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Abstra ct  

Soybean is a legume sensit ive to drought  condit ions result ing in decreased y ield and seed 

quality .  Drought  st ress on plants also inhibits nit rogen upt ake.  The object ive of the research 

was to  determ ine product ion and physiological characters of soybean variet ies under drought  

st ress t hrough nut r ient  N management . This research used a random ized block design with 3 

factors and 3 replicat ions. The f irst  factor was soybean variet ies (Anjasmoro, Wilis and 

Sinabung) . The second factor was drought  st ress condit ions consisted of 50% , 60%  , 70%  and 

80%    of f ield capacity  (FC) . The third factor was the applicat ion of N consisted of (1) . Wit hout  

applicat ion of N fert ilizer ( cont rol) ;   (2) . N fert il izer dose of  recommendat ion (50 kg Urea/ ha) ;  

(3) . I noculat ion of Bradyrhizobium  sp. ;  (4) . Organic N sources (st raw compost  10 t ons/ ha)  ;  

(5) . Organic N sources ( farmyard manure 10 tons/ ha) . The results suggest  that  Anjasmoro 

variety  improved dry weight  of seed per plant  compared with Willis and Sinabung.   Increased 

drought  st ress (  80- 50 %  of FC)  resulted in a decrease in  dry weight  of seed per plant . Sources  

of N in the form  of urea or Bradyrhizobium  sp. increased the dry weight  of seeds per plant  

compared with t reat ment  N sources st raw and manure compost . The interact ion between 

Bradyrhizobium  sp.  or Urea and Anjasmoro variety improved  dry  weight  of seeds per plant .  

Ke yw ords :  drought  st ress, nit rogen, product ion, physiological character, soybean  

 
I ntroduct ion 

Soybean  (Glycine m ax (L.)  is the m ost  im portant   legum  crop of the world and a m ajor source of 

protein, energy, polyunsaturated fat ,  fibres both for humans and livestock.          I n addit ion to being 

a source of m acronut r ients and m inerals, soybeans contain secondary metabolites such as isoflavones 

(Sakai and Kogiso, 2008) , saponins, phyt ic acid, oligosaccharides, goit rogens (Liener 1994)  and 

phytoest rogens (Ososki and Kennelly, 2003) . Yield in soybean is highly affected by drought  st ress, 

part icularly when the st ress occurring during flowering and early pod expansion (Liu, 2004 ;  Liu et  al. , 

2004 ;  Purcell et  al,  2004), shortens plant , suppressing the development  of soybean root  and shoot  

(Ham im  et  al. ,  1996;  Soepandi et  al. ,  1997) , accelerate flowering and harvest  age (Jusuf  et  al. , 

(1993) , reducing the number of filled pods (Soepandi et  al. ,  (1997) , lowering the num ber of 

seeds/ plant  and seed weight  per unit  (de Souza et  al. ,  1997)  and lower seed yield of soybean (Jusuf 

et  al. ,  1993;  Soepandi et  al. ,  1997).  Drought  st ress on plants also inhibits nit rogen, phosphorus and 

potassium  uptake  in plants.  Generally, drought  reduces both nut r ient uptake by the roots and 

t ransport  from  the roots to the shoots, because of rest r icted t ranspirat ion rates and impaired act ive 

t ransport  and membrane permeabilit y (Tanguilig et  al. ,  1987 ;  Hu and Schm idhalter,  2005) .  

Nit rogen is the m ineral elem ent  that  plants require in the largest  am ounts and a const ituent  of m any 

plant cell com ponents, including am ino and nucleic acids (Hu and Schm idhalter , 2005). I t  required in 

the synthesis of chlorophyll,  and also the form at ion and growth of the vegetat ive parts of the plant .   

 

Fert ilizer managem ent  can st rongly affect  crop product ivity under condit ions of drought. Thus, the 
addit ion of nut r ients can either enhance or decrease plants resistance to drought  or have no effect  at 

all,  depending on the level of water availabilit y. Drought  st ress condit ion can affect   nit rogen uptake in 

plants. Therefore, it  is necessary to m anage  N fert ilizer through organic N, inorganic N and N 
biological (bacteria N fixat ion) .  I norganic N fert ilizer has a high nut r ient  content  of N (Urea contains 

46 %  N) . Organic N fert ilizat ion has advantages in im proving soil st ructure, does not  dam age the 
environm ent  but  has a very low N content , so if it  only use organic N fert ilizat ion is needed very much 
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organic fert ilizer N per area. I n addit ion, the use of organic N fert ilizer for crops is necessary  to 
ensure that  the organic N fert ilizer materials have decomposed well,  because often t im es the use of 

organic N will have no effect  on the plant  as a source of organic N is not  decompose properly (Hartat ik 
and Widowat i,  2006) . I n addit ion, the use of bio- fert ilizers on dry land is indispensable for biological 

fert ilit y in dryland soybean crop is generally low and is one type of legum e that  is act ive in t ie up N 
from  the air,  so that  the inoculat ion of Bradyrhizobium  sp. is an effort  to reduce dependence on 

chem ical fert ilizers (Prihastut i,  2012).  

 
An early study of the relat ionships between water availabilit y and the N- fert ilizer responses from 

Bloem et  al. (1992) demonstated that  applicat ion of addit ional N enhanced wheat  yield only when the 
drought  was not  severe. While drought  condit ions m ay reduce soil-N m ineralizat ion, thus lowering the 

N availabilit y.  Tanguilig et  al.  (1987)  also dem onst rated that  a reduced crop N uptake may also be 
at t r ibuted to a decreased t ranspirat ion rate to t ransport  N from  roots to shoots.  Based on the 

background, this research was conducted to determ ine the product ion and physiological characters of 

soybean variet ies under drought  st ress through  nut r ient  N management .  
 

Mater ials and Methods 

Set  up of the experim ent   

The research was conducted at  the screen house Faculty of Agriculture, University of Sum atera Utara, 

Medan, I ndonesia on February to May 2012. Soil for the research was taken from  dry land Sam birejo 

Village (Dist r ict  of Binjei,  Langkat ) .   

 

Experim ental design and crop m anagem ent 

This research used a random ized block design with 3 factors and  3 replicat ions. The first  factor was 

soybean variet ies (Anjasm oro, Wilis and Sinabung). The second factor was drought  st ress condit ions 

consist ing of 50% , 60%  , 70%  and 80%  of field capacity (FC) . Drought  st ress t reatment of 80%  of FC 

is the cont rol t reatm ent  because it  was considered opt imal for the growth of soybean (Chen et al. , 

2006;  Sum arno and Mansuri,  2007). The third factor was the applicat ion of N consists of (1) . Without 

N fert ilizer (cont rol) ;  (2) . N fert ilizer dose of recomm endat ion (50 kg Urea/ ha) ;  (3) . I noculat ion of 

Bradyrhizobium  sp.) ;  (4) . Organic N sources (st raw compost  10 tons/ ha) ;  (5) . Organic N sources 

( farm yard m anure 10 tons/ ha) . There were 3 x 4 x 5 x 3 =  180 experimental units. Each experimental 

unit  consisted of 4 plants so there were 540 polybags.  

 

Three soybean variet ies (Anjasm oro, Wilis and Sinabung)  was used as source of seeds. The soil dried 

for 15 days, then crushed and screened with a diam eter of 6 mm  sieve. Before plant ing, soil lim ed 

with dolom ite 500 kg/ ha and incubated for 2 weeks.  A total of 10 kg weight  of air-dry soil put  in poly 

bag size 30 cm  x 40 cm . Poly bag had previously been covered with plast ic.  I solates of 

Bradyrhizobium  sp. indigenous origin dry land village Sambirejo obtained by isolated first .  Based on 

the pre-  study results the isolates of Bradyrhizobium  sp. potent ial.  Propagat ion of Bradyrhizobium   sp. 

isolate conducted in Soil Biology Laboratory, Faculty of Agriculture, University of Sum atera Utara by  

using yeast  ext ract  m annitol medium  in a 500 m l flask were shaken 150 rpm  at  room  temperature for 

48 hours. B. japonicum  inoculat ion were m ixed with soybean seed just  before plant ing in the shade in 

the m orning. Bacterial isolates (density of 108 cells/ m l)  in 1 m l/ poly bag was also given to the ground 

in a poly bag. St raw com post  m ade with bio-act ivator Trichoderma harzianum .   

 

The t ransparent  plast ic shade was m ade inside the screen house with a size of 12 m x 16 m  made of 

bam boo and wire bonded.  I t  was divided into 3 blocks. Determ inat ion of soil m oisture content  to 

determ ine the weight  of air-dry soil to be put  into polybag done by drying m ethod.  Determ inat ion of 

water content at field capacity (FC) was conducted using method describe by Alt r icks (Foth, 2004).  P 

and K fert ilizer applicat ion was done for all the plants at  plant ing t im e (0 days after plant ing/ DAP)  

according to the dose of 150 kg TSP/ ha and 75 kg KCl/ ha. Urea 50 kg/ ha applied at  twice i.e. a half of 

dose on plant ing t ime (0 DAP)  and a half of dose on 30 DAP.  Cow manure and st raw compost ing was 

done at  plant ing t ime according to t reatment, adm inistered by m ixing fert ilizer with plant ing m edium. 

 

Drought  st ress t reatment  carried out  according to t reatment  was 50%  , 60%  , 70%  and   80 %  of FC. 

Plants t reated 80%  of  FC up to 21 DAP, after that  plants t reated according to drought  st ress 

t reatment  unt il harvest  t ime. Weeding is done m anually by pulling weeds. Prevent ion of pest  at tacks 
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carried out  by using organic pest icides. Harvest ing is done if the soybean crop has shown that  the 

criteria have brown skin pods and stems and leaves have dried up variables observat ions.   

 

Variables observed and stat ist ical data analysis 

Variables observed was  chlorophyll,  shoot  and root  N content and seed dry weight  per plant . 

Chlorophyll content  m easured by using Opt i-Sciences CCM 200 plus Chlorophyl meters (Opt i-Sciences, 

2011) . Shoot and root  N m easured by Kjedhal method. I f there were significant differences in the 

variance analysis followed by Duncan's Mult iple Range Test  (p =  0.05) .  

 
Results and Discussion 

Soil, Farmyard m anure and Straw  Compost  Character ist ics 

The characterist ics of soil had low pH H2O 5.0, low of N content  (0.14% ), low C organic content 

(1.02% ), sufficient P (27.4 mg kg -1) ,  sufficient  K (0.47 m e/ 100) , sufficient  Ca (8.75 me/ 100), low 

cat ion exchange capacity (15.7 cm ol(+ )kg -1,  high Mg (3.69 me/ 100).  The st raw compost 

characterist ic were C organic content  22.5 % , N total 1.33% , C/ N rat io 16.9, P2O5 total 2.9% , K2O 

9.45.  The characterist ics of farm yard m anure had the C organic content 17.98 % , N total 1.04% , C/ N 

rat io 17.28, P2O5 total 0.79% , K2O 0.30.    

 

Physiological characters of soybean  

Chlorophyll  Content  

Anjasm oro and Sinabung variet ies gave the highest  of  chlorophyll  content  compared to Wilis. 

Applicat ion of Urea tent  to increase the chlorophyll  content  com pared to other t reatments.  

I nteract ion between Anjasm oro variety and 60%  of FC gave the highest  of chlorophyll  content , but   

interact ion between Sinabung variety and 70%  of FC the lowest  of chlorophyll  content  (Table 1) .  

 

Shoot   N   content 

Anjasm oro variety provide the highest  shoot  N content  compared to Sinabung and Wilis. Farm yard 

m anure t reatm ent  improved shoot  N content  significant ly than other t reatm ents, but the t reatment of 

without  N gave the lowest  shoot  N content . Drought st ress t reatment  did not  give effect  significant ly 

different  on shoot  N content  (Table 2) . 

 

Root  N content 

Urea t reatment  im proved the root  N content  significant ly compared to other t reatments. Manure 

t reatment  gave the lowest  root  N content. I nteract ion Anjasm oro variety with st raw com post  produced 

the highest  levels of N roots than other t reatments, but  not  significant ly different  from the interact ion 

of  Anjasm oro variety and aplicat ion of Urea. The interact ion between Urea and 70%  of FC  produced 

the highest  levels of N roots (Table 3) .  

 

Table  1. Chlorophyll  content  of  three soybeans variet ies under drought  st ress with applicat ion of 

source of  N  

Treatm ent 

 

Drought  st ress (%  of FC) Mean 

50 60 70 80 
 Variety      ………………………………unit / 0.71 cm 2 ………………………….. 

Anjasm oro 33.14 35.48 31.70 34.03 33.53a 
Sinabung 31.22 28.12 27.33 29.38 35.53a 

Wilis 27.37 28.98 28.83 28.00 29.01b 

Source of  N 
Without  N 29.89 31.57 29.20 28.72 29.85 

Urea 30.58 30.75 31.49 31.66 31.12 
Bradyrhizobium sp. 30.62 29.80 30.50 29.95 30.22 

Farm yard m anure 30.31 30.72 29.27 30.64 30.23 

St raw compost 31.46 31.46 25.96 31.39 30.07 

Mean  30.57 30.86 29.28 30.47 

 Note :     Different  let ters represent  significant  differences at  Duncan’s Mult iple Range Test  (p =  0.05) 
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Table 2.  Shoot  N content  of three soybeans variet ies under drought  st ress with applicat ion of source 

of  N  

 

Drought  st ress (%  of FC) Mean 

50 60 70 80 

 Variety ……………………………%   of  shoot  dry weight……………….. 

Anjasm oro 3.86 3.89 4.02 3.68 3.86x 
Sinabung 3.43 3.48 3.61 3.40 3.48z 

Wilis 3.94 3.71 3.52 3.26 3.61y 

Source of  N 

Without  N 3.51 3.51 3.49 3.29 3.45d 

Urea 3.72 3.79 3.63 3.47 3.65c 
Bradyrhizobium sp. 3.57 3.14 3.36 3.57 3.41d 

Farm yard m anure 3.83 4.17 4.22 3.65 3.97a 
St raw compost 4.10 3.85 3.89 3.26 3.77b 

Mean  3.75 3.69 3.72 3.45 

 Note :     Different  let ters at  the same group t reatment  represent  significant  differences at  Duncan’s 
Mult iple Range Test  (p =  0.05) 

 

Table 3. Root  N content  of three soybeans variet ies under drought  st ress with applicat ion of  source of 
N  

 

Drought  st ress (%  of FC) Mean 

50 60 70 80   

Variety ………………………………%   of root  dry weight  ………………… 
Anjasm oro 2.20 2.24 2.35 2.16 2.24x 

Sinabung 1.92 2.05 1.91 1.83 1.93y 

Wilis 1.79 1.94 1.93 2.06 1.93y 
 

Source of  N 

Without  N 1.96cde 1.99cde 2.08abcd 1.96cde 2.00l 

Urea 1.99cde 2.34ab 2.36a 2.03cde 2.18j 

Bradyrhizobium sp. 2.20abc 2.05bcde 1.81e 2.13abcd 2.05k 
Farm yard m anure 1.89de 1.95cde 1.78e 1.92cde 1.88m 

St raw compost 1.82e 2.05bcde 2.29abc 2.03cde 2.05k 

Mean  1.97 2.08 2.06 2.01 
 Note :     Different  let ters at  the same group t reatment  represent  significant  differences at  Duncan’s 

Mult iple Range Test  (p =  0.05) 

 

The applicat ion of Urea gave the highest  root  N content, while applicat ion of farm yard m anure gave 

the lowest  root  N content . I nteract ion between Anjasm oro and applicat ion of st raw compost  gave the 

highest  root  N content, while the interact ion between Sinabung variety and  Bradyrhizobium  sp. 

provide the lowest  of root  of N (Table 4). 

 

Table 4.  Root  N content  of three soybean variet ies  with the applicat ion of N sources   

Variety Source of  N  
Mean   Without  N Urea Bradyrhizobium  

sp. 

Farm yard 

m anure 

St raw compost 

  . . . .. .. . .. . .. . .. . .. .. . .. . .. . .. .. . .. . .. . .. ..%  .. . .. .. . .. . .. . .. . .. .. . .. . .. .. . . .. .. . .. . .. .  

Anjasm oro 2.13de 2.36ab 2.27bc 2.01f 2.41a 2.24x 

Sinabung 2.05ef 2.01f 1.81h 1.91g 1.86h 1.93y 
Wilis  1.82h 2.18cd 2.06ef 1.73i 1.87h 1.93y 

Mean  2.001 2.18j 2.05k 1.88m 2.05k  

Note :     Different  let ters represent  at  the same group t reatment  significant  differences at  Duncan’s 

Mult iple Range Test  (p =  0.05) 
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Product ion of soybean 

Seed dry w eight  per plant 

Based on Table 9 shown that  Anjasm oro variety produced  the highest  dry seed weight  per plant 

compared with Sinabung and Wilis.  Treatm ent  of 70-80%  of FC increased the dry weight  of seeds per 

plant significant ly compared with 50%   and  60%  of FC.  In all variet ies is seen that  the dry seed 

weight  per plant  tent  to increase with increasing%  KL. 

 
Table 5. Seed dry weight   of  three soybean variet ies  under drought  st ress with the applicat ion  of  N 

sources   

     

Drought  st ress (%  of FC) Mean 

50 60 70 80 

 Variety ……………………………… g ………………………….. 

Anjasm oro 3.84 3.47 4.85 5.51 4.42a 
Sinabung 3.49 3.83 4.17 4.78 4.07b 

Wilis 2.81 3.44 4.12 4.34 3.68c 

Source of  N 

Without  N 3.43 2.67 5.62 5.61 4.33 

Urea 3.33 3.70 3.72 3.70 3.61 
Bradyrhizobium  sp. 2.48 5.25 3.87 4.48 4.02 

Farm yard m anure 3.34 3.51 3.85 4.95 3.91 

St raw compost 4.87 4.00 3.79 5.16 4.46 

Mean  3.49y 3.83y 4.17x 4.78x 

 Note :     Different  let ters at  the same group t reatment  represent  significant  differences at  Duncan’s 
Mult iple Range Test  (p <  0.05) 

 

Based on the research results chlorophyll content  influenced by variet ies (Table 1) . Anjasm oro had  

the chlorophyll  content  higher than Willis and Sinabung. Treatm ent            of 50 -80%  of FC has not 

responded significant ly different  with chlorophyll cntent .  Chlorophyll  content  related to the status of 

N in plant  indicated by the shoot  N content  (Richardson et  al. ,  2002) . The low chlorophyll  content   

also indicated the low shoot  N content.  This is evidenced in this research that  t reatm ent  without  N 

applicat ion produced low chlorophyll content     (Table 1)  and also lowest  shoot  N content  (Table 2) , 

because the t reatment  without  N applicat ion led to a shortage of plant  N that  leaves become paler due 

to the loss of chlorophyll which is pigm ents in photosynthesis.  As already reported by Ashari (2006 ) 

that  Nit rogen is one of the com ponents of chlorophyll which plays an im portant  role in photosynthesis. 

N deficiency symptoms are m ost  obvious and comm only seen is a reduct ion in leaf green color due to 

the loss of chlorophyll,  the green pigm ent  that  plays a role in photosynthesis. N is an essent ial 

elem ent  for plant  growth which is a protein const ituent  of nucleic acids, st im ulate overall growth, 

const ituent  protoplasm, chlorophyll molecules , nucleic acids  and am ino acids which are the building 

of protein. 

 

Based on the lim its of nut r ient  sufficiency and deficiency according to the results of the analysis of the 

shoot  N content , in general it  is in a state of deficiency because a value less than 4.2 %  

(Hardjowigeno, 2003) . In this research, t reatment  of variet ies significant ly affect  on shoot  and root  N 

content  (Tables 2 and 3). Shoot  N content  in Anjasm oro higher than Wilis and Sinabung. This 

phenom enon is related to the abilit y of each variety in absorbing N nut r ients from  the soil.   There are 

two form s of  N fixat ion by plant  roots nam ely amm onium  and nit rate. Nit rogen is absorbed m ost ly in 

the form  of nit rate ions are stored direct ly in the vacuole cells of root , storage organs ( fruit ) ,  stems or 

leaves . The rest  which are not  stored in the vacuole would be reduced to NO2  (nit r ite)  converted into 

amm onia (NH3)  by enzym es nit r it reductase. 

 

N sources significant ly affect  the levels of shoot  and root  N content . Farm yard  manure provided the 

highest  levels of shoot  N content  but  applicat ion of  Urea provided the highest  levels of root  N content. 

Farm yard manure is source of organic N that  affect the physical,  biological and chem ical soil, 

im proving soil aerat ion because the pores that  exist  in the soil increased so m uch aerat ion, related to 

percolat ion and the availabilit y of water,  fert ilizer replacement   and restore soil fert ilit y due to 

nut r ient  taken. 
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Anjasm oro variety provided dry weight  of seed per plant  (Table 5)  higher than Wilis and Sinabung. 

This related to genet ic factors of each variety, in which the num ber of pods vary depending on variety, 

fert ilit y and plant  spacing.  However, Anjasm oro variety produced  the lowest am ount  of  filled pods  

but  it  had dry weight  of seeds per plant  and dry weight  of 100 seed were higher than Wilis and 

Sinabung, because Anjasmoro is large seed soybean  variet ies (dry weight  of 100 seeds  >  13 g) . I t  

can be understood that  the dry weight  of 100 seeds of Anjasm oro (13.51 g)  is very different  from 

Wilis (10.64 g)  and Sinabung (10.33 g). The large size of the seed Anjasm oro variety presumably 

because of the concent rat ion of photosynthesis in seed  filling and the type of determ inate growth, in 

which the R1 phase growth stalled.  I n line with the statement  Akunda (2001)  that  the large seed  size 

caused by the concent rat ion of photosynthesis in seed filling . Seed yield is the total photosynthate is 

part it ioned into seeds ,and the magnitude is the product  of the rate of dry m at ter accumulat ion in the 

seed with the seed filling period and number of seeds.  

 
Dry weight  of seeds per plant  (Table 5)  increased with increasing %  of FC. I t  is because  the pod filling 

phase (R5 and R6)  are very sensit ive to water availabilit y. The developm ent  of seed on R5 is 
characterized by a rapid increase in seed weight  and nut r ient  accum ulat ion, last ing up to R6. At  pod 

filling phase occurs R6 but  st ill im m ature. Soybean seed filling  takes place during the final phase of 
m aturat ion seed. This phase are largely influenced by the availabilit y of water (Kim  and Chung , 2007;  

Dhaubhadel et  al ,  2007) . Therefore, the lower availabilit y of water in the pod filling phase will result  

in increasing lower number of filled pods that  also resulted in a decrease in dry weight  of seeds per 
plant  and 100 seed weight .  Differences in the dry mat ter yield response have been reported by many 

researchers (Daneshian and Zare, 2005 ;  Manalavan et  al,  2009 ;  Ham ayun, et  al.,  2010)  that  the 
decrease in yield with increasing drought  st ress during flowering and seed filling stage resulted in a 

decrease in the number of pods due to m iscarriage during flowering so affect  the number of seeds per 
pod. Behesht i and Fard (2010)  have reported that  the reduct ion in photosynthesis is a m ajor factor 

lim it ing yield and all yield components . The process of photosynthesis is im paired result ing in 

decreased seed yield, harvest  index and other com ponents. Plants that are experiencing drought  
st ress during seed filling phase, while photosynthesis is not  enough for needs, so the plants will use 

the sink compound stored assim ilates from  other parts of the plant  such as seeds and stems, result ing 
in a decrease in dry weight  of seeds and stems. 

 

Based on the research, it  concluded that   Anjasm oro variety  im prove the character of  dry weight  of 

seed per plant  com pared with Willis and Sinabung.   I ncreased drought  st ress (80-50 %  of FC) 

resulted in a decrease in dry weight  of seed per plant   and dry weight  of 100 seeds but  increases leaf 

proline content.  Sources of N in the form  of urea or Bradyrhizobium  sp. increased the dry weight  of 

seeds per plant  com pared with t reatm ent  N sources st raw and manure compost . The interact ion 

between Bradyrhizobium  sp.  or Urea and Anjasm oro variety im proved  dry  weight  of seeds per plant. 
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