broad bean under different organic materials
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Fig.2 Contents of starch and protein in broad bean seeds under different organic materials

2.3 AEBENIFEXIE SRR TR E R

MEY R LI —U e d R RS
F o AR R AL SRR Y T B A R IR
EATE R AR L RE R e e A A Y B R R L
JERIELIERUEYIEE R E RS —. Wk 4 fr
N, SXPIEAHEE, e XOFE . aEEALBERAT (AR PR
TR . H BRI AR A AL B 4R

PG = B (B BN (P<0.05) , 3860 E 3t dig R (e X6 1A
BTN 19.4%), X1 AHRG FE Ab P AR 2 (R HEAR PR £
SR A A R A . S | i A RO A B R
EWN(P<0.05), TSI B, S 101.4%, XY
FEIEINRIE R 57.5%. HF— 2000 TARBR - 40 TR/
BRI O, S5k I, 3 R ML RERT 20 LT
AR NTE R

x4 WEMEHEMRATE PCRERUKMARH/EELETL

Table 4 Fluorescent quantitative PCR results for bacteria and fungi and changes of bacteria/fungi ratio

JiBL gl HH GG VA-N: )
16S rRNA %£[H Loxt HE 18S rRNA #:[4 Lo X B n
(10'? copies/g T 1) (%) (10" copies/g 1) (%)
CK 3.12+0.10b - 389+1.10b - 84.0+26.2a
Cow 3.32+0.76 ab 6.42 531+£1.73 ab 36.6 66.0+164a
Chi 373+£025a 19.4 6.12+1.02a 57.5 62.1+109a
Mus 3.61 £0.84 ab 15.5 7.83+234a 101.4 479+11.0a
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Fig. 3 Enzyme activities in rhizosphere soils under different organic materials
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BCR 5L 3 IEAHE(7=0.985, P<0.05), SHIPRELEH
Bom B IEAH I (=0.706), {HAHXPEANRE, XM,
ZERVIRY/p S 82 I A w521 N e D) [T 15w S AR S
AL S PR 0 ) R A
2.4.2 ARPRE-EAREEEYE IREERH B S HL
RACP K i Ak M A n] LA R A CHL R
R, SEPEM R R R SRR, EREEH TIRE
T C-N f#, ffiRZFE KA CO, M ixE +
e i BR A K R 2 —, X TR R R R
M ERA R A EZEE L, WE 3B iR,
43 XS AR AL LYY B 35 (P<0.05) 4 T Rk
it 5, E v R Sl T PR B R R K, Ok
MR R T 6.45 £ HIR M, B REEE T 6.16
5 AR SR 6 ) 4 R R N, O R

T 227 1%,

JIR BRSPS A R 5 2 TEAH G (=0.990,
P<0.05), H5EREHEBATEEMICKER, HEMX
A B2 (=0.885, P>0.05), XML ALY R
PR, AR PR - 40 P ARt 1 0 AT B JR AR B - S IR S 1
B EE R
2.4.3  ARBR A S IRE W R N U - S IR i
— IS A Tl T L T K A A U R AR 5 RN [l
BRI GERR . B, TIEPAPLEE S BB 30% ~
65%%, - HEA HLBEE BERR R RO K A E R R, mT LU
ALY RER LA . UL, B R AL 4 rh
A VLB AR BE , LIS E R s g
BILBE 11 531 Bl 8 A= 0 35, S A LA B
SRR T ) RIS BE AP A o TR M MR Bl 2 H TSR R
MG, & 3C P, 438, X9 hiEAb ) i
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Fig. 4 pH and nutrient contents in rhizosphere soils under different organic materials
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Table 5 Correlations between biological and chemical properties of rhizosphere soil and growth indexes of broad bean
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