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Abstract

Introduction: Soil salinity and alkalinity are some of the biggest factors limiting the production of
agricultural products worldwide. Pistachio (Pistacia vera L.) is the most commonly cultivated fruit tree in
Iran due to its relatively high salt tolerance, low water requirements, and high economic value (Sherafati
et al., 2022). Several factors have caused a decrease in the yield of pistachio orchards in the country,
including the selection of incompatible cultivars, soil and water salinity, climatic stress, and imbalanced
nutrition (Sherafati et al., 2016). Recent studies indicate that microorganisms can make plants more
resistant to salinity and alkalinity stress (Khavazi et al., 2013).
Material and methods: The ﬁresent study was conducted to investigate the effect of haloalkaliphile
bacterial strains native to the Razavi Khorasan region (which had the h(iighest ability to produce plant
growth promoting, including production of ammonia, tri-indole acetic acid, and ACC deaminase) on the
vegetative growth of pistachio seedlings and some nutrients concentration (phosphorous, potassium,
calcium, sodium, chlorine, zinc and boron) in the factorial split-plot arrangement based on a randomized
complete design (RCD) and under %arden conditions in 2021-2022. Three [evels of saline irrigation (8, 12
and 16 ds m "), two pistachio cultivars, Daneshmandi and Akbari, and the use of two superior and
selected strains of native haloalkaliphilic bacteria, Virgibacillus marismortui, and Alkalibacillus
haloalkaliphilus at four levels (each one alone, mixing both strains and control) were studied in three
replicates consisting of two seedhnigs in each replicate. The studied traits in the project included stem
length and diameter, number of leaves, leaf area, and chlorophyll index in the seedlings, and
phgsph({rouz, potassium, calcium, sodium, chlorine, zinc, and boron concentrations which were recorded
and analyzed.
Results and discussion: The results of the analysis of variance showed that almost all traits were
51%n1ﬁcant at the 0.01 level under the influence of salinity, variety, and bacterial strain. The effect of
cultivar type on measured Ve%etatlve traits and bacteria type on element concentration was more
significant than the effect of other experimental factors. Akbari cultivar showed superiority in all traits
and calcium concentrations except for the chlorophyll index. The trend of chlorophyll index was inverse
of the leaf area; and increased with increasing salinity. Virgibacillus marismortui bacteria strain increased
vegetative traits including stem length and diameter and Ieaf area, calcium concentration by 6, 5, 0.17,
and 0.2 %, respectively, compared to the control. However, the application of Alkalibacillus
haloalkaliphilus bacteria freatment decreased the concentration of sodium and chlorine ions by 18.5% and
12.8%, respectively, compared to the control.The application of the mixed stains treatment of
Virgibacillus marismortui, and Alkalibacillus haloalkaliphilus caused an increase in the chlorophyll index
(0.6%), the least decrease in the number of fallen leaves (5.7%) and microelements increasin
concentration of zinc (2.1%) and boron f(1.5%) compared to the control. The highest concentration o
calcium and the lowest concentration of sodium were obtained under the influence of Virgibacillus
marismortui bacteria, and the lowest concentration of chlorine and the highest concentration of
phosphorus, potassium, zinc, and boron were obtained under the influence of inoculation with
Alkalibacillus haloalkaliphilus bacteria. .
Conclusions: In general, Virgibacillus marismortui strain in salinities of 12 to 16 dS m™ in the Akbari
cultivar is known as the best treatment for increasing the growth characteristics of pistachio seedlings.
However, the highest chlorophyll index, and concentration of phosphorus, potassium, zinc, and boron
elements were gbtained under the influence of Alkalibacillus haloalkaliphilus strain at the l_nﬁhest salinity
level (16 dS m™) for the Akbari cultivar. In general, the use of extremophilic bacteria in high salinities is
recommended, and due to the different chemistry of the investigated elements and the different growth
characteristics of these two bacteria, the use of Virgibacillus marismortui bacteria in sodium salt
conditions is recommended. o ) ) )
Is(eg{words: Akbari cultivar, Alkalibacillus haloalkaliphilus bacteria, Pistachio, Stem height, Calcium,
odium.
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Table 1. Specific culture media of haloalkaliphilic isolates (Jones et al., 1992)

Compounds Amount (g L)
Glucose -
Poly Peptone -
Yeast extract 10

Di potassium hydrogen phosphate -
Magnesium sulphate seven H,O 1
Sodium carbonate 18.54
Sodium Chloride 200
Magnesium chloride two H,O -
Calcium chloride -
Potassium chloride 2
Sodium hydrogen bicarbonate -
Sodium bromide -
Protease Peptone -
Casino acid 7.5
Tri sodium citrate 3
Manganese (II) chloride 0.00036
Ferrous sulfate 0.05
Agar 20
Electrical conductivity of the culture medium , dS m 39.90
pH of culture medium 9.18

38 Blol CiS s 4 baalir S 51 S 5 edis S el lse e 5l G81aA
4 were sterilized seprately from other materials and added to the culture medium before culturing the isolates.
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Figure 1 - The implementation map of the project, where salinity levels, variety, and strain are specified. Ak= Akbari
var., Da=Daneshmandi Var., Bi= Virgibacillus marismortui, B,= Alkalibacillus haloalkaliphilus, B;=Mixed of two
strains in equal proportion, C=Control
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Table 2. Quality characteristics of deep well water of Feizabad Pistachio Research Station (2021)

Parameters EC pH Na' Mg* Ca* (Cat+Mg) cr HCO;  CO; SAR!
Unit dS/m - meq/1 -
Irrigation water 16.25 7.3 93.9 20.3 36 56.3 135 3.1 0 17.7

'SAR= Sodium adsorption ratio
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Table3. Chemical analysis of three water samples used in the experiment (2021)

COs» HCO5 Cr Ca* Mg* K Na* SAR
Salinity level dS/m pH

meq/1
8.2 7.8 0 33 78.3 24 7 0.1 62.3 17.5
12.08 8 0 35 120.3 38 11.6 0.2 92.5 20
16.30 8.1 0 3.8 182.5 45.6 11.6 0.2 130.4 23.7

() G2yl sl 31 S wdap @l Jous S olasd 550 55 Slo soass 51 5 & gl

Table 4. Some of the physicochemical properties of the soil at the project site before the experiment (2021)

EC! TNV 0.C° Sand  Silt Clay Np P, Kay Ca Mg
Depth pH SAR*
(dS/m) )
% mgrkg
0-50 5810 7.5 167 017 40 43 17 0.019 2.0 106 2320 960 30.1
50-100 2640 7.6 172 019 32 47 21 0.016 0.8 119 72 366 27.5

'EC = Electrical conductivity,” T.N.V = Total Neutralizing Value, *0.C = Organic Carbon,* SAR= Sodium adsorption ratio

Fe Mn Zn Cu B Na Mg Ca (Cat+Mg)** Cr HCO;  (COs)*
Depth

mg/kg meq/kg
0-50 3.80 3.00 0.40 0.90 2.64 300.7 98.0 102.0 200.0 502.5 4.0 0.0
50-100 4.60 5.06 0.56 1.80 2.24 170.4 35.0 42.0 77.0 203.8 6.5 0.0
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Table S. Effect of salinity levels on some vegetative paramters and nutritional elements of pistachio seedlings

No. of No.of .

Treat. SFem remained abscission No. of Leaf Cholorophll P K Ca Na Cl Zn B
diameter total leaf  area index

leaves leaf
Unit mm - - - cm? % mg kg
Sg 5.588*  32.00° 1.625® 33.63 11.75" 65.45° 0.294° 2.455° 1.631° 0.0305" 2.529" 44.99° 272.7°
Siz 5.669*  32.17° 1.750% 33.96" 11.55* 64.62° 0.277° 2.347° 1.590° 0.0666° 2.415° 42.83% 263.4°
Si6 5.550°  30.81° 1.375° 32.17° 11.00° 68.27° 0.353" 2.822% 1.483" 0.0680* 2.917*° 52.32° 304.4"

Sg- 8 dS/m, 812:1% dS/m, 816:16 ds/m
A3 e ls e 10 Jlazl o 53 LSD 0ge5T elal y ailie b Bs > b Ot 2 3 b Sl
Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Fig 2. The effect of different salinity levels on pistachio stem heght (cm) (Aol =C 5 sy g b glns = By ¢ o pLd JIST Lo o pokonly SIS =

Fig 2. Figure 3. The effect of strain type on stem heght (cm) (B1= Virgibacillus
marismortui, B2= Alkalibacillus haloalkaliphilus, B3=Mixed of two strains in
equal proportion, C=Control)

Ko 6‘#&5\-@"5 &uf‘rﬂ\.’&j ‘;.’.‘o*j) olie ‘;5-,3,3 VjJ ;‘ A JJJP:
Table 6. Effect of varity on some vegetative paramters and nutritional elements of pistachio seedlings

Treat. Islz:?g}llt (Slitzﬁeter E:(r)r.l;ifled leaves {a\{)os.é)ifssion leaf E)(t)é;l()lf:af I:r:zi Sll(lizlfrophll P K Ca Na cl Zn B

Unit cm mm - - - cm? - % mg kg

Da 24,625 5.474° 29.264° 1.556 30.833° 10.106° 66.215° 0.311° 2.555° 1.307° 0.089° 2.634* 46.97" 281.29°
Ak 27.236" 5.731° 34.056" 1.611° 35.667" 12.761° 66.014° 0.306 2.528° 1.828* 0.021° 2.606 46.45° 279.03*

Ak= Akbari var., Da=Daneshmandi Var.
A3l el gnn 10 Jlazl o 53 LSD §ge3T bl il b Gy b O o s Sk
Means in each column with different letters are significant based on the LSD test at the 5% probability level.
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Table 7. Interaction effect of salinity levels and varity on some vegetative paramters and nutritional elements of pistachio seedlings

4:...\.1dudkjladll&fﬁhﬁ‘,giﬁ})o&wu&ﬁﬁ‘JJJL;)}&C}E.»J#E;«;‘.V NPRES

Treat. }Sl;[!?g;lt izrrﬁeter ?&I:?ﬁ;iied leaves i)os.((:)igsion leaf E)(t)éloliaf i(il}(li(;l;mphll P K Ca Na c Zn B
Unit cm mm - - - - % mg kg!
SgxDa 27.33 5.787° 30.13° 1.583° 31.71¢ 66.60° 0.318" 2.605" 1.447¢ 0.0549° 2.688" 47.98" 285.7°
Sgx Ak 27.83° 5.387° 33.88" 1.667° 35.54° 64.30° 0.271° 2.306° 1.814° 0.0062¢ 2.371° 42.00° 259.8°
S;»xDa 23.21¢ 5.292° 29.04¢ 1.167° 30.29° 64.33° 0.271° 2.310° 1.130° 0.1332° 2.375° 42.08° 260.1°
Si:xAk 28.83° 6.046" 35.29° 2.333° 37.63° 64.91° 0.283° 2.385° 2.050° 0.0000° 2.454° 43.58° 266.6°
Si¢xDa 23.23¢ 5.342° 28.63¢ 1.917° 30.50° 67.71° 0.341% 2.749™ 1.345° 0.0797° 2.840% 50.86™ 298.1%
S1exAk 25.04° 5.758" 33.00° 0.833° 33.83° 68.83° 0.364° 2.894° 1.620° 0.0564° 2.994° 53.78" 310.7°

Sg- 8 dS/m, S;,=12 dS/m, S;,=16 ds/m s Ak= Akbari var., Da=Daneshmandi Var

A3 g ls s 1.0 Jlazl prlane 53 LSD 05031 el alis b s b Ot a3 LSSl
Means in each column with different letters are significant based on the LSD test at the 5% probability level
Gy Sdlls alde ol 5 (g Slho (S 6 SL s 1A Jge
Table 8. Effect of strain type on some vegetative paramters and nutritional elements of pistachio seedlings

Treat. (Slitzﬁeter g?ﬁzfifled leaves Iig.s(::fssion leaf ?(I);lolt;af él;reee;f Sll(lizlfrophll P K Ca Na cl Zn B
Unit mm - - - cm? - % mg kg
B, 5.769* 29.25¢ 2.806 32.11° 11.63 65.41° 0.294° 2.451° 1.606" 0.0539b° 2.524° 44.89° 272.3°
B, 5.642%" 31.14° 1.528° 32.67° 11.34 64.50° 0.275 2.332° 1.550° 0.0457° 2.399° 42,53 262.1°
B; 5.500° 33.06° 1.028° 34,08 11.15° 67.47° 0.336° 2.718° 1.512° 0.0644° 2.807° 50.25° 295.4°
C 5.479° 33.19° 0.972° 34.14° 11.61° 67.07° 0.328" 2.665° 1.603* 0.0561% 2.751° 49.19° 290.9°

B,= Virgibacillus marismortui, By= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal proportion, C=Control

Al ol gxe 10 Jlazsl o 53 LSD O3l bl il e Gog o b Ot o 5o Lo Sils
Means in each column with different letters are significant based on the LSD test at the 5% probability level
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Table 9. Interaction effect of salinity levels and strain type on some vegetative paramters and nutritional elements of pistachio seedlings

No. of No.of .
Treat. Stem height iitzrnr:e ter remained abscission E;‘ of total Leaf area i(;ll;(i;)mphﬂ P K Ca Na Cl Zn B
leaves leaf
Unit cm mm - - - cm? - % mg kg!
SsxB 25.58¢ 5225 29.25° 2.250° 31.50°% 10.27¢ 65.98"¢ 0.305%¢ 2.524%4 1.339¢ 0.0723% 2.602%¢ 46.37%¢ 278.7%¢
SsxB, 27.42° 5.717% 31.42°¢ 1.083 32.50%" 12.75° 61.39° 0.211° 1.929° 1.826° 0.000¢ 1.971¢ 34.44° 277.1°
SgxBs 32.25° 5.775% 34.00° 1.917° 35.92° 12.05° 67.04% 0.327% 2.662% 1.689° 0.0150" 2.748% 49.12% 290.6"
SgxC 25.08% 5.633" 33.33% 1.250% 34.58% 11.95¢ 67.39" 0.334% 2.707% 1.669° 0.0349° 2.796 50.03% 294.5%
S1»¥B, 30.58° 6.225° 31.17% 3.083¢ 34.42% 13.45° 65.58¢cd 0.297¢ 2473 1.964° 0.0125% 2.5474 4533 2742
S1xB, 23.33f 5.633% 32.25% 2.167° 34.42% 10.03¢ 59.54¢ 0.172° 1.689° 1.293¢ 0.0986™ 1.716° 29.64° 206.3°
S12%Bs 25.92¢ 5.533¢e 32.000% 0.833% 32.83¢ 11.83° 67.35% 0.334% 2.702% 1.646° 0.0690¢ 2.790% 49.92% 294.0%
SixC 2425 5.283%f 33.25% 0.916% 34.17% 10.87¢ 66.00>¢ 0.306>¢ 2.527%d 1.456° 0.0861% 2.604%¢ 46.42%¢ 278.9%¢
S16¥By 25.834 5.858° 27.33f 3.083¢ 30.42¢ 11.17¢ 64.68¢ 0.278¢ 23554 1.515¢ 0.0770% 24224 42.97¢ 264.0¢
S16¥B; 21.83¢ 5.575%4 29.75% 1.333° 31.08'% 11.25¢ 72.57° 0.441° 3.380° 1.532¢ 0.0385° 3.509* 63.49° 352.8°
S16¥Bs 23.17° 5.192f 33.17% 0.333¢ 33.50%¢ 9.567" 68.03° 0.348° 2.791° 1.202f 0.109* 2.884° 51.70° 301.7°
S16xC 25.924 5.575%d 33.00a° 0.750% 33.67%¢ 12.02¢ 67.81° 0.343° 2.761° 1.682¢ 0.0475¢ 2.853° 51.11° 299.2°

Sg- 8 dS/m, S;,=12 dS/m, S;¢=16 ds/m, B= Virgibacillus marismortui, B,= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal proportion, C=Control
Al o ol gnn 10 Jlazl prlaw 53 LSD 0 ge3T bl y alie b Gy b 05 o s by Sk
Means in each column with different letters are significant based on the LSD test at the 5% probability level
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Table 10. Interaction effect of variety and strain type on some vegetative paramters and nutritional elements of pistachio seedlings

No. of

Treat. Ste.:m remained NO'O.f . No. of Leaf area .ChOIOTOphll P K Ca Na Cl Zn B
height leaves abscission leaf total leaf index

Unit cm - - - cm? - % mg kg!

DaxB, 24.22% 27.72° 1.889° 29.724 9.844° 66.12° 0.308° 2.542° 1.256 0.099° 2.621° 46.72° 280.2°
DaxB, 24.78¢ 29.67% 1.500% 31.17° 10.94¢ 63.86° 0.262° 2.248° 1.472¢ 0.0657¢ 2.310° 40.85° 254.8°
DaxB, 26.17° 30.28 1.278° 31.56° 10.12° 69.07° 0.369° 2.925° 1.311° 0.0793° 3.027° 54.40° 313.4°
DaxC 23.33¢ 29.39¢ 1.556 30.89% 9.511° 65.82° 0.302° 2.503° 1.191° 0.112° 2.579° 45.94° 276.8°
AkxB, 30.44° 30.78° 3.722° 34.50° 13.41° 64.71% 0.279% 2.359% 1.956" 0.008¢ 2.427% 43.07% 264.4%
AkxB, 23.61° 32.61° 1.556 34.17° 11.74° 65.15% 0.288% 2416 1.629¢ 0.025" 2488 44.21% 269.3%
AkxBs 28.06° 35.83" 0.777¢ 36.61° 12.18° 65.88° 0.303° 2.511° 1.714° 0.049° 2.588" 46.10° 277.5°
AkxC 26.83° 37.00° 0.388¢ 37.39° 13.71° 68.32° 0.354° 2.827° 2.014a 0.0000¢ 2.923° 52.43° 304.9°

Sg- 8 dS/m, S;,=12 dS/m, S;¢=16 ds/m, Ak= Akbari var., Da=Daneshmandi Var., B;= Virgibacillus marismortui, By= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal
proportion, C=Control

A3l e ol gnn 10 Jlazl o 53 LSD 0 ge3T bl il b Gy b O o s by Sk
Means in each column with different letters are significant based on the LSD test at the 5% probability level
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Figure 4. Effect of bacterial strain and variety on stem diameter (mm)
(B'= Virgibacillus marismortui, B,= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal proportion, C=Control)
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Figure 5. The effect of salinity levels (dS m™) and variety type on the average number of remained leaves
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Table 11. Interaction effect of salinity level, variety and strain type on some vegetative paramters and nutritional elements of pistachio seedlings

No.of

No. of remained

No. of total

Cholorophil

Treat. Stem height ~ Stem diameter abscission Leafarea . P K Ca Na Cl Zn B

leaves leaf leaf index
Unit cm mm - - - cm? - % mg kg!
SgxDaxB; 25.50% 5.500d°" 31.83 %N 0.500" 32.33h0 9.367" 67.30°% 0.333¢ 2.695% 1.162Y 0.119¢ 2.783% 49.79°% 293.5%
SgxDaxB, 29.67% 6.150° 29.00¢ 1.667°% 30.67% 12.57¢ 62.23" 0.228%" 2.038" 1.790%  0.0000" 2.086" 36.63" 236.6"
SgxDaxB; 31.00% 5900 29.17¢ 2.667% 31.831 11.03# 67.88% 0.345% 27714 1.490¢ 0.0301¢ 2.863 51.31% 300.0%
SgxDaxC 23,174 5.600%" 30.50" 1.500°% 32.001 10.30" 69.00 0.368" 2916 1.346" 0.0698" 3.017% 54.21% 312.6%
SgxAkxB, 25.67 4950" 26.67 4.00" 30.67% 11.17¢ 64.67°%" 0.278°% 2354 1.515¢ 0.0248¢ 2421 4295 963 gefeh
SgxAkxB, 25.17¢0 5.283%" 33.83%f 0.500" 3433 12.93% 60.55' 0.193" 1.819' 1.862%  0.0000" 1.855' 32.26' 217.6'
SgxAkxBs 33.50° 5.650%f 38.83° 1.167%" 40.00% 13.07°%  66.20%% 0.310%%" 2553l 1.888¢  0.0000" 2.632°%0  46.94% g 1edf
SgxAkxC 27.00%% 5.667°%" 36.17° 1.00& 37.17¢ 13.60° 65.78% 0.301%f 2.498%f 1.993° 0.0000" 2.575%%  4585%  76.4%k
SizxDaxB; 28.17% 5.783bd 30.83"k 1.833¢ 33.00%  11.438 67.85% 0.344% 2.767% 1.568¢ 0.02508 2.859% 51.22¢ 299.7¢
SpxDaxB,  20.67™ 5.500%f 30.001 0.666" 30.67% 7.933™ 56.60' 0.1121 1.307 0.881™  0.1973° 1.312 22.00° 173.3
SpxDaxB;  23.33M 5.417°% 30.175% 0.500" 30.67% 9.033 67.78% 0.343 27584 1.097%  0.1382%¢ 2.850% 51.05% 298.9%
SipxDaxC 20.67™ 4467 25.17" 1.667°% 26.83 8.400I™  65.08%fh 0.2874f 2.408dfeh 0.972!™  0.1723° 2.478%Eh 44 03%h D68 goleh
SpxAkxB;  23.00° 6.667° 31.50%" 4333° 35834 1547° 63.3210 0.250%" 2.178M 2.359° 0.0000" 22368 39.44%h  p4g 7N
SpxAkxB,  26.00% 5.767%% 34.50%% 3.667" 38.17% 12.13f 62.48" 0.233¢ 2.070™ 1.705° 0.0000" 2,121 37.28" 239.4M
SpxAkxB;  28.50% 5.650%f 33.83%f 1.167%" 35.00%  14.63° 66.92°% 0.325¢ 2.646% 2.195° 0.0000" 2.731%% 48.80°* 289.2%4¢
S1xAkxC 27.83%f 6.100% 41.33° 0.166' 41.50° 13.33% 66.92°% 0.325¢ 2.646% 1.940¢¢  0.0000" 2.730% 48.80°* 289.2%4¢
SiexDaxB; 19.00" 4.933" 20.50™ 3.333% 23.83™ 8.7334 63.20% 0.248" 2.163% 1.0384 0.1542% 2.220% 39.148 247 .48
SiexDaxB;,  24.00™ 5.783bde 30.000% 2.167% 32,17 12.33f 72.73¢ 0.445° 3.401° 1.744° 0.0000" 3.531° 63.91° 354.5°
SiexDaxB;  24.17"k 5.400°% 31.508" 0.666" 32.17"  10.30" 71.55% 0.420® 3.247% 1.346" 0.0698" 3.368% 60.83% 341.2%
S1exDaxC 26.17% 5.250%" 32.50°% 1.500°% 33.83% 9 g33M 63.37%0 0.251%" 2.185%M 1.254" 0.0950° 2.242%0 39 5gfhi 949 3feh
SiexAkxB;  32.67" 6.783° 34.17%% 2.833 37.00%  13.60° 66.15°% 0.309°%f 2.546 1.993¢ 0.0000" 2.625%C% 4680 280.6°f
S16xAkxB, 19.67" 5.367¢" 29.50% 0.500" 30.00 10.17" 72.42° 0.438" 3.359° 1.319" 0.0770° 3.487° 63.08" 351.0°
SiexAkxB;  22.17™ 4.983% 34.83% 0.0000' 3483 g.833M 64.52°%h 0.275% 2.334°h 1.058™  0.1487¢ 2.401°%h 42 570 gD pefeh
SiexAkxC 25.67%" 5.900*¢ 33.50%"% 0.0000' 33.50¢" 1420 72.25°% 0.435° 3.338° 2.110° 0.0000" 3.464° 62.65° 349.1°

Ak= Akbari var., Da=Daneshmandi Var., B,= Virgibacillus marismortui, B,= Alkalibacillus haloalkaliphilus, B;=Mixed of two strains in equal proportion, C=Control

Means in each column with different letters are significant based on the LSD test at the 5% probability level
A3 e ls e 10 Szl o 53 LSD 05051 olal y aoliia b s b 052 2 2 b Sl
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Figure 6. Effect of salinity levels (dS m™) and variety type on leaf area (cm?)
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	20
	92.5
	0.2
	11.6
	38
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	Cl
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	25.04c
	S16×Ak
	Cholorophil index
	Leaf area
	No. of total leaf
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	0.294b
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	11.63a
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	2.806a
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	5.769a
	B1
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	42.53b
	2.399b
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	mm
	cm
	Unit
	278.7bcd
	46.37bcd
	2.602bcd
	0.0723cd
	1.339e
	2.524bcd
	0.305bcd
	65.98bcd
	10.27e
	31.50efg
	2.250b
	29.25e
	5.225ef
	25.58d
	S8×B1
	277.1e
	34.44e
	1.971e
	0.000g
	1.826b
	1.929e
	0.211e
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	32.50def
	1.083cd
	31.42c
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	1.917b
	34.00a
	5.775bc
	32.25a
	S8×B3
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	2.796bc
	0.0349e
	1.669c
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	0.334bc
	67.39bc
	11.95c
	34.58ab
	1.250cd
	33.33ab
	5.633bc
	25.08de
	S8×C
	274.2cd
	45.33cd
	2.547cd
	0.0125fg
	1.964a
	2.473cd
	0.297cd
	65.58cd
	13.45a
	34.42ab
	3.083a
	31.17cd
	6.225a
	30.58b
	S12×B1
	206.3e
	29.64e
	1.716e
	0.0986ab
	1.293e
	1.689e
	0.172e
	59.54e
	10.03e
	34.42ab
	2.167b
	32.25bc
	5.633bc
	23.33f
	S12×B2
	294.0bc
	49.92bc
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	0.0690d
	1.646c
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	0.334bc
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	32.83cde
	0.833cde
	32.000bc
	5.533cde
	25.92d
	S12×B3
	278.9bcd
	46.42bcd
	2.604bcd
	0.0861bc
	1.456d
	2.527bcd
	0.306bcd
	66.00bcd
	10.87d
	34.17bc
	0.916cd
	33.25ab
	5.283def
	24.25ef
	S12×C
	264.0d
	42.97d
	2.422d
	0.0770cd
	1.515d
	2.355d
	0.278d
	64.68d
	11.17d
	30.42g
	3.083a
	27.33f
	5.858b
	25.83d
	S16×B1
	352.8a
	63.49a
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	0.0385e
	1.532d
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	31.08fg
	1.333c
	29.75de
	5.575bcd
	21.83g
	S16×B2
	301.7b
	51.70b
	2.884b
	0.109a
	1.202f
	2.791b
	0.348b
	68.03b
	9.567f
	33.50bcd
	0.333e
	33.17ab
	5.192f
	23.17f
	S16×B3
	299.2b
	51.11b
	2.853b
	0.0475e
	1.682c
	2.761b
	0.343b
	67.81b
	12.02c
	33.67bcd
	0.750de
	33.00ab
	5.575bcd
	25.92d
	S16×C
	No. of remained leaves
	Cholorophil index
	No. oftotal leaf
	No.of abscission leaf
	Stem height
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Leaf area
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	cm
	Unit
	280.2b
	46.72b
	2.621b
	0.099b
	1.256ef
	2.542b
	0.308b
	66.12b
	9.844ef
	29.72d
	1.889b
	27.72e
	24.22de
	Da×B1
	254.8c
	40.85c
	2.310c
	0.0657d
	1.472d
	2.248c
	0.262c
	63.86c
	10.94d
	31.17c
	1.500bc
	29.67cd
	24.78d
	Da×B2
	313.4a
	54.40a
	3.027a
	0.0793c
	1.311e
	2.925a
	0.369a
	69.07a
	10.12e
	31.56c
	1.278c
	30.28cd
	26.17c
	Da×B3
	276.8b
	45.94b
	2.579b
	0.112a
	1.191f
	2.503b
	0.302b
	65.82b
	9.511f
	30.89cd
	1.556bc
	29.39d
	23.33e
	Da×C
	264.4bc
	43.07bc
	2.427bc
	0.008g
	1.956a
	2.359bc
	0.279bc
	64.71bc
	13.41a
	34.50b
	3.722a
	30.78c
	30.44a
	Ak×B1
	269.3bc
	44.21bc
	2.488bc
	0.025f
	1.629c
	2.416bc
	0.288bc
	65.15bc
	11.74c
	34.17b
	1.556bc
	32.61b
	23.61e
	Ak×B2
	277.5b
	46.10b
	2.588b
	0.049e
	1.714b
	2.511b
	0.303b
	65.88b
	12.18b
	36.61a
	0.777d
	35.83a
	28.06b
	Ak×B3
	304.9a
	52.43a
	2.923a
	0.0000g
	2.014a
	2.827a
	0.354a
	68.32a
	13.71a
	37.39a
	0.388d
	37.00a
	26.83c
	Ak×C
	No.of abscission leaf
	Cholorophil index
	No. of total leaf
	No. of remained leaves
	B
	Zn
	Cl
	Na
	Ca
	K
	P
	Leaf area
	Stem diameter
	Stem height
	Treat.
	mg kg-1
	%
	-
	cm2
	-
	-
	-
	mm
	cm
	Unit
	293.5de
	49.79cde
	2.783cde
	0.119d
	1.162ij
	2.695cde
	0.333cde
	67.30cde
	9.367ij
	32.33hij
	0.500hi
	31.83fghi
	5.500def
	25.50ghi
	S8×Da×B1
	236.6hi
	36.63hi
	2.086hi
	0.0000h
	1.790ef
	2.038hi
	0.228gh
	62.23hi
	12.57ef
	30.67jk
	1.667efg
	29.00k
	6.150b
	29.67cd
	S8×Da×B2
	300.0cd
	51.31cd
	2.863cd
	0.0301g
	1.490g
	2.771cd
	0.345cd
	67.88cd
	11.03g
	31.83ijk
	2.667cd
	29.17k
	5.900bcd
	31.00bc
	S8×Da×B3
	312.6bc
	54.21bc
	3.017bc
	0.0698f
	1.346h
	2.916bc
	0.368bc
	69.00bc
	10.30h
	32.00ijk
	1.500efg
	30.50hijk
	5.600def
	23.17ki
	S8×Da×C
	263.9efgh
	42.95efgh
	2.421efgh
	0.0248g
	1.515g
	2.354efgh
	0.278efg
	64.67efgh
	11.17g
	30.67jk
	4.00ab
	26.67i
	4950h
	25.67ghi
	S8×Ak×B1
	217.6i
	32.26i
	1.855i
	0.0000h
	1.862de
	1.819i
	0.193h
	60.55i
	12.93de
	34.33fgh
	0.500hi
	33.83def
	5.283fgh
	25.17ghij
	S8×Ak×B2
	281.1cdef
	46.94cdef
	2.632cdef
	0.0000h
	1.888cde
	2.553cdef
	0.310cdef
	66.20cdef
	13.07cde
	40.00ab
	1.167fgh
	38.83b
	5.650def
	33.50a
	S8×Ak×B3
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