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Effects of Inorganic Fertilizer Combined with Organic Manure on Soil
Nematode Community under Jackfruit Trees

SU Lanxi, BAI Tingyu, YU Huan, ZHAO Qingyun, WU Gang, TAN Lehe’

(Spice and Beverage Research Institute, Chinese Academy of Tropical Agricultural Sciences, Wanning, Hainan 571533, China)

Abstract: [ Objective ] In order to investigate effects of organic manureon soil nematode community under jackfruit trees, a
comparison study was conducted using grafted Malaysian No.1 saplings. [ Method ] The experiment in the study was designed

to have six treatments, i.e., CK (no fertilizer), 100CF (100% chemical fertilizer), 300M (30% organic manure plus 70%
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chemical fertilizer), S00M (50% organic manure plus 50% chemical fertilizer), 700M (70% organic manure plus 30%
chemical fertilizer), 1000M (100% organic manure). [ Result ] Results show that compared with CK and Treatment 100CF, all
the other four treatments had varying significant effects of promoting biomass accumulation of the jackfruit saplings and
increasing soil pH and organic matter in the soils. With increasing organic manure replacement rate, microbivorous nematodes
and omnivores/predators increased in proportion, while plant-parasites decreased, the soil nematodes as a whole increased in
diversity (H') and evenness (J') significantly, and the bacteria-dominated decomposition pathways in the soil food web did in
proportion, too. B diversity analysis shows that the treatments varied significantly in nematode community structure, except for
Treatments SOOM and 100CF, which were quite similar in that field. Dry weight of the shoot of the jackfruit saplings was
significantly and positively related to abundance of bacterivores, organic matter and soil pH, while abundance of
plant-parasites was negatively related to soil pH, organic matter, alkalyzable nitrogen and abundance of microbivorous ones,
and abundance of bacterivores was significantly and positively related to soil organic matter and pH. [ Conclusion ] Combined
application of chemical fertilizers and organic manure can improve soil nematodes in diversity and evenness, balance the

nematodes different in feeding habit in proportion, improve soil fertilityand make the soil environment healthier and hence

promote growth of the jackfruit saplings.

Key words: Jackfruit; Organic manure; Soil chemical properties; Nematode community
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X A BERCAE W R T L SRR BT ) AR R
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1 0T A HUAL 52 e - 498 2 BV 235 #4) T Y)
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PR I 2 o AE By b X B AR S R g v o i M
B MR A RS TSR & B %)
AHOEI S KA Ak 5 3 WA MILAE A4 it FH B 338 in - 43¢
e KL, e A M A AR e L
o, BRI L BT, Sothearen %1
Xof 9 8 2 it R AT R T, it ] i 22 S 234 m
THEBENAERKE, BAEER TA VUL 2%
KOER, FFARIRADE 3G it A AILIE Qo o] el AR - 458
AR RGN i w4 K. Kk, &%
FEADLIE 5 1T B it o] v 2 2 Mo+ 3 A 2 Ul R
S8 S IR oy AR A R s e B R R .

W% ( Artocarpus heterophyllus Lam. ) & FXH

PAAHT B AT b DX T2 PR O R G R AR T TG T
8 bl ROy T T TS AR Y B =, AR A
BT, FEKEZREET, SECERS A
WM E . APLR S AR, FhiE i i 2 i 5
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1.1 fEkar#

B 3R A b P Ol B2 B R IORHIT
ST ((18°44'8"N, 110°11'34"E ) 4T 8 s Pk Ke b,
ZHLIX R MR AR RS ARRIR 24.6°C, AR
R & 1 990~2 400 mm, 4% H JEAT44 1 800~2 300 h.
THERRUN LR A R B G LI, B i 1
pH 5.04, AL 17.3 gkg ', TfRAE 91.79 mgkg ',
AR 73.67 mgkg !, A 37.88 mgkg o

HHRFFEAPUE (A B, 50.8%; N, 15.6 gkg '
P,0s, 47.2 gkg™'; K,0, 129 gkg'), WHILHAK
EAEYRHEARAR . BIENKRE (N &7 46% ),
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FHLAE+70%ALAE ). 500M ( 50%A3 HLAE+50%FLHE ).
700M ( 70%A HLIE+30%1LAE ). 1000M ( 100%A HL
JIE o 100% A HLAR i FH 152 2% B A U145 1 i 4l iy
Pt A T R A A (4 N H AR NSgfk !,
P,0s2.5 g Bk !, KoO 5 g ¥k ") /b A HLAE Ffk
JE &SR A4 (g A IR R IR 1), SR AL
JEAERENE — kMt A, AL #IE s 4 IR =AEIBAE

Wi . FeAk—bk = — o bR ey, W
L, ORI, BAAERE 3 AER,
RANEE 6 Bk, Bt 108 ¥k BRI 120 d
Jei I 72 A SR A o
1.3 MENESFE

B A BB AL 9 AR 34— B0 8 v
FIRE R, fobk o 8 1 S AR Bl 34 o — A
DURRE A, AR BERTG R AE 9 ANHARE . HEPIAE
ARG, P25 B PR AR o 3 WK, 40 it B3
FIHL R, RAMETFRERNE Ty . Rth=
HRF /Ml 133 K A AR R R ] S5
FIRE I RWIY, — T LRSS, — AT
W5 A i) 39 pH R & A HU R R 22
TKEHR 15 (wiv)e AHLBTR B ER Mk
RONE 5 B SRR PR WO I A 5 38 SR
FH NaHCO; ¥R AR —H 8 DT b e I 2 5 - 3gesisk
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x1 FELLEHERIAS

Table 1 Fertilizer and organic manure application rate relative to treatment

Calcium superphosphate/ ( g- plant')  Potassium sulfate/ ( g plant ')

A3 HFEEHUE JRE
Treatment  Cow manure/ ( g-plant') Urea/ (g plant™)

CK 0.00 0.00
100CF 0.00 3.39
300M 30.00 2.37
500M 50.00 1.70
700M 70.00 1.02
1000M 100.00 0.00

0.00 0.00
39.33 2.87
27.53 2.01
19.67 1.43
11.80 0.86

0.00 0.00

14 ZHEESEESEE

PRI 100 g 885 1 VA Ak R4 T 132 s A g
WA, 2 s B0 o R S T, AR
ISR BB ONE 100 g TP EGE . THEUS,
FEMLEKI 100 F5 DL 14k HUE T 203% A, HE B4R H
% 8 5 IR (%) DU SR sk S K o3 25 AR 2 U S E , T
Olympus BX51 JG2# 58 100xF1 400x T ULLLL
A, RIS R BT T/ e U ARG LR
Wy e B LETIESSERE, By b
ANEFRERE: AR ZH (Bacterivores ), B H
1t (Fungivores ), fH &ML H ( Plant-parasites ) F
ZRE AL Bt ( Omnivores/predators ) 1),

TEO T8 SR 2EHE L) i JE il bk — 25 1 3
2k TR TR AL
H A= TG 4 AR FR 2 (MT):
MI=D e-p; x p;
A, cp MAERIT | KT cp H, pi N i
AR TT AR (5 2R R AN AR Y EE B
ToRLZEEFEEL (H):

H'==3% pxlnp .

SO
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(J') =H'/InS,

{rf, SRR IEHITEL
2L R 3E T 1 R

(NCR ) =BF/ ( BF+FF),

K, BF Hl FF 3 403 £ 4 1/ A B A9 4
Bk,

WEHAEEL (EL) =100x (e (etb)), 45taHE%L (SI)
=100x (s/ (stb)). 1, b (basal) % & ¥ ¥
oY) Al 4y L G H 48 Bao, A Fuy RS S HE
e (enrichment ) fRFREWM A& £, T8 Ba, Fl
Fu, PIA2EHE; s (structure ) ARZREW) I b i 4544 i
4y, 45 Bas-Bas. Fus-Fus. Om;-Oms fll Ca,-Cas 25
b e M sTE T T7 05 518 Zkony Zken, Al Zkng,
Hor ko ke Ml kg A2 ZEBERION R A INALUE (HAE7E
0.8 3| 5.0 Z[H] ), ny. ne Fl ng W2 FHERYFE
1.5 #HiEAbE

TE SPSS 19.0 1, {#i | Kolmogorov-Smirnov £

55 F Levene’s 55 X B A3 B8 251 7 1IE 28 3T Fl )y 22
FHERE . R R Ik (ANOVA ) #E475K
i Lo A, B Duncan 58 &2 M 22 3 K6 56 A B ) 22 57 A
BFEMAKFE (P<0.05). A R #fF (3.3.2) B
Vegan 2 P17 B ZEEVE W, [ corrplot F2 7
AT AT o

2 45 R

21 HMEREAXMNEZEZESHENENZMN

M 2 AT LI H, 1000M Ab B3 %5 % 45 v 1
B 5 SO s R E R = R = R
TR e 53000 46.00% . 31.25%F1 42.54%, R
I EXTEZ S AR E ., S00M AbBi 3BT 5,
TESTE . AT E AR L T, R
B HC A 53 00 R 23.99% . 56.80%, 31.68%F1 30.00%;
55 100CF AbFHAHLL, 335 %40 (kb 38T . Mo
TR AR T A, Y L 43 5 R
14.81%, 37.80%F1 20.37%.

x2 FRBERAXNEZENHEMETL

Table 2 Biomass of jackfruit saplings relative to treatment

Aib B Mo FERE R BT g L
Treatment Dry weight of shoot/g Dry weight of root/g Total dry weight/g Ratio of root/shoot/%

CK 17.76+1.63d 5.44+1.20cd 23.20+2.80c¢ 0.30+0.05b
100CF 19.18+2.53cd 6.19+0.78bc 25.38+1.76¢ 0.33+0.09ab
300M 18.55+0.89cd 6.77+0.94b 25.33+0.85¢ 0.37+0.06a
500M 22.02+2.77b 8.53+1.20a 30.55+3.27b 0.39+0.07a
700M 19.86+0.91¢ 4.82+0.76d 24.68+1.44c 0.24+0.04c
1000M 25.93+0.69a 7.14£0.99b 33.07£1.65a 0.27+0.03bc

1 FPIAS R BRI 45 Ab P 2% 57 i 3% ( P<0.05). T [A]. Note: Different letters in the same column represent significant difference

( P<0.05) between treatments. The same below.

2.2 MEAEA XY EME T IEA R R
S8t A AL A 5 %o IR 2 B - 4 pHLL A AL
A SRR RS i, He 1000M A BRI A L 5]
I3 IH 34.75% . 48.86% . 46.71%H1 431.66%( % 3 ).
B A HLAEAS 100CF Ab 3 i &4 in + 3¢ pH A HL
R, D RO R AR A . Bl A AR
FHL B, 48 pH. AL, SR A S R 2K
R, A R A A i R R R

2.3 HERRARI LIELHEEARMTIT
A3 e AR e th R A 13 AN B (3R 4).

BEARB 7 BETE AR B 10% LA E @ &l e oy 3
LW AJE, ik 3 ATLIANEIEJE Rotylenchulus
TE A Ab b 34 R 4 s CKOAR R AR 3 3= B4R
AR E ML A, RIAIRESE Meloidogyne . 2
WEJ® Helicotylenchus FVEALE Tylenchorhynchus; Fifi
H A LIS T LB g hn o e £ 28 ik
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Table 3 Chemical properties of the soil relative to treatment
AHLET TR A A Rk BT
Qb3
pH Organic matter/ Alkalyzable nitrogen/ Available phosphorus/  Readily available potassium/
Treatment
kg™ (mgkg!) (mgkg!) (mgkg™)
CK 5.18+0.06d 20.61+0.48¢ 68.02+2.84d 117.248.1¢ 50.16+2.61¢
100CF 4.46+0.05f 20.31+0.69¢ 102.143.15a 1226+313a 554.0+36.8a
300M 4.62+0.07¢ 22.30+0.46d 87.24+6.15¢ 777.0+113.5b 424.7+26.5b
500M 5.26+0.05¢ 24.02+0.68¢ 83.50+4.11¢ 563.3+15.6c 409.1+9.9bc
700M 6.00+0.08b 27.78+0.62b 93.19+1.91b 389.0+44.1d 392.5+25.9¢
1000M 6.98+0.07a 30.68+0.93a 99.79+4.53a 109.4£10.3¢ 266.7£22.3d
x4 AEHERLELTIELAENEXNEE
Table 4 Mean relative abundance of nematodes relative to genus and treatment/%

J& 4 Genus HifgH P Guild CK 100CF 300M 500M 700M 1000M
W JE Prismatolaimus Ba2 1.85 0.00 0.22 0.31 0.00 0.55
PIRN % )& Acrobeloides Ba2 0.24 7.85 2.58 7.44 5.35 10.43
A8 Mesorhabditis Bal 2.14 2.32 1.38 3.78 14.50 15.75

Hi e J& Geomonhystera Ba2 0.00 0.00 0.00 0.00 0.00 3.96
M@ Cephalobus Ba2 0.00 0.00 0.00 0.00 0.00 2.36
WIHJE  Tylencholaimus Fu4 4.42 7.59 1.21 1.03 7.25 15.76
BALI®  Tylenchorhynchus Pp3 15.01 4.63 12.84 4.73 6.26 3.41
B8 Rotylenchulus Pp3 10.25 46.71 23.72 47.73 30.57 33.68
JERJE Pratylenchus Pp3 7.69 26.20 33.99 27.70 19.48 2.13
W28 Helicotylenchus Pp3 20.76 1.23 6.03 3.64 8.73 5.36
& Criconema Pp3 1.18 0.00 0.00 0.00 0.00 0.00
L™ Meloidogyne Pp3 28.74 3.31 17.78 3.23 3.28 2.41
2228 Oxydirus Op5s 7.72 0.17 0.25 0.42 4.59 4.21

1) Ba: E40E4 A, Bacterivores; Fu: & E 2L, Fungivores; Pp: M &TEZ& M, Plant-parasites; Op: Z4E&/AliE kg,

Omnivores/predators, Bax, Fux, Ppx, Opx, x #§ c-p {, x stands for c-p value.

W, AP s R Geomonhystera 13k M )&
Cephalobus {7 1000M b H FPA77E
24 MIEAXXNLTEEZBAEFREHNHZN

AN AE 77 20T 3Lk U SRS M A A — 22
S CE 1), XFREF 100CF &b 3 b £ 2 d il 5
w2, Al AR BN 83.18% 1 81.83%. ki
A HLAE it FH B A3, A 2 s o L e
o 20 T 2k 7R X BRI 100CF A3 b 430 51 5 1 4.12%
M 10.40%. Bt A MU HL 38 £ 40 PR 26

B f7 RN, A R R AR BB L AR
a5 A AL 22 B AR B L A X I
i LK, O 8.14%, HIRH 700M Al 1000M 4k
L, 7R HABAE R /N T 0.5%,
2.5 HEREA XX LIEL REE SN
#5455 BN, 1000M Ab B H H Az 36 2k B
PEEFR R MI (B e, B IR AN 89 Fe il 112.7%
( P<0.05), HKZE 700M 438, 53F IR IC W E2
5, PIALERAY MI {HE4 3 % F 100CF 4 # . 100CF
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Fig. 1 Relative abundance of soil nematode relative to trophic
groups

ALERY MI{E 5 %5 IR 22 5508 B 3% . 7T00M AbHE Y & 4
HE Bl (S E 5T 100CF AR, B4 L]
50.92% ( P<0.05), S5X}HEFD 1000M kb3 TG i 21

2557 B FEEL ST R ZAEEFR B HMEAEXT IR . 700M
F1 1000M Z [8] JG b 3 1 2% 5 . 100CF 1 500M &b
B HE 3K TR, s A B3 25.54%
(P<0.05). X} HRAFHAIEHEE MBI, 5 300M,
700M. 1000M AbFRTC i 3 2257 . 500M Ab#rf
Y3 B HE 4 NCR fH =, 5 300M. 500M 4370
WEMW2ES, XA NCRE K.
KRB 24 R (NMDS ) $8 50628 )8
ACFHXS EBEAE B 2RI, B W RIR M A
(‘stress value ) 2 0.113 (& 2), FORIRILLERCR
4§ NMDS 8802 75 CK.300M ., 700M Fl 1000M
Ab A AL BRZE HBETE X 43 FF . ANOSIM 43#r 4G 21
0 7R A L B] R RV AR 25 0k i 2K (R=0.787 6,
P=0.001 ),
2.6 TEEMSFEEEKETIBEVEERIXR
Kl 3£, HEEMELREE S ERL R

x5 FREMEAATIRERESELHZ M

Table 5 Soil nematode community ecological indices relative to treatment

Qb PR F8 %0 Index
Treatment MI EI H J NCR
CK 0.63+0.33bc 77.03£13.70ab 94.84+5.77a 1.84+0.14a 0.82+0.06ab 0.53+0.18¢
100CF 0.49+0.23¢ 58.25+19.84c¢ 73.46+22.80b 1.37+0.13¢ 0.73+0.07cd 0.61+0.29bc
300M 0.13+0.03d 66.75+9.54bc 69.89+16.05b 1.56+0.15b 0.77+0.05bc 0.77+0.17ab
500M 0.25+0.09d 61.02+£24.61c 52.26+21.07¢c 1.37+0.18¢ 0.69+0.07d 0.91+0.09a
700M 0.77+0.25b 87.91+11.54a 89.14+10.38a 1.82+0.16a 0.87+0.04a 0.77+0.21ab
1000M 1.34+0.35a 79.09+8.62ab 83.26+10.29ab 1.83+0.10a 0.82+0.05ab 0.68+0.11bc
04 300M
“100CF
500M ,
- « CK
o s 100CF
2 0.0  300M
E 500M
., 700M © 700M
CK, + 1000M
-0.44
stress:0.113 1000M
ANOSIM
R=0.787 6
P=0.001
1.0 0.5 0.0 0.5

NMDSI

F 2 KT - sLk doE T = B2 A NMDS BUF E

Fig.2 The NMDS biplot based on the relative abundance of soil nematodes
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Vo TN, RHCEZH; Ba, @ANMLM; Fu, RHELM, PP, MIEPEL M, OP, ZA/fEL R, DWS, M F¥TE;
DWR, HTFHTHE; TDW, S TH; SOM, AHLE; AN, B#E; AP, AXWBE; AK, BAUH . %7 FRom AN [ gb 2 a 0 22 5 0 35k
KEgik 0.05 KW “*+” FeoR A [ AL B A 9 22 5 B R B0 08 0.01 K. B F/RIEMSE, LD OFRTMK, RIEMA/NEHIH
PRI /N, Note: TN, total soil nematode; Ba, Bacterivores; Fu, Fungivores; PP, Plant-parasites; OP, Omnivores/predators; DWS,

dry weight of shoot; DWR, dry weight of root; TDW, total dry weight; SOM, organic matter; AN, alkalyzablenitrogen; AP, available

phosphorus; AK, readily available potassium. “*” indicates significant difference at 0.05 level and “**” significant difference at 0.01 level.

Blue indicates positive correlation and red negative correlation. Size of the circle indicates magnitude of the correlation.

B3 Lk R Gl S B A A K R A A PR TR DG

Fig. 3 Correlation analysis of nematode abundance, jackfruit sapling growth and soil chemical properties
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