Journal of Water and Soil
Vol. 30, No. 4, Sept.-Oct.2016, p. 1170-1179

(523U @l 5 pale) S g T &y it
NYe-1YA. oA FAB 5T — ygn oF ojleds Fe ks

S Ky 53 S5 gy ey polis ol g B oS AS) S e 5SS

&ﬂ@ﬁé\fﬂeéﬂié&i

° s, [ *y . \ e
Sowsr 1S dodew —Obay S Jo o — o8 e - ()05 S - (S Bl e
\YWA¥F/ Y/ Y CA\{_)) c_)\:

LXVLES

g iy dalle S 5 o ] el 1 bl o ] o Lol 15,13 3539 S 13 s yobo 4y ppedl8 alas 51 ias 3l
i SIS dde sl xS 5 00 plsl Sllge g lapludl sl Ml gl oSl skt @ (ol aliwgay S I3l sl
OIS _iylofl ot 8,5 IS S (spdols Ll 5 oS codles LinlsEl gl oolate cloans b 5 ALl ) 452 )3 sago
Ve D) peodlS s o (55l g 5 L) (6L e 93 ol Lol 0 plowil 1,55 s b 33k HelS b B )3 pgiSTB &9
i a8l L @l g (450 Syl Cugby 20 PO g Ar (I (gh) (St S5 s duw 9 (SB-p)S5hS )3 o) (e Fe g
G 585 (ke g 091 e 0ty el (S35 by o 23 5 68l b osd (Fjale 5 (SS A (g o )3 Bpae ol
S G5 5 meedlS (gite Sl AL (638l Al Sale (e Sl 4 S 4o byl Cagby do 3 Ar 15 )0 polie e Gl
gy (303 P10 9 WIE NF (i & i 40) yaud g mansliy (95 JS @ g (algn pluil Sis (g g0y MY Jaline (ol 31 s
5950 (ls il ) ealiy 9 (g CBE «Bpany polie IS e (lp plail SiS (g (Rl G (S A5 A8 G gl el
8l alS ol gy sl 9 (59 y JS e g Sl (g bajless (oeled 53 meedls ol il L ad SB pliy clale

MiCrocoCCUSyUNNaNeNSis « yae  yolic (5Siw 136 1 gulS glaojly

Lagl Jl (50 a8 0)b 2925 ol gy (Sl g Il tals
B il 5 0dle & Casl Ay oS o (gl s yiST ) dlizl
&S ACCuilg oo g 03925leld ACC o351 (il ¢ polie  uwyiawd
(V) as ol S 1y olal g 03,8 @ o Lyl lail addgi Sl g
S Jslse (5luwnlil L a0 oradlS 4 plie il )
iy yess 9 Slind (93,5 o g (sl Dy i oS
L (V) 15,138 15U yolie o yiod cobls 5 S oo p WSl
o) yamslizal 3,50 (6, 30yl 1)l Mol 515,15 o o]
OB bl G Bpany polie S5 Gda g clale p laggy
it Sl sl 48,85 & g0 (i el (So9) g g
@ e pB)l olgs pluil dlwgay (5958 JS ol eedlS
Bonb 311y o Jis) g ol e omedlS (VF) ol 005 i 135
Oiars o (F) oo (ialS LS, i el Sl il
raie 3l Glise @l (VY) b (tls Ol 0gea8” Ll 5
)35 oS algm pluil gy o Dl g i ey radls

LVRU

0455 Cldg2ge (Sli (o 5 r9pmS pf s K ppedlS

bl )3 9 olS alwgas (ad Ola 3 polie I (65l bl 0
(\Y) ’\—“‘56“ WG) M.)LS LJ °L—.‘.§ 090 29> () L;Ltbu».o;
2 i 955958 Ao (5)9)05 juolie B 5 puddglie ol
O (V)] glite pSine Ol3l8 Cooms o (Sl 5 byl ys
Sl dlge 9505 Byio g ol leidle (390 Jiote o o
(s> Skl (Ll o 5298 (0 39l (SIplie s ]
pas b pials Y3 51 (6 (V) 998 o0 olS lawgs polis o
Sl 8l ol 53 bl cuslal ((Sis (i baylpd )3 olS A5,

09,5 kil 5 dbiwl ylabiwl ylutily (658> gty iy 4 -0 9 ¥ XY
e o215 55l 0> (S pole
(Email: mehdizarei @shirazu.ac.ir: Jytus st g —#)

6- Aminocyclopropane-1-carboxylate (ACC) deaminase
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1-Bacillus mycoides
2- Micrococcus roseus
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Table 1- Some physical and chemical characteristics of soil used in the experiment
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xCu xZn xMn  xFe oz P N CEC oM o : FCacs0 Soil
LK @)  (mol*kgl) (%) pH EC. Texture
(mg kg™) (dsm™)
15 04 115 35 620 18 0.06 15 1.3 7.7 0.35 18 IC(_:)I;‘?rI]
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Table 2- Effects of bacterial inoculation, Cd and drought stress levels on shoot dry weight, N concentration and uptake by
corn and N concentration in soil

PGPR S Cugb, ou03l8’ Zghanw A oKlke
Soil moisture regime Cd levels (mgkg™) 1
0.65 FC 0.8 FC FC 40 20 10 5 Main effect of
bacteria
S G
Shoot dry weight (g pot™)
. 398 8.82
B, 2 8.20D 1288 786D  79CD B873CD S5 8.34B
B, 3'31 9.58C 139A 821CD 859CD 958AB 102A 9.14A
© gl gy clilé
N concentration in corn shoots (%)
B, 2% 2308 203C 224ABC  2%*  230AB 223BC 225A
B, 2':4 2268 205C 236A  220BC 230AB 215C 225A
O3 algn Pl g 39y IS Ol
N uptake (mg pot™?)
96.9 101
B, o 189D 260B 172DE  170E  1M4BC o0 1828
B, 8 216 C 285 A 189CcDE 8 o00AB 2144 199 A
E CDE
Post- harvest N concentration
in soil (%)
0.064 0.062 0.061
B, 0% 0.060 A 0.064 A 0060AB %02 ooera O 0.063 A
0.064 0063  0.063
B, OO 0.059 A 0.063 A 0062AB 00598 O30 o 0.062 A
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*By: without inoculation; B;: inoculated with bacteria; FC: Field Capacity
**Numbers followed by the same letters within each parameter shows no significant differences among treatments (P< 0.05)
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Figure 1- Effects of bacterial inoculation, Cd and drought stress levels on N uptake by corn shoots
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Table 3- Effects of bacterial inoculation, Cd and drought stress levels on some measured characteristics (P and K)

PGPR | SE b, el Zols S5 1 oeiee
Soil moisture regime Cd levels (mgkg™)
0.65 FC 0.8 FC FC 40 20 10 5 Main effect of bacteria
P concentration in corn shoots (ug g™%)
Bo 1308 C 1622 A  1377BC 1483A  1377A  1458A  1425A" 1436 A
B, 1429 ABC 1550 AB 1487 ABC 1586 A 1388 A 1613 A 1366 A 1488 A
3 s plil g jind JS Ll
P uptake (mg pot™)
Bo 521D 133C 17.7B 121 ABC 109C 127ABC 126ABC 12.1B
B, 571D 148C 206 A 141AB 119BC 143AB 146 A 13.7A
Oy syl e S jhud clale
P concentration in post-harvested soil (ug g™
Bo 187A 15.6B 16.4B 17.2 AB 185A 17.1 AB 148C 169A
B, 19.2A 16.2B 16.4B 17.6 AB 187A 16.2BC 16.5ABC 17.3A
K concentration in corn shoots (mg g%
Bo 168 A 151B 13.6 CD 152AB 149AB 14.7B 16.0A 152A
B, 169A 145BC 133D 15.0AB 151AB 15.0AB 146B 149A
@y lgp plil by ey JS ol
K uptake (mg pot™)
Bo 66.7 D 124C 175A 115C 112C 125BC 136 AB 122B
B, 66.4D 139B 184 A 119C 123BC 136 AB 140 A 130A
Gpd by il ey SB > eenly clale
K concentration in post-harvested soil (ug g™%)
By 632B 603 C 573D 607 ABC  583C 593BC 628 A 603 A
B, 666 A 612BC 572D 621AB  617AB  621AB 607 ABC 616 A
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*Bo: without inoculation; B: inoculated with bacteria; FC: Field Capacity
**Numbers followed by the same letters within each parameter shows no significant differences among treatments (P< 0.05)
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Figure 2- Effects of bacterial inoculation, Cd and drought stress levels on P uptake by corn shoots
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Figure 3- Effects of bacterial inoculation, Cd and drought stress levels on K uptake by corn shoots
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Introduction: Heavy metals such as cadmium (Cd) are found naturally in soils, but their amount can be
changed by human activities. The study of the uptake and accumulation of heavy metals by plants is done in
order to prevent their threats on human and animal’s health.Cadmium is a toxic element for living organisms.
Cadmium competes with many of nutrients to be absorbed by the plant and interferes with their biological roles.
Water stress affects the cell structure and the food is diverted from its normal metabolic pathway. It also reduces
the availability and uptake of nutrients by the plant. One reason for the reduction of plant growth under drought
stress is the accumulation of ethylene in plants. There are ways to mitigate the negative effects of drought stress
that one of which is the use of Plant Growth Promoting Rhizobacteria(PGPRS) to increasing the availability of
nutrients. Soil beneficial bacteria play an important role in the biological cycles and have been used to increase
plant health and soil fertility over the past few decades.The aim of this study was to investigate theeffect of
PGPRsonthe concentration and uptake of macro nutrients by corn in a Cd-contaminated calcareous soil under
drought stress.

Materials and Methods: A greenhouse factorial experiment was conducted in a completely randomized
design with three replications. The treatments were two levels of bacteria (with and without bacteria), four levels
of Cd (5, 10, 20, and 40 mg kg'l), and three levels of drought stress (without stress, 80, and 65% of field
capacity). The pots were filled with 3 kg of treated soil. Cd was treated as its sulfate salt in amounts of 5, 10, 20,
and 40 mg kg™. The soil was mixed uniformly with 150 mg N kg™ as urea, 20 mg P kg™ as Ca (H,PO.),, 5 mg
Fe kg™ as FeeEDDHA and 10, 10 and 2.5 mg Zn, Mn and Cu kg™, respectively as their sulfate salt in order to
meet plant needs for these nutrients. Six seeds of Zea mays (var. HIDO) were planted at each pot. Each seed of
maize was inoculated with 2 mL (1x108 colony-forming units (cfu) mL™) of Micrococcus yunnanensis (a gram
positive bacterium with the ability of production of sidrophore and phosphate dissolving characteristic). Each pot
was irrigated daily with distilled water to near field capacity by weight, until 15 days after corn planting. Then
corn was thinned to 3 plants per pot and irrigation was started with different levels of drought stress (without
stress (F.C), 80, and 65% of field capacity) by weight. At harvest (8 weeks after planting), the aerial parts of the
plants was cut at the soil surface. The harvested plants were washed with distilled water, dried to a constant
weight at 65°C. Representative samples were dry-ashed and analyzed for macro nutrients.

Results and Discussion: The results indicated that the inoculation of bacteria increased shoot dry weight
(DW) and total uptake of nitrogen (N), phosphorus (P), and potassium (K). Drought stress decreased DW, total
uptake of N, P, and K, concentrations of N and K in corn shoots, and concentration of K in the soil. The
application of biological fertilizers, such as plant growth promoting rhizobacteria, increase plant growth through
increasing microorganism’s activities and population in the soil and so increase macro nutrients uptake by the
plant. Phosphate solubilizing rhizobacteria increase plant growth and phosphate availability with production of
organic acids and secretion of phosphatase enzymes or protons and conversion of non-soluble phosphates (either
organic or inorganic phosphates) to the forms that are more available for the plants and improve their nutrition
and increase their growth. Drought stress decreases Dry Matter Weight(DMW) through decreasing relative
humidity of the air of plant growth environment and increases evaporation, transpiration, plant temperature and
light intensity of the sun. It prevents normal development of roots, water uptake, and plant growth by reducing
the moisture content of the soil. It also decreases uptake and availability of Phosphorus in arid soils because
plant growth and root activity in arid soils are lower from those of wetlands and as phosphorus is immobile in
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the soil, its uptake by the plant will decrease. N concentration of plants will increase drought stress conditions
through rapid accumulation of amino acids that had not been converted into protein. The combined effects of
drought stress and inoculation of bacteria on decomposition of silicates, cause the release of nutrients such as
potassium. Increasing levels of cadmium in both cases, with and without bacterial inoculation, decreased DW, N
and K uptake by corn because of its toxicity and its competition and interactions with these nutrients.

Conclusion: The inoculation of bacteria mitigated the negative effects of drought stress and cadmium
contamination by increasing dry weight of corn and increasing uptake of macronutrients by aerial parts. Drought
stress in both cases (with and without bacterial inoculation) reduced shoot dry weight, total uptake of macro
nutrients, N and K concentrations in corn shoots and post-harvest potassium concentration in the soil. Cadmium
levels decreased shoot dry matter and N and K uptake by the plant. The use of bacteria was more effective at low
cadmium and drought stress levels.
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