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Abstract [Objective] Sinp E and reliable dentifcation crieria used in screenig phosphorus efftiency of soybean at seedling stage was dis-
cussed [Method] Using the highand lov phosphorus soil pot expeninent the soybean seed ling stage s 5 criteria ncluding RPH RAW, RRN,

RAPC and RRPCwere siudied [Result] Lov phosphorus stress had the bw e fiects on e htive pantheght the coefficentof varatbnwas only
9 0P, has notachieved he remarkabk levelw ith its its crieriis relevance Low phosphorus stress had the higher effects on rehtiely above-
ground dry weight and relative dry we ght of root relatively above-ground phosphorus concentration and rehtive ootphosphorus concentatbn

is coe fficient of variation was also bg in tum is 26 676, 22 686, 24 0T and 15 87%, The comelation coefficent among the indicabors had
signifcanty orextreme ¥ sgnificantly positve correlaton [Conclisbn] Relative i above-ground dryw eight and rehtive dryweght of root rela-
tively above-ground phosphorus concentration can be used as an iin portant indicator of canprehensive evaluation o f screening phosphorus eff-

cency of soybean at seedlhg stage whik the relative root phosphorus concentration can be used as secondary sceeening irdex

Key words Soybean Low phosphorus stess Screening criteria

Phosphotus is one of he essentialmacroelements in he
plant grow th and devebpment whth participatesdirecty h a
variety of mportant physblogical and biochemical processes
ofplants and phys an extramely mportant ole h pranoting
plant grow hh and devebpm entandm etabolism, aswell as ir-
creasing producton However most of he world agrcultural
sois are severely P-defcent”. h ching the area of soil
phosphorus defecency is 6 121 x 10" hm®, in which here are
18 Provinces and aubnanous regons of whth the percent
age of P-deftent area in he Provinces total land area is
more than 75%, and seriously hamperng the bcal crop pre-
ductbn and productquality Relying on fertilizr inputscan at
bviat his contradction butbecause of he special chemical
behavbrofphosphate itis susceptble © be fixed by the Fe-
Aloxides in acid soils and calcium cabonat canpounds in
catareous soils resulting in he phosphak utilzation is not
high which leading to phogphorus deficiency problem remains
serious According b statistcs since the application of phos-
phate frtilzer has been carried out in Ching he amount of
chemical phosphat fertilzer that has been applied was accu-
mulaed up © 34 x 10 t hwhichmorethan1 5 x 10" tis
fixed by soil h partcular the fixation capacity of acidt red
soiland latritc il in south of Chha b phosphorus is stron-
ger, resulting in phosphate utilzation is very bw, which ony
accounts for 10% — 20%. The phosphak utiizaton of soy-
bean is bwer due to the bng-em applcaton of phosgphate
ertilizer he maprily of =il has becane he poential phos-
phorus pooks™™ . In view of he phosphomus defciency ofma
prity of soil is " Genetics phosphorus defcency"'® ®, there-
forg to sudy he genetic and physblogtal and biochemical
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m echaniams of effic ent absomption transport and use of soil
phosphorus nutrent of crops as wellas b use the genetic
resources of phosphorus effciency phnts and mprove the
phosphorus efficiency crop breeding tchngues has become
an mportantkey bpt in the whok worh'".

Fran the econam ic and envionmentl consideratbns a
bw-input and high-efficentway is needed b sole the prob-
bem of he P-deficient in crop producton A hrge number of
studies have shav n thatplants of diflerent species and difer
entvarieties ( lines) have different capacites on he use of
soilphosphorus there are hrge differences on genotypes in
which he diference between diferent secies are obv+
ous® ?, which provides genett resources fr the screening
and breeding Phosphorus efficient genoypes as wel as b
provide a goodway for he mproving of the utiliaton of phos-
phorus h the same ting the estblishmentof sinple and re-
labk screening evaluaton index is extramely inportant or
screening and breeding Therebre n his study eight difer
ent soybean genotypes that sebcted fran field experments
were used as makrals and lov phosphorus soil pot expe i
mentwas conduckd b evaluat he efficiency of its phosphor
us, aswellas to provide theorettal basis r he screening of
phosphorus effic ent soybean genotpes

Materials and Methods
Experimentalmateriaks

Eight soybean genotypes [G lyc ne max (L ) Merril] in
Heilongjiang Province were taken as expermentl matrials
he nameswere D03 D05 D17 D18 D31, D34 D37 and
D38 ( purchased fran Heibngjiang Academy of Agricultural
Scénces and the hstitute of Soybean of Norheast Agriculur
al University).
Experinental soil

The expermentl soil was he faming soil purchased
fran Zhaodong City Heibngjang Provincg itwas calcareous
chemozem, ®xture loam and the colecton deph of soiwas
20 an, and he previous crop was maize , Soil physical and
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chemicalpropertes were shown in Tabe 1, inwhich he ava#
abk P conentwas bw, whik the bl P conent was high

Tablk 1 Physicaland chemical properties of tested soil
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The gecifc deeminaton was accordhg b "Soil Agricultural
Chemiistry Analysis M ethod""®'.

Slovly available A kalihydrolyzable Avaihbk Rapidly available Organt
TotalNIl g/k ToulPl g/k H
© 979 orirl gfkg Kl g/kg NIl mg/kg PI mg/kg KI mg/kg  mattedl g/kg "
1 60 0 43 748 133 9 59 112 320 8 2
Experinentalmaterials dry weight (RAW), relative root dry weight (RRW), relatve

Experinental design Pot experinent was carred out in-
doors of Horticuture Statbn Northeast Agriculural Unive rsity
onMay 6 2008 Two treaient was set ug respectiely
w hich were as folows ' high phosphorus (CK), 3 03 g of
supemphosphatg Q 075 gof urea [OCO (NH;).], Q 075 g of
potassum sulfate (K,SO,) per kg soil were applied @ low
phosphorus nitogen potassium and non-P fertilizzr were
appled each treatnentwas repeatd for ur tines The ai-
dried =oil that through the 3 mm seve was fully m ked w ith P
ertilizer and other nutrient ebments and then they were put
hb aplastic bucket(20 L), 10 seedsofsoybean thatwas ull
andwih he same size was sow hg in each bucket Emer
gence for 10 days her after thinning three plants hatof he
same sizz were left After 3 d of cukivation five ndcators
such as phntheight p Antbiomass of the aboveground part
biom ass of oot aboveground P conntand P contentof root
was deteced .

There were naural diferences on bblogical traits be-
ween diferent Soybeans in order b elininak this differ
encg rehtive indicabrswere used © measure the capacity of
tobrance b bw phosphorus stress beween different gene-
types Rehtive hdex = (measured value of bw P treatnent/
measured value of hghP treatment (CK)) x 100%, incl+
ding he rehtive phnt height (RPH), relative aboveground

aboveground P concentratbn (RAPC), rehtie root P con-
centraton (RRPC).

Data processing Excel 2003 and DPS 8 0 dat analysis
softvare were used for he shtistical analysis of he exper

mentl data

Results and Analysis
Effects of low phosphorus stress on the grow th at differ
ent soybean genotype seed ling stages

Table 2 showed hat the efect of low phosphorus stress
on he soybean phnt height was bss the average relatve
heightwas 98 26%, the difference between different genc-
ypes dd not reach signifcant level and the varatbn coe ffi
cient acheved its m nimnum, which was 9 07%. Soybeans
he sensitiviy of he relative value of other indtabrs b the
bw-pho sphorus stress sensitivity both showed differences on
genotypes and their difierences had reached a signifcant lev
e] he varatbn coefficient was larger and the order was
RRW (26 6P ) > RAW (22 68% ) > RAPC (24 0f6 ) >
RRPC(15 8% ). Indicating therewere signifcant inhibition of
bw phosphormus stress on the RAW, RRN, RAPC and RRPC
of diferent soybean genoypes in whth he efiects on the
RAW was he greatest

Tablk2 Efiecs of bw phosphorus stess on the grow h at diferent soybean genotype seedling stages %
Genotype RPH RAW RRW RAPC RRPC
D3 99 86 a 89 80 ab 79 38d 80. 47 ab 7119e
D5 9374 a 88 11 b 83 87 57.50d 7785 ¢
D17 9337 a 56 32 f 62 55 f 90 39 a 78 96 bc
D18 105 67 a 79. 52 ¢ 84 02 ¢ 68. 76 bc 6278 e
D31 9250 a 57.04 e 69 04 e 66 75 ¢ 7368 o
D34 9032 a 88 61b 112 80 a 86 40 a 88 99 a
D37 9187 a 94 18 a 93 5b 81. 89 ab 8109 b
D38 10249 a 7049 cd 71 09 de 7335b 7661 c
Mean 96 23 78 01 82 03 75 69 76 39
Standard va e (SD ) 873 17. 69 21 88 18 17 1212
Coefficent of variatonCV 907 22 68 26 67 24, 01 15 87

RPH Rehtive panthe ght RAW: Relative aboveground drywe ght RRN: Re htive rootdryweight RAPC: Relative aboveground P concentra-
tonn RRPC: Relative rootP concentatbn The avemges o loved by the same leter h he same colunnwere not sgnificant atP < 0 05 level

Corre ative coefficients anong screening criteria soybean
genotypes exposed to low phosphotus stress at the seed-
ling stage Correlaton amalysis results showed hat (Table
3) in hese five suvey indtators excepted br that the core-
htion betveen phnt heght and the other Pur ndicators had
notachieve the signifcant eve] the other indicabrs all ap-
peared signifcantor extremely sgnificant positive correlation

h which RRPC was significantly positively correbted with
RAWN and RAPC, but he correlation coeffcents were smat
bBr which were Q 461 and Q 634 Therebre RRN, RAW
and RAPC coull be Bken as mportant screening ndcators
for he comprehensive evaluaton of phosphorus efficiency of
soybean seedlng while the RRPC could be used as a sup-
plementary screening indicabr

Tablke 3 Conelatie ooe fficients anong screenihg criteria soybean
genotypes exposed b lov phosphorus stess at the seed-

ling stage
RPH RAW RRW RAPC RRPC
RPH 1
RAW 0 407 1
RRW 0 419 0958 * 1
RAPC - 0 361 0854 * 080 * 1
RRPC - 0 260 0 634 0 706 * 0 461 1

* representsP < 0 05 * * representsP < 0 01

Conclusibn and D iscussion

Screenng and breeding of he phosphorus efficient soy-
bean genotypes have an mportant significance and econam ic
value b find he pogntial of soil phogohorus nutrition. main-
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tah good circubton of the soil enviorment and pranote he
sustiinabk grain pranotbn of soybean A sinplg scentifc
and effective screening evaluaton hdcator is an mportant
prerequisite or accurate and rapid screening of efft entphos-
phorus soybean genoypes h he lov-phosphorus stress en-
vionment the differences on genotype ofcrops are reflecied
n the bblogical trais Atpresent the assessnentof the tot
erance capaciy of plant b lov phosphomus alo appears a
ek of unified indexes™™. Courley thought hat the bianass
shoutl be used as a standard on the definiton of pant nutr+
tion genotype ™. Iltwas suggested that the relative tiller num-
bef* ", RAW or relatve balbimnass® ™, rehtve laf
age'™ and so on could be used as ideal indexes for screening
of he efficent phosphorus genotypes in rice seedling stage
As for the evaluaton of the blerance capacity of soybean
seedlhgs b lov phosphorus TONG Xue-jun etal hought that
the biam ass of aboveground parts ™, the absompton of phos-
photus of the plant crown™® coutl be used as mportant inde-
xes or he evaluation of he charackeristcs of phophorus eff
ciency of soybean genotypes

The eflect of he externalenvibomenton plant stress will
be clearly appeared on the corregponding botancal taits
through adaptive responsg and here are natural diferences
on he botanical traits anong different genotypes of soy-
bear!'®. Thereforg it was believed in his study hat he
adopton of relative indexes as measurement indexes of he
charackeristts of phosphorus effc ency was the most sinple
and intuitive way The variaton of the relative indicabrs a
mong he genotpes is an inporantbass tomeasure whe her
twas suitable to be a screening index the more the varia-
tion the more sensitiviy of this ndex b reflect the difference
on phosphous effic ency anong genotypes ™.  Itwas concl+
ded h this sudy hat he effect of lowphosphorus stress on
RPHwas gnaller and the variation coeffcentwas smaller
and the correbtbn of it and other indexes had not acheved
the sgnificant leve] which was not suibk © be used as a
screening index of phospho rus efficiency of soybean seedling
the effect of bw-phosphorus stress on RAW, RRW and RAPC
was greakr and the variaton coeffcient was greaker and
these indicabors all appeared signifcant or extreanel signift
cant positive correlaton therebrg RRN, RAW and RAPC
could be aken as mporlant screening indcators or the can-
prehensive evaluaton of phosphorus efficiency of soybean
seedlhg whike the RRPC could be used as a suppementary
screening indicabr
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