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Abstract [Objective] Smi p le and reliable identification c riteria used in screening phosphorus eff ic iency of soybean at seedling s tage was dis-

cussed. [M ethod] Us ing the high and low phosphorus soil pot expermi en,t the soybean seed ling stageps 5 criteria inc luding RPH, RAW, RRW,

RAPC and RRPCwere s tudied. [R esult] Low phosphorus stress had the low e ffec ts on re lat ive plantheigh,t the coeffic ientof variat ionwas only

9. 07%, has not achieved the remarkable levelw ith its its criteriaps relevance; Low phosphorus stress had the higher effects on relat ively above-
ground dry weight and relative dry we ight of roo,t relatively above-ground phosphorus concentration and relat ive rootphosphorus concentrat ion,

its coe fficient of variation was also b ig, in turn is 26. 67%, 22. 68%, 24. 01% and 15. 87%, The correlation coeffic ient among the indicators had

s ignificant ly or extreme ly s ignificantly pos it ive correlation. [ Conclusion] Relative ly above-ground dryweight and relat ive dryweight of roo,t rela-

tively above-ground phosphorus concentration can be used as an mi portant indicator of comprehens ive evaluation o f screening phosphorus eff-i

c iency of soybean at seedling stage, while the relative root phosphorus concentration can be used as secondary sc reening index.
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  Phosphorus is one of the essentia lmacroe lements in the

p lant grow th and developmen,t which participates d irectly in a
varie ty of mi portant physio logica l and biochem ica l processes

of p lants and plays an extremely mi portant ro le in promoting

p lant grow th and development andmetabolism, aswell as in-

creasing production. However, most o f the world agr icultura l

so ils are severe ly P-defic ient
[1]
. In china, the area of so il

phosphorus defic iency is 6. 121 @ 107 hm2
, in which there are

18 Provinces and autonomous reg ions of which the percen-t

age of P-defic ient area in the Provinceps tota l land area is

more than 75%, and seriously hamper ing the loca l crop pro-

duction and product qua lity. Relying on fertilizer inputs can a-l

levia te th is contrad ic tion, but because of the special chem ica l

behav ior o f phosphate, it is susceptib le to be fixed by the Fe-
Al oxides in acid so ils and ca lcium carbonate compounds in

ca lcareous so ils, resu lting in the phosphate utiliza tion is not

high, which lead ing to phosphorus deficiency prob lem remains

serious. Accord ing to statistics, since the applica tion of phos-

phate fertilizer has been carried out in China, the amount of

chem ica l phosphate fertilizer that has been applied was accu-
mulated up to 3. 4 @ 107 ,t in whichmore than 1. 5 @ 107 t is

fixed by so i,l in particular, the fixa tion capac ity of acid ic red

so il and la ter itic so il in south of China to phosphorus is stron-

ger, resu lting in phosphate utiliza tion is very low, which only

accounts for 10% - 20%. The phosphate utiliza tion of soy-

bean is lower, due to the long-term applica tion of phosphate
fertilizer, the majority o f so il has become the potentia l phos-

phorus pools
[2]
. In view of the phosphorus defic iency ofma-

jority o f so il is " Genetics phosphorus defic iency"
[ 3- 5]

, there-

fore, to study the genetic and physio log ica l and biochem ica l

mechanisms of effic ient absorption, transport and use of so il

phosphorus nutr ients of crops, as well as to use the genetic

resources of phosphorus efficiency p lants and mi prove the

phosphorus efficiency crop breeding techn iques has become

an mi portant key top ic in the whole wor ld
[1]
.

From the econom ic and env ironmenta l considerations, a

low-input and high-efficient way is needed to so lve the prob-

lem of the P-deficient in crop production. A large number of

stud ies have shown that p lants of d ifferent species and differ-

ent varie ties ( lines) have different capacities on the use of

so ilphosphorus, there are large d ifferences on genotypes, in

which the d ifference between different species are obv-i

ous
[6- 7]

, wh ich provides genetic resources for the screen ing

and breeding Phosphorus efficient genotypes, as well as to

provide a goodway for the mi prov ing of the utiliza tion of phos-

phorus. In the same tmi e, the estab lishment of smi p le and re-

liab le screen ing eva luation index is ex tremely mi por tant for

screening and breeding. Therefore, in th is study, e ight differ-

ent soybean genotypes that se lected from fie ld expermi ents

were used as mater ia ls, and low phosphorus so il pot exper-i

mentwas conducted to eva luate the efficiency of its phosphor-

us, aswellas to provide theoretical basis for the screen ing of

phosphorus effic ient soybean genotypes.

Materials and Methods
Experimentalmateria ls

Eight soybean genotypes [G lyc ine m ax ( L. ) Merr ill] in

Heilong jiang Prov ince were taken as expermi enta l materia ls,

the nameswere D03, D05, D17, D18, D31, D34, D37 and

D38 ( purchased from Heilong jiang Academy of Agr icu ltura l

Sc iences and the Institute of Soybean ofNor theast Agricu ltur-

a l University).

Experimental so il

The expermi enta l soil was the farm ing soil purchased

from Zhaodong C ity, Heilong jiang Prov ince, itwas ca lcareous

chernozem, texture loam, and the co llection depth of so ilwas

20 cm, and the previous crop wasmaize. Soil physica l and
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chem ica lpropertieswere shown in Table 1, in which the ava i-l

ab le P content was low, while the to ta l P content was high.

The specific determ ination was accord ing to "Soil Agr icu ltura l

Chem istry AnalysisMethod"
[ 8]
.

Tab le 1 Physical and chem ical properties o f tes ted soil

TotalNMg /kg Total PM g/kg
Slow ly available

KMg /kg

A lkalihydrolyzable

NMmg /kg
Available

PMmg/kg

Rapidly available

KMmg /kg
Organ ic

matterMg /kg
pH

1. 60 0. 43 748 133. 9 5. 9 112 32. 0 8. 2

Experimentalmateria ls
Experimental design  Pot expermi ent was carr ied out in-

doors of Horticu lture Station, Northeast Agricu ltural University
on May 6, 2008. Two treatments was set up, respective ly,

w hich were as fo llows: ¹ high phosphorus ( CK), 3. 03 g of

superphosphate, 0. 075 g of urea [ CO ( NH2 ) 2 ], 0. 075 g of
potass ium sulfate (K2SO4 ) per kg soil were applied. º low

phosphorus, n itrogen, potassium and non-P fertilizer were
applied, each treatmentwas repeated for four tmi es. The air-

dried so il that through the 3 mm sieve was fullym ixed w ith P
fertilizer and other nutrient e lements, and then they were put

in to a p lastic bucket ( 20 L), 10 seeds of soybean thatwas fu ll
and w ith the same size was sow ing in each bucke.t Emer-

gence for 10 days la ter, a fter thinning, three p lants that o f the
same size were lef.t A fter 32 d of cu ltiva tion, five ind icators

such as p lant he igh,t p lant b iomass of the aboveground par ts,

b iomass of roo,t aboveground P content and P content o f root
was detected

[ 8]
.

There were natura l d ifferences on bio log ica l tra its be-
tween different Soybeans, in order to e lmi inate this d iffer-

ence, re la tive ind icatorswere used to measure the capacity of
to lerance to low phosphorus stress between different geno-

types. Rela tive index = (measured va lue of low P treatment/
measured va lue of h igh-P treatment ( CK) ) @ 100%, inclu-

d ing the re la tive p lant he ight ( RPH ), re la tive aboveground

dry weight ( RAW ), re lative root dry weight ( RRW ), re la tive
aboveground P concentra tion ( RAPC ), re la tive root P con-

centra tion (RRPC).
Data processing  Excel 2003 and DPS 8. 0 data analysis

software were used for the sta tistica l ana lysis of the exper-i

menta l data.

Results and Analysis
Effects of low phosphorus stress on the grow th at differ-

ent soybean genotype seed ling stages
Table 2 showed that the effect o f low phosphorus stress

on the soybean plant he ight was less, the average re la tive

he ight was 96. 26%, the d ifference between different geno-
types d id not reach significant leve,l and the var ia tion coeff-i

cient ach ieved its m inmi um, which was 9. 07%. Soybeans,
the sens itivity o f the rela tive va lue of other ind icators to the

low-phosphorus stress sensitivity both showed differences on
genotypes, and their differences had reached a significant lev-

e,l the varia tion coefficient was larger, and the order was:
RRW (26. 67% ) > RAW (22. 68% ) > RAPC ( 24. 01% ) >

RRPC(15. 87% ). Ind icating therewere significant inhib ition of
low phosphorus stress on the RAW, RRW, RAPC and RRPC

of d iffe rent soybean genotypes, in which the effects on the

RAW was the greates.t

Tab le 2 E ffec ts of low phosphorus s tress on the grow th at different soybean genotype seedling stages %

Genotype RPH RAW RRW RAPC RRPC

D3 99. 86 a 89. 80 ab 79. 38 d 80. 47 ab 71. 19 e

D5 93. 74 a 88. 11 b 83. 87 cd 57. 50 d 77. 85 c

D17 93. 37 a 56. 32 f 62. 55 f 90. 39 a 78. 96 bc

D18 105. 67 a 79. 52 c 84. 02 c 68. 76 bc 62. 78 e

D31 92. 50 a 57. 04 e 69. 04 e 66. 75 c 73. 68 cd

D34 90. 32 a 88. 61 b 112. 80 a 86. 40 a 88. 99 a

D37 91. 87 a 94. 18 a 93. 5 b 81. 89 ab 81. 09 b

D38 102. 49 a 70. 49 cd 71. 09 de 73. 35 b 76. 61 c

Mean 96. 23 78. 01 82. 03 75. 69 76. 39

Standard va lue (S D ) 8. 73 17. 69 21. 88 18. 17 12. 12

Coeffic ient of variationC V 9. 07 22. 68 26. 67 24. 01 15. 87

RPH: Relat ive planthe igh;t RAW: Relative aboveground drywe igh;t RRW: Re lat ive root dryweigh;t RAPC: Relative aboveground P concentra-

tion; RRPC: Relative roo tP concentrat ion. The averages fo llowed by the same letter in the same columnwere not s ignificant atP < 0. 05 leve.l

Correlat ive coeffic ients among screening criteria soybean

genotypes exposed to low phosphorus stress at the seed-
ling stage  Corre lation analysis resu lts showed that ( Tab le
3) in these five survey ind icators, excepted for that the corre-

la tion between plant he ight and the other four ind icators had
not achieve the significant leve,l the other ind icators a ll ap-
peared significant or extremely sign ificant positive corre la tion.
In w hich RRPC was sign ificantly pos itive ly corre la ted w ith

RAW and RAPC, but the corre lation coeffic ients were sma-l
ler, which were 0. 461 and 0. 634. Therefore, RRW, RAW
and RAPC could be taken as mi portant screening ind icators
for the comprehensive eva luation of phosphorus efficiency of

soybean seedling, while the RRPC could be used as a sup-
plementary screen ing ind icator.

Tab le 3 Correlative coe fficients among screening criteria soybean

genotypes exposed to low phosphorus s tress at the seed-

ling stage

RPH RAW RRW RAPC RRPC

RPH 1

RAW 0. 407 1

RRW 0. 419 0. 958* * 1

RAPC - 0. 361 0. 854* * 0. 850* * 1

RRPC - 0. 260 0. 634* 0. 706* * 0. 461* 1

* representsP < 0. 05, * * representsP < 0. 01.

Conclusion and D iscussion
Screening and breeding of the phosphorus efficient soy-

bean genotypes have an mi portant significance and econom ic
va lue to find the potentia l o f so il phosphorus nutrition, main-
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ta in good circu la tion of the soil environment and promote the
susta inab le gra in promotion of soybean. A smi p le, sc ientific

and effective screening eva luation ind icator is an mi portant

prerequ isite for accurate and rap id screen ing of e ffic ient phos-
phorus soybean genotypes. In the low-phosphorus stress en-

v ironmen,t the d ifferences on genotype of crops are reflected
in the b io log ica l tra its. A t presen,t the assessment of the to-l

erance capac ity of p lant to low phosphorus a lso appears a
lack of un ified indexes

[9]
. Courley thought that the b iomass

should be used as a standard on the definition of p lant nutr-i
tion genotype[ 10] . It was suggested that the re la tive tiller num-

ber
[ 4, 11]

, RAW or re lative to ta l b iomass
[ 12- 13]

, re la tive leaf

age
[14]

and so on could be used as idea l indexes for screen ing
of the efficient phosphorus genotypes in rice seedling stage.

As for the eva luation of the to lerance capacity of soybean
seedlings to low phosphorus, TONG Xue-jun et a l thought that

the b iomass of aboveground parts
[ 15]
, the absorption of phos-

phorus of the p lant crown
[16]

could be used as mi portant inde-

xes for the eva luation of the characteristics of phosphorus eff-i
c iency of soybean genotypes.

The effect o f the externa lenvironment on plant stressw ill
be clearly appeared on the corresponding botan ica l tra its

through adaptive response, and there are natura l d iffe rences

on the botanica l tra its among different genotypes of soy-
bean

[ 16]
. Therefore, it was believed in th is study that the

adoption of re lative indexes as measurement indexes of the
characteristics of phosphorus effic iency was the most smi p le

and intu itive way. The varia tion of the re lative ind icators a-
mong the genotypes is an mi portant bas is tomeasure whether

it was su itab le to be a screen ing index, the more the varia-
tion, the more sensitivity o f this index to re flect the d ifference

on phosphorus effic iency among genotypes
[ 12]
. Itwas conclu-

ded in th is study that the effect o f low-phosphorus stress on

RPHwas smaller, and the variation coeffic ient was smaller,

and the corre la tion of it and other indexes had not ach ieved
the sign ificant leve,l which was not suitab le to be used as a

screen ing index of phosphorus efficiency of soybean seedling;
the effect of low-phosphorus stress on RAW, RRW and RAPC

was greater, and the varia tion coefficient was greater, and
these ind icators a ll appeared significant or ex tremely signif-i

cant pos itive corre la tion, therefore, RRW, RAW and RAPC
could be taken as mi portant screen ing ind icators for the com-

prehensive eva luation of phosphorus efficiency of soybean
seedling, while the RRPC could be used as a supplementary

screen ing indicator.
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[目的 ]利用腺病毒载体系统构建羊传染性脓疱病毒B 2L基因重组腺病毒载体。
[方法 ]以从羊传染性脓疱病毒株 JLSY 04中提取的基因组 DNA为模板, PCR扩增获得 B 2L目的基因片段;然后将 B2L目的基因克隆至 PD-

NR-CMV载体,筛选阳性克隆获得质粒 CTC572-6;再将质粒 CTC572-6与腺病毒载体进行同源重组,筛选阳性克隆,并进行菌液 PCR、酶切、测
序等鉴定。

[结果 ]经酶切和基因测序等鉴定,成功构建了携带羊传染性脓疱病毒 B 2L基因的重组腺病毒载体 CTC572A de-30。
[结论 ]为羊传染性脓疱基因工程疫苗的进一步研究奠定基础。
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大豆苗期耐低磷筛选指标的研究 (摘要 )
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[目的 ]探讨简单、可靠的用于大豆苗期磷效率筛选的鉴定指标。

[方法 ]采用高、低磷土壤盆栽试验: ¹ 高磷 ( CK )。施过磷酸钙 3. 03 g /kg土,尿素 [ CO ( NH2 )2 ] 0. 075 g /kg土,硫酸钾 ( K2 SO4 ) 0. 075 g /kg
土; º低磷。只施氮、钾肥,不施磷肥。对大豆苗期的相对株高 ( RPH )、相对地上部干重 ( RAW )、相对根系干重 ( RRW )、相对地上部磷浓度

( RAPC)和相对根部磷浓度 ( RRPC) 5个指标进行测定。
[结果 ] 相对株高受低磷胁迫影响较小,变异系数仅为 9. 07% ,与其他指标的相关性未达到显著水平;相对地上部干重、相对根部干重、相对

地上部磷浓度和相对根部磷浓度受低磷胁迫的影响较大, 其变异系数也较大,其顺序为: 相对根部干重 ( 26. 67% ) >相对地上部干重
( 22. 68% ) >相对地上部磷浓度 ( 24. 015) >相对根部磷浓度 ( 15. 87% ),各指标间的相关系数呈显著或极显著正相关。

[结论 ]相对地上部干重、相对根部干重和相对地上部磷浓度可以作为综合评价大豆苗期磷效率筛选的重要指标,相对根部磷浓度可以作为
辅助筛选指标。
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