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Table 1- Mean squares of studied traits of lentil under different irrigation and type of phosphorus fertilizer treatments
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Different letters indicate significant difference at p< 0.05,
based on Duncan’s multiple range test.
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Table 2- Mean comparison of studied traits of lentil under different irrigation and type of phosphorus fertilizer treatments
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*Different letters indicate significant difference at p< 0.05, based on Duncan’s multiple range test.

O Ll 53 ((phed pliond 365 5l g polie 5 Cland oaiiS J>
2 ede ol ola 4o Lo iSU opl 0,8 oo Sis
9 Syid 35S Caliseo (slaylas 5l oslitel b g (Sid i byl s
oYL aS 0d S s Olawd 308 > sla oS
A ol Claud 50 S > sla oL ol Hlow o 5 Slas
olie G g 0,Sles ol58] ¢ pien (Arpana et al., 2002)
48 b odalie (Sloj )3 yide 3955 9 poSygm )3 Hhud g ()79
Symo sl oL Lzl olpan a4y ol b oliowd 365 2oy B+
Sani et al., ) wlas, I8 4 Glawsd 0aisS o sl g, 8L wile A3,
vl CaS 9oy Slae ialy 8l ionen (2004
Ohl—Sed 5 yo0 oo aslllas ,> (Thymus vulgaris  L.)
OhlKen g pais Jls s, (Mohammadpour et al., 2015)
S,5 49, (Rezvani Moghaddam et al., 2015)

dila o Slac
il 5, Slas iy (2l 365 g Jgono gkl S
09 9 (St uaS G5 e Sl &S Jle 3 08 g ) eas
(Y JSs) ol cawday a3l 3, Sos Hlado oy yieS (s0L5) 565 6 yune
(Gull et al., 2004) ), Sen 3 J55 2ol b yol el s Yiezsl
OBSTim 9 4By pind 35108 45 3 Cbllae (2])) 3955 (59 2
ly it slg g ol a5 03, sga0m0 |, olS (gl ol
ly 3, Slas 2ol Coge cuiy ol g Cunl 03y JLE L5l cou
(Sdd BAs i bald o a8l 065 il eolaiiel Ll 043,85
olalil el gy Jseme ()bl by 5 (SUiS Cais i
A 35S ol o 4y Cannd 3,Slas (g0 )d F/AY 5 Y/VY XF/V .
s ol e jb pxe cglay pl (SWis wad i pdaw jo oS
Lo SL plagon 3)15) il 258 Cogllao 35T axim (L



IVAY Lo oF o)lods Ve ol (65)9LiS (cwlidh pgo 4y p25 VY

ol 005 odalidie ) (gladgS 3yl

1600

1400 4 abc

1200 4 efg
1000
800 -

600

Seed yield (kg/ha)

400

200 -

70 mim

OControl
m100% chemical phosphorus

100 mm

Gholami et ) | ,Ken 5 oMe 4 (Carthamus tinctorius L.)
1, (Foeniculum vulgare Mill.) asbjl, <o, (al., 2015

cde cde

130 mm

Inrigationlevels

m 50 % chemical phosphorus+biologic fertilizer

Hbiologic fertilizer

o oS &1 3,Shas 2 ke 355 im0 5 £33 9 Ssll 1 SRS Y JSUS
ol I3 gxe (g lol OMEB] dgmg baimd L i ygiar (9y S yidio pué Ly y> 5d Ao o )d O daws 50 g SIB yg05] By 4 by Sl
Fig. 2- Effect of water deficit and type of phosphorus fertilizer on seed yield of lentil plant
Different letters indicate significant difference at p< 0.05, based on Duncan’s multiple range test.
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Fig. 3- Effect of water deficit and type of phosphorus fertilizer on relative water content of lentil plant
Different letters indicate significant difference at p< 0.05, based on Duncan’s multiple range test.
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Fig. 4- Effect of water deficit and type of phosphorus fertilizer on proline content of lentil plant
Different letters indicate significant difference at p< 0.05, based on Duncan’s multiple range test.
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Table 3- Correlation between studied traits in lentil
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Introduction

Different studies in semi-arid regions showed that application of phosphorus fertilizers under drought stress
conditions increased the crop yield. Most agricultural soils contain larger amount of fixed form of Phosphorus (P) than
available P, a considerable part of which has accumulated as a consequence of regular applications of P fertilizers.
Certain microorganisms such as phosphate solubilizing bacteria fungi, actinomycetes mostly those associated with the
plant rhizosphere are known to convert insoluble inorganic phosphorus into soluble form that could be utilized by the
plants. Among them, some phosphate-solubilizing bacteria (PSB) are being used as phosphatic biofertilizers for crop
production. Phosphate solubilizing bacteria can solubilize fixed form of P to available form by the secretion of various
kinds of organic acids, phosphatase enzyme, growth hormones etc. and increase availability of P to the plants. In this
point of view, phosphatic biofertilizer may be used as an alternate option of chemical P fertilizer for lentil cultivation.
Therefore, the present study was under taken to evaluate the effects of biofertilizer, chemical phosphorus and integrated
application of fertilizers on yield and physiologic characteristics of lentil under drought and normal condition in karaj
climate.
Materials and Methods

To evaluate the effect of drought stress on seed yield and physiological traits of lentil cultivar (Ziba) with chemical
and bio phosphorus fertilizer, an experiment was conducted in split plot based on randomized complete blocks design
CRBD design with four replications in research farm of University of Tehran (Karaj-Iran) during 2014-15. The main
factor included three irrigation levels (irrigation after 70, 90 and 130 mm evaporation from open pan class A) and sub
treatment were the kind of phosphorus fertilizers (100% super phosphate triple (P); bio-fertilizer; 50% P + bio-fertilizer;
no p fertilizer and bio-fertilizer as a check) The bio-fertilizer contained co-inoculation of phosphobacterin
(pseudomonas strains 93 & 187) and azotobactor. The characteristics recorded were no. of pods per plant, seed yield,
seed protein content (%), relative water content (RWC), proline content and total leaf chlorophyll.

For statistical analysis, analysis of variance (ANOV A) and Duncan’s multiple range test (DMRT) were performed
using SAS ver. 9.2 software.
Results and Discussion

Interaction effect of irrigation and type of fertilizer had significant effect on pod number per plant, protein
percentage, relative water content, free proline and chlorophyll content. The results indicated that normal irrigation
(irrigation after 70 mm evaporation from open pan class A) x integrated phosphorus fertilizer (50% P + inoculation with
bio-fertilizer) gave the highest seed yield. Similarly, P and bio-fertilizers application under severe drought stress
condition produced higher seed yield compared to other treatments. This can be explained that PB inoculation enhanced
the solubilization of phosphates in rhizosphere soil of lentil which stimulated the native Rhizobium and attributed to
increase the nodule number and weight ultimately that showed positive effects on other growth and yield attributes of
lentil.
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However, for the RWC under normal irrigation x bio-fertilizer; for the total leaf chlorophyll under normal
irrigation x 100% super phosphate triple; and for the proline content under severe drought stress x 100% super
phosphate triple gave the highest values. With drought stress conditions, the leaf RWC and Proline contents reduced,
which represented a relationship between these physiological traits and lentil seed yield.

Conclusion
In general, from the view of reducing chemical fertilizer uses to manner the environment-friendly and cost-saving

cultivation, application of 50% P + seed inoculation with bio-fertilizer based on the result of this study is recommended.

Keywords: Bio-fertilizer, Chlorophyll, Drought stress, Lentil seed yield, Proline, Relative water contents






