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The effect of continuous cropping factors on soybean seedling

growth and nitrogen fixation

RUAN Wei-Bin. WANG JinngUO- ZHANG Fu-Suo (Department of Plunt Nutrition. China
Agricattural Unversity Besjing 100094, China . Acta Ecologica Simica . 2003,23(1) :22~29.
Abstract: Growth of citrus.apple and other fruit trees in replant woodlands may be significantly reduced
due to a replant problem and now it has occurred in intensive cropping systems as well. Soybean is a main
crop in the narth-east part of China. When soybean is cropped continuously in the same field for years,the
vield would be reduced by 10%~~30% or more. The phenomenon is called soybean continuous cropping
problem (SCCP). For easy management.farmers would rather plant soybean year after year than rotate
with maize »or other crops. The area with continuous cropping problem is about 700 000 hm® only in the
east part of the north-east China. Much work on the problem has been done in China sinee 1980s.
However, the main reason why continuous cropping system causes growth problem remains unclear.
Nematode »deleterious organism and allelopathic subsiances are now shree {actors under consideration.but
which factor is the most important? An experiment was designed to answer the question.

The experiment was conducted in a greenhousesin the campus of China Agricultural University.
Beijing. China. A specific growth device was designed for the experiment. The device had two
compartments, an outer and an inner cylinder in which soybean was planted, The outer cylinder was a

Wargernel pot,and the inner one was a PVC tube (30mm X 300mm)sezled completely at the bottom with a
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plastic sheet. Two windows (85mm X 190mm)were made in opposite positions in the inner cylinder. These
windows were covered either by plastic sheet (Opm).nylon net{30gm).or mixed cellulose ester membrane
(Millipore < 0. 22pm ). which limited plant root growth in the inmer compariment. There were 2 kg
sterilized sandy soil placed in ihner compartment.and 6. 75kg black soil filled in outer compartment. Water
was added to the water inlet of the Wargernel pot in three treatments in order 1o carry some substances in
soil of outer compartment into inner one and its effect on the plant growth was examined. Water was
applied direcily to the top of the inrer pots in the control.

Twao soils were used in the experiment, The first soil.a Haphic Pheanozems (black soil Ybased on FA(Q-
UNESCUO) classification.in which plant growth was seriously inhibitied. was collected from a field where
soybean had been cropped continuously for wo years in Dancheng, Shuangcheng County. Heilongjiang
Province . China, The second soil .a sandy soil. was sampled from Daxing County . Beijing. The sandy soil
was autoclaved at 121 C for 2h and then enough micronutrients and macronutrients were supplied to the
sandy soil.

Four treatments were prepared as follwows:for the membrane treatment.the windows were covered
by a mixed cellulose ester membrane (0. 22pm) .which only allowed first soil solutions to pass through but
not the soil bacteria or fungi in the first soil;for the nylon treatment.the windows of inner cylinder were
covered by nylon net{30um),which permitted soil microbes 10 cross beside the soil solutions; for the third
treatment. based on the nylon treatment. the suspension of SCN eggs was inoculated into inner
compartment ; in control .the windows were covered by plastic sheet (Opm)in order to separate completely
the inner compartment from the outer one. Each treatment wax replicated for 7 times.

In the experiment .four soybean seeds(Hefeng 25.a susceptible cultivar to SCN race 3)were sowed per
potsinoculated with Bradyrhizobiom juponcium 911 at the level 2 X 10* cell pot ! (provided by Department
of Microbiology.China Agricultural University)and SCN at the level 2 X 10 egg pot .

Six weeks after sowing.soybean seedlings were harvested. Total root length. nodule number. cyst
number.and the dry weight of roots.shoots and nodules were noted. P.K,Ca.Mg.Fe,Cu,Zn,and B
contents in roots.shoots and nodules were also measured with ICP (PE OPTIMA 3300). Several ceresin
slides of nodule tissue for hight microscopic observation were made. All data were analyzed with SAS(SAS.
1988). Means were compared using 1.8SD a1 P<{0. 05 probabtlity level,

The results showed thar the dry weight of soybean root and shoot and the number of nodules were
significanily depressed in the treatments other than in the conirol. The most profound inhibition was in the
inoculation tresiment. 1t was noticed that the inhibition was also significamt in the membrane treatment
even though no cysts were present. Compared with control, the nodule structores showed irregularly in
nylon net and inoculation treatment,

For most nutrients.incculation with SCN resulted in the lowest nutrient upiake and concentrations.
Nutrient distribution within soybean plants as expressed by the percentage of nutrients in the shoots
relative to the total nutrient uptake indicate that P. K, Mg distribution in inoculation. nylon net and
membrane treatments increased compared with control,and Fe,Cu.Zn.B decreased,

In this paper.it was notable that alielopathic chemicals .deleterious microorgantsms and presence of a
large numher of SCN affected soybean growth and caused SCCP, Why was the soybean growth inhibited
severely when it was continuously cropped in the same field? It is supposed that after the whole growth
stage in the first year.the rhizosphere ecology was changed so greatly that it was no longer suitable for
soybean growth. One result was that a lot of allelochemicals were produced directly or indirectly in four
ways including leaching from the shoot. shoot and root residues. roat exudates and metabolites of
microorganisms in rhizosphere, which will take effect immediately after seed was sowed in the following

year. The other result indicated that the quality and quantity of microorganisms in the rhizosphere were
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changed greatly, including the deleterious microorganism of soybean. Soybean is one of the exclusively
hosts 10 SCN.and cyst in the soil would reach a high level after a growth cycle. In the second year.after
sowing.the allelopathic substances would be absorbed by soybean. Some of the deleterious microorganisms
would also 1ake action at this time. Therefore.in the early stage the soybean development would be
retarded  caused low root biomass and a few roots. The root developed in the condition will have weaker
resistance and is easier for pathogen to infect than normal soybean in this stage. At the following stage.
more nematodes and pathogens will also infact soybean and develop. During the process.they will not only
destroy the root structure and restrain absorbing water and nutrient, but also compete for carbohydrate
with the host. In a2 word.all the factors collectively caused the SCCP.

Key words: soybean continuous cropping problem: allelopathy: soybean cyst nematode (Heterodea
glvcines); soybean(Glycine max L..)
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ALEREAGHFFR . KREEEFEEER. BEH, 9B F.EHXRAALDEREIR/RETR N
WEAH 133hm® KEh FAGEBHBE LK. A20HL2 80 FRES X TFATEABBESHHE
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1 HEfnE
L1 S8 # 25 MATHRREDEEANH I SBH.

1.2 i+ EHEIRABEIATNHTAKES U~ EHFREME™NR. ZTRESP K
URERHNRERE AT RS L 16640, THIRBRT HRMAEERL. £ N0 188Y . HH K
166.5 mg » kg 'Olsen-P 23.3mg « kg '.pH 7.84, WL RALETABH L. FHREHRIEN
0.027% BR& K 47. 9 mg * kg™'. Olsen-P 3.2 mg « kg '.pH 7. 80,

1.3 HARE NIL29FELFIE - H—ESRNIMAKEHHE FBFEKKT 20 1180 BRE U
ERE. F10ARMTHFHBRAEERRE AHAKKNEE S0 BRF L mALERIE L. 2 000~2
500 r/min .0 5 min  FEBPHR . EMA 105 EH BRI ER. 5 H 1 000 r/min .0 2~3 min. i
ErHBERR. RERXBEMER 5 10000 ml EHEARR 35,

1.4 RMEIERE EA Bradyrhizobium joponicum 911, MR ER W KEAWEREE B REML,. YMA
BHREEREAHB RAEEMBIMIERFE. 280,180 r/min H54F 72 h JEFEE 2 B 8X10°ml !,
L5 HBRER WEH QEAEANNEHEES. AEN Wargernel . WAFHERFERBRAEHEL
(EH ). HEAPVC B (90mm X 300mm ), FEH 5 4 & % 5 (4 B il 4 4 - ™ FF 0 (85mm X 190mm) . R ZE
EEAAHEABSET 2EH MO AR IT TR B A K ENP B RER.121C.2 k),
WERFO EEMARLEHE. CRAUEAMIEE MR, S0 Wargernel #0158 K 08K 4RI
KREZEHMSEMEEL RGALIANTFOLABSEARENERNTHEY . ELBHNSHFHBHET
#H .50 EREMERFTEELHEAER EEAPVCHEERHEK.

1.6 KEEIT RENERFC CRENBELESOARET 4 M, dEPRABEE. RiFsdsy
AEX WA BABRELHTMEN AL | Y 0. 22um SETL IR, 1 S0 30 A7 L it bt B 7 400 34
RS A REE T, R BF 08 2 £ v 1k By O %o A0 O 0 o) B g AL B 2 T 2 Y 30um B
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R AORAFEESHE, ANEAEERK MATEEL PO NN EDEERARLEWRESHK
VEA R B T A J2 (PR 375~ 500pm, fR R 18~ 18. 5um) L AR M BE ST HE A N ER KRR
B A b A B L LSRRI R E R RE LT LA HH F Fokit Ll ANl A o0 Yy A
ME, AL RN RS L 56 T E I 2 e EARERE A LB
R0 R A R REER R Y E KB O ER R, R GESRE 7 *.
L7 SmER HESIZ5em MEEFBREMRIR WETHEY FLAKLR-EBR B8
HIHAPVC B HEPETHT. 2d 5. BELER S EEKR. G 18 F4 HEH so00 M50 . FHEILEH
20 00 J8 . 2ml HIFE BB CEHF » % 8x10"ml 1), ’
1.8 HpE#E MRISRANAFABRFLHLE AMATEETERREN21C.2MNEAPVCEE
% 75mm B 38lmm) G EE L 1. 8kg. IBE ¥img - kg ') M N 50 .P;0, 50.K:0 50, Mn 5.Zn 5.Cu 5,
Fe 5.Mg 50, HHEM RS s R B F M 24k, 1999 F 4 H 5 BI85 7 22 B RERIT
1.9 REERAHAE BUOSEEMEA 250m BEKS WEEH L 25ml K A CH, 25ml )
K2 h 5B R C.H, &8 (moel C:H, » h "8 ), AXHEH#SHIMADZU GC-14B) #1785 .
110 BETENNTE HEEPHES 0.3000g £4.580CKA7Th A 2ml 1, LHCI AR EFE 20
ml, ICP(PE OPTIMA 3300) W& P.Ca.K.Mg.Fe.B.Cu f Zn,
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Table 1 Effects of soybean cyst nematode infection and separations of sick sofl from nermal soil on soybean growth

parameters (per 1ube)

o BTE £THE MKEH 583 3 BT E 0 L4

Root dry  Shoot dry  Cyst Total root Nodule dry  Acetylene reduction rate Nodule

Treatment weight (g> weight {(g) (Num, ) length(em) weight (g) (nme! C-Hi. h™1) number
®R 1. 0dc 2.15d 1586a 2653b 0. 14¢" 667.2b 161c
BRR 1. 18¢ 2. 89c 300b 2657b 0. 34b 2950a 302b
-4 8 1. 36b 3.47b ob 4704a 0. 40ab 3373a 30lb
CK 1. 62a 4. 12a Ob 4664a 0. 47a 2655a 446a

FRHHERAERETERFRE. FHARARARERDZ E(FHE 1) Means within a column followed by the same letter
are not significantly different at 5% level by LSD test, the same below
22 EREXANEMALETN LR MMTVEXTIENEM
Table 2 Nutrient concentration in soybean plants as affected by soybean cyst nematode infection and separations of sick

soil from normal soil (mg + g 'DW)

L1
P K Ca Mg Fe Cu In B
Treatment
3] 2. 08e 23.58b 23. 9a 5. 52a 0. 11a 0. 0l4b 0. 024e 0. 041a
- BiM 3.87a 28. 14a 20.7b 5. 70a 0. 13a 0.018a 0.036ab  0.037h
Shoot i 3.0 8 3.23b 29.13a 21. 6b 5. 75a 0. 162 0.017a 0.029be  0.042a
CK 4. 10a 28. 8%a 20. Ib 4.93b 0. 13a 0. 017a 0.041a 0. 039b
i 3. 2. 06c 12. 90b 15. Da 3. 88h 1.17ab  0.023a 0. Ofi6a 0. 020a
5] I A 4.94b 19.97a 11. 4¢ 6. 53a 0.86bc  0.023a 0. 0652 0.017b
Root A 2. 88c 15. 02b 13. 2be 1, 65b 1. 36b 0.025a 0. 054a 0.021a
CK 6.97a 22.50a 12.0b 7-42a 0. 75a 0.021a 0. 057a 0.017b
3 4. 86¢c 8. 24c 12. 4ab 4. 23b 0. 58a 0. 019 0. 034b 0.013ab
Y ] 4] 6. 36b 17.81a 10. 7b 5. 45a 0.73a 0.018a 0. 035b 0.012b
Nodule fie 3 5. 44¢ 12. 0%b 11.7b 5. 20a 0. 74a 0. 018a 0. 035b 0.013a
CK 7. 74a 18. 26a 14. 3a 5. 43a 0. 70a 0. 018a 0. 060a 0. 013ab

23 BN ERRNIMABHAEARESBRHBRHOENR
Table 3 Total nutrient uptake by soybean plant as affected by soybean cyst nematode infection and separations of sick

soil from normal seil {mg » g 'DW)

i ] .
P K Ca Mg Fe Cu Zn B
Treatment
® 7. 34c 6. 5c 68. 5¢ 16. 5¢ 1.58b 0. 056c 0. 124c 0. 108c
[ =] 18. 85b 108. 9b 76. 9¢ 25. 8b 1. 64b 0. 084h 0. 189b 0.131b
o i 17.61b 128. 6b 97.2b 28.56b 2. 66a 0.102a 0.188b 0.178a
CK 31.73a 163. 2a 108. 6a 34. 96a 2. 03ab 0.113a 0. 288a 0. 186a
R4 BH.EBRRMIVLAXT HRASELEMREASIELAMHER0Y
Table 4 Nutrient distribution soybean as expressed by the percentage of nutrients in shoots
0¥}
P K Ca Mg Fe Cu Zn B
Treatment
i §2.4a 78. 34 74.7b 72.2a 17.5b 31.8b 43.7h 79. 6b
BER 59. 7ab 74. 4ab 77.3a 63. 6be 23. 3ab 60. Oa 54. 3a 80. 7ab
4§ 63. 1a 78. 6a 77.0a 70. lab 20. Bab 58.7a 53. %a 81. 3ab
CK 53. 7b 72.7b 76. 4a 58. ¢ 25. 7a £2. 5a 58. Sa 82. 6a

HAIAREA (Y =100X 4 55 B K/ 4 B & Nutrient distribution soybean as expressed by the

percentage of nutrients in shoots
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Fig. 2 Light micrographs of nodule of soybean in different treatments
UC @YK uninfected cell; IC BRI infected cell; CX ¢ /2 cortex; ST JEBHAL starch granules; PC
B EBENAMEE cells periphery around the infected cells;— # MR necrosis tissue
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0. 22pm), W] BA X EWEEL TN KM WS PR ERRABER. KRTERSBYNE
WHEETHTE AREMOEST REEAMERTEIRERAREARG. BERERIT MES
REEEFHRMAEE R SANMHBEERN A, B3 CAELET HENER. B itHE CK
RGP e BB ARG E L ERFALENEA LRI AR TERER MG CK ML
ErARTEYLENTSL. AERFETUHEREETE AR FETRPELERSQLE. &
BRI B TR R EEER RERLE. AT R 44.8%.31. 1% 24 1% E
WTE TR, ZEFE L ARK S 33.1%.29.4% 37 5% B T ETREES . ZEFM S LAKE A
22.1%,18.2%.,60.6%. M3 B TETEMLFEE AR THETEWRGLEER  £RA &K
EYHATERBAFARBENDH. AR L hg SRR HEER EMAOEM L T&
HHERRRR. EEENLABNIIER A ESEMN I, TEEE FRGE 1A D RHTRE
FTEMHEEHEAAMEATEYEARERZIEE, mETL. KEEERARSERIRAERE
A EE

Axh EEFHTIHEENHNATARER. R almoculation O Nylomnet S Mombranc
AUMEEALKED. BFHSIELKEREAS
G, MEEL(SAXHRABLA TR %
BOKEGHFAER MR EERSNEE. & RIE
TiBEERPEE". RRELANSH SR LA
MHuEEEERRE. . ‘

GUEB A JE WA TR T L IRA F L # Rool # |# Shoot KM Nodulc
YESHENER BTE R ELETEANSRREAE
N LR T SR EEE TR R K DAERIER [ RFLR LR

_ M3 FFEGEERAORGEE. %R BT ERK

H—EFEME . EEEET XINRBHREMN S
B ERFECHARAEA LML EERD Fig. 3 The effect of different trcatmonts on the dry
£ - B 0 W T Fusarium) EH L EREK BN weight decline of nodule, root and shoot
#HB (Penicillium) . KB (Trichoderma) 5%, BiLR
ECUEE RARTES LN IRAR SRR EXTHER. EXEESHEREFE ",

ETRERAMTREYRAEEANEME AR BNEA S Y AERFE"E LXRAB FRERAR
BAEKBEZAMM AR TE A LR TE REFEARERE ¥ TR Kennedy ¥R HEMH A TR
REAS SEB M BEFENGEGERYARANEN S RERIMHEN AEAMEHTHRS &
XHER . aPMREENREENPERSSEEESL FRERE™E RN EH L NHAKRENRE
S ERIE 2>, XOTRESHR AR A R E A

FiESMBAR TR B MR ERNE EEERETRARY, SHERAL. B
I ETEARANTENS Ca B CA K MP SR TR0 P FRMWE™ERWHE M E X
B, MTEAGERRE HERCTEMNS B EA XS54 0N Ca.P SRBERAR". BELE
MK EFTFREMAE AR, b FHRARBAATEMTENPAKBSTENIEYRTREE
Rgs XHERESTRE TRELASFHALYRANFEREALELCRAMAHTE-SHR,

MEARTEN KO EERSZHETE. LA ENED KRB R LM ARG GER
HER KEERERFNGHERKBCAZATHH . SRGMBRERT AR ERA DTSR, ik
B L SRR EME YRR R P RTRRFRENE HENEWETR . FIRRKEREF
M CEREREE MERLS. ETIMBETHCES R A - RERASBYPR L HERT 2
ERERNM I REMED AL REENEKMYR.GHFTFE—FTR,
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