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Table 1- Meteorological statistics of the growing season at the Agricultural Research
Stations of Gharakhail in 2018 and 2019

Cagb,

e alale 3, ©lele g goo . alale yuid
Ju obo Mea:i:ﬁ:-:’;ture Monthly olo yo LT ‘-I"'“" Monthly
Year Month C) precipitation  Sum of monthly Relative  eyaporation
(mm) of sunny hours humidity (mm)
(%)

2019-VY4A 53T 12 66.3 94.7 83 25.2
2018-)¥%Y  Dec.-Jan. 10.6 43.7 137 81 337
2019-YY4A o 9.3 112.2 143.8 78 25
2018-\¥3Y  Jan-Feb. 9.3 16.6 136.3 81 28.5
2019-YY4A R 9.3 116.9 141.3 81 35.6
2018-)Y3Y  Fap.-Mar. 8.7 110 1705 76 36.5
2019-V¥4A Al 10.5 95.7 148.9 77 48.8
2018-\Y4Y  Mar.-Ap. 10.4 737 132.7 78 377
2019-YY4A (2939,9 14.1 825 140.8 83 70.6
201878 Ap -May. 13.6 816 124.6 81 62.6
2019-YY4A g, 19.8 50.3 203.9 77 108.3
2018-Y73Y  May.-Jun. 19.3 35.9 169.9 78 115.2
2019-VY4A K Kyes 25.4 3 276.1 70 197.9
20188V jyn.jul. 25 11.4 278.8 72 183.7
2019-YY4A oY 27.2 58.6 191.6 77 151
201873 jyl-Aug. 26.9 412 270.8 73 177.8

S YAV la b o 318 65,5LaS Sligiod o] 5 (iale)] cows S oloaniisy b lasie - Jgus

YYaA

Table 2- Soil physico-chemical characteristics at the agricultural research stations of
Gharakhail in 2018 and 2019

el STosle T oS ; § s e
? 3z BB el Qi b s
Jle - OI9r . - iz BB pliy . PrIRo
. S Nitrogen  Organic  Organic npopable K Absorbablep <t
<= Soil %) Matter Carbon (mg.kg D) (mg.kg™) EC pH
texture (%) (*0) (ds.m?)
0.163
Ty o7 2.24 1.30 193 111 0.68 7.6
2018 Loam
WY 9160 220 1.28 118 133 0.58 7.80

2019 Loam
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Table 3- Analysis of variance of potato traits as affected by planting pattern and fertilizer
systems in two years

a9 Mean Square ol o o Siles
Ol ot g0 &3l &g glas,l Wy 5o oud Sluxs 39 ol a8l slusy
S.0.V. df Plant height Tuber number Gy
per plant Number of main

stems per plant
Jol Jl pedJle  JolJlw  pge Jlw  JglJlw  pgo Jle
Year 1 Year 2 Yearl  Year2 Year 1 Year 2
2 135.76 81.44 6.12 10.53 2.68 2.47

78.47 148.01™ 9.01" 1050  30.92™ 22.61™

Replication ,!,5s
Planting pattern cwls’ goJ1

Fertilizer systems gogs slopllis 6 138.16™  174.94™ 20.85™ 19.40™ 658"  6.38"
6955 plls X cubls 551 12 1488™ 1310  0.81™  101™  036™  0.48"™
Planting pattern x Fertilizer
systems
Error olois! 40 11.65 9.24 2.18 2.04 1.28 1.67
- 8.63 8.28 13.92 11.61 21.49 24.71

CV. %) &l s < 6

* ns

il e do s Ko g gy Jloiol a5 I gine M g o e i M Sl cus g
ns, *and **: are non-significant and significant at 5 and 1% probability levels, respectively.

=Y Jgus alsl
Table 3- Continued

4z Mean Square wle yo cmusibeo
Ol ek 2o &l o¥gil Jsb oué 3,Shas
S.0.V. df Stolon length Tuber yield
Jol b pge Jlw Jol Jbw pgs Jlw
Year 1 Year 2 Year 1 Year 2
Replication 1,55 2 33.30 3.20 58586426.3 311225316.9
2 67.05™ 26.51"" 81091128.1" 159646901.1"

Planting pattern cuils’ 95!

Fertilizer systems soo5 slapliss 6 1825 4551  143517014.2"  154420279.0™
6995 splla X cils oS! 12 0.75"™ 3.94m 11753376.4™ 10392885.9"
Planting pattern x Fertilizer systems
Error oLeis! 40 597 4.96 18368998 45381303
- 23.82 22.25 17.58 21.34

CV. %) &l s < 6

*%x % g

bl ge oy S g i Jliol mhaw (o jlo pme WS g s ge e NS Sl Cudga o
ms, " and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Table4-Meancomparison of potato trait asaffected by planting pattern & fertilizer systemin 2 years

ag el Agy y0 ous dlaxy ags 50 ol adlu sluws
Treatment ,les Plant height (cm) Tuber number per plant Number of main stems per plant
Joldlw  pgoJl Jol Jlw p9d Jlw Jol Jlw p9d Jbw
Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
Planting pattern cuils o5
0 s S 37.42° 33.66° 10.12° 11.83° 6.662 6.422
Sole potato
ML + oo o bglso 39.90% 37.712 11.372 13.122 4.47° 4,52°
Potato+ faba bean
intercropping
55 ,88450 *+ _Suo jomm bglse 41.232 38.662 10.39° 11.98° 4.66° 4,76°
Potato+ pea intercropping
6095 slapllss
Fertilizer systems
Control 555 3,15 pue 33.88° 29.66° 9.07¢ 10.14¢ 3.77° 3.88¢
Azetobacter yisbgl 4133  36.77™ 10.31b¢ 12.31° 5.11° 5be
Biochar ,l>gw 390.77%¢  38.88° 10.71° 12.70° 5.558 5.33%®
st bols 05 35.66%  33.11¢ 8.75¢ 9.86° 5b 4.77%
Chemical fertilizer
Slrgus + xSyl 45.382 39.44° 12.802 14.412 6.442 6.552
Azetobacter + Biochar
o 395 + ;5L 5 38.50%¢ 3577 10.36b¢ 14.40? 5b 5.22b
Azetobacter + Chemical
fertilizer
Sgm + o2l 395 42.11° 43.118 12.382 12.36° 62 5.88%

Chemical fertilizer+ Biochar

W o0 0 Jlisl mhaw (o SKaS L (6, gire Dl (S i By S Blas s sl Kils (g o 50
Means by the uncommon letter in each column are significantly (p<0.05) different.

-f Jguz axlol
Table4- Continued
ol Job saé 5 Sloc
Treatment o Stolon length (cm) Tuber yield (kg.ha%)

Yearl Js Jlo Year2 g5 Jlo Yearl Jg Jls Year2 s5n Jlo

Planting pattern cuils 451

0 s S 8.19° 8.71b 22267° 28905°
Sole potato
ML+ Swo jicamw bglsko 11.302 10.782 261612 34409*
Potato+ faba bean intercropping
(S5 790955 + o o gl 11.272 10.522 24675% 31354

Potato+ pea intercropping
Fertilizer systems g4 sbopllss

Control g5 5 ,,15 pue 7.66° 6.67¢ 19008¢ 23918°¢
Azetobacter Sl 3l 9.450¢ 8.40% 22209 308542
Biochar ;> g 10.75% 10.58% 20488¢d 33763
Chemical fertilizer o Luww 395 10.38% 8.81¢ 24362 291720
sgm + pSlgs 3l 12.222 13.612 297722 361782

Azetobacter + Biochar
2oy 095 + yiSLgi 31 11.10% 11.05° 27225% 319872

Azetobacter + Chemical fertilizer

Szgw + (o lowid 395 10.22@ 10.910 27510% 350202

Chemical fertilizer+ Biochar

W e 0 0 Jlisl maw jo SaSs b g pime @glds (S i By S Blas sl sl Kles 5w 2 )8
Means by the uncommon letter in each column are significantly (p<0.05) different.
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Table 5 - Analysis of variance of faba bean traits as affected by planting pattern and fertilizer
systems in two years

Mean Squarewlz w (sl

4y Gy gl G g gy y0 AN oluwi

u‘s;—-g \C;N ‘5;]137 Plant height Pod length Pgirnglr:r?ter

Jol Jle pes Jlw Joldbw  pgo Jle Jgl JLw pgs Jlw

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2

Replication 1,55 2 1.61 138.13 0.61 0.60 7.31 25.99
Planting pattern coils o1 1 62.90" 1061.02" 2.82" 3.04m 67.33" 28.17"
Fertilizer systems sos5 sl pllss 6 83.21™ 251.46™ 3.98™ 4.55m 2287 2917

6095 slapll X cbls’ o5l
Planting pattern x Fertilizer 6 251" 74.20™ 1.90% 216 0.32% 3.33®
systems
Error ol 26 13.25 38.20 4.39 2.42 5.07 4.84
C.V. (%) &l s <oy - 4.42 8.73 14.58 9.90 17.53 18.25

*% % g

Bl ge oy S g i Sl mhaw (ol pe WS g o s e NS Sl s g4 o g
ns, *and **: are non-significant and significant at 5 and 1% probability levels, respectively.

-0 Jgus aoldl

Table5- Continued

Mean Square e yo ¢ssibeo

. axye G o Al olasy ML o Slos
Oy gacko . ;
SOV &3] Seed number per pod Pod yield
df Jol JLw 9o Jlw Jol JLw 9o Jlw
Year 1 Year 2 Year 1 Year 2
Replication I 55 2 0.08 0.06 673585.3 598769.83
Planting pattern cusls o1 1 12.05™ 2.05™ 95144595.5™ 18287940.72"™
Fertilizer systems so45 slapll 6 2.87" 2,717 17311788.0™ 10044218.55™
ol X cuils oK . «
6295 Slaplls X s 55 6 0.25" 0.05"™ 3007598.9 2775541.35
Planting pattern x Fertilizer systems
Error sleus! 26 0.33 0.24 1036441.9 1077677.7
C.V. (%) &l i <oy - 13.24 10.38 6.02 5.11

*%x * g

Bl oo do)s S g i Sl mhaw (o s pe BB g o se e IS Sl cuspa ¢ g
ms, " and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Table 6- Mean comparisons of faba bean traits as affected by planting pattern and fertilizer
in two years systems

aigr glay,l S Job
Treatment Lo Plant height (cm) Pod length (cm)
Jol JL pgs Jlw Jol JLw P9 JLw
Year 1 Year 2 Year 1 Year 2
Planting pattern culs ¢!
NE 81.15° 65.70° 14.102 15.442
Sole faba bean
M5l + oo jims bgloo 83.602 75.752 14.622 15.982
Potato+ faba bean intercropping
Fertilizer systems o5 slapllss
CoNtrol 355 5,5 pac 75.73¢ 61.28° 12.93° 14.31°
Azetobacter yisg;l 80.63 69.68° 14.46% 15.71%
Biochar L gu 81.91° 69.88" 14.46%® 15.18°
Chemical fertilizer g Loxd 395 82.03P 68.46 13.95% 15.66%
Sl g + Sl 84.83%® 75.26%® 15.452 17.182
Azetobacter + Biochar
o2 bouid 995 + yiSlygi 3l 87.61° 82.10? 15.10% 16.08%
Azetobacter + Chemical fertilizer
Sgm + sl 398 83.86® 68.40" 14.21% 15.862°

Chemical fertilizer+ Biochar

W, e 0 0 Jlais ] mhaw o S0SG b (g)ls g Dglis (S i B SO JBlas lls sl Sl (gt yo 0
Means by the uncommon letter in each column are significantly (p<0.05) different.

-# Jeus alol
Table 6- Continued

Agr yo AUE olawy SUE o ailo olasy
Treatment Lo Pod number per plant Seed number per pod
Jaol Jbw pes Jlw Jol Jw ey Jlw
Year 1 Year 2 Year 1 Year 2
Planting pattern cuils o5
Wby s 11.58° 11.23° 3.83° 4.50°
Sole faba bean
ML + oy bglsko 14.112 12.872 4.90? 4,942
Potato+ faba bean intercropping
Fertilizer systems 545 slapll
Control 545 5 5,5 pas 10.46¢° 8.87¢ 3.63¢ 3.78¢
Azetobacter sl 3l 11.75¢% 10.73% 4.28% 4.43%
Biochar ,l>g. 11.87¢ 10.09°¢ 3.81« 4.30%
Chemical fertilizer b 395 11.82¢ 12.77% 3.85¢ 4,55
Slrgw + xSl 14.70% 14.102 5.518 5.852
Azetobacter + Biochar
ot bouis 395 + yiSligi 3l 16.06? 14.882 4500 4,93
Azetobacter + Chemical fertilizer
Szgw + (o lowid 395 13.26 12.91% 5.01%® 5.20°

Chemical fertilizer+ Biochar

W o0 0 Jliisl w0 K085 L (g)ls g Dglds (S i B SO Bl slls sl Sl g o 50
Means by the uncommon letter in each column are significantly (p<0.05) different.
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Table 7- Analysis of variance of pea traits as affected by planting pattern and fertilizer systems in

two years
Mean Squarewlx yo ¢sslee
. - A gs 50 ML sl
axy0 & L, S
Ol i @ao . % €% Jo Pod number
S.0.V. sol3l Plant height Pod length per plant
df
Jol JLw £9 Jlw JolJlw  pgs Jlw Jal JLw 3 Jlw
Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
Replication ,I 55 2 214.30 18.00 0.89 0.11 10.32 2211
Planting pattern c.its go1 1 415.10" 357.29" 0.06" 0.004"s 20.58™ 18.76™
Fertilizer systems gos5 slopllii 6 406.48™  439.22" 1.09™ 1.25" 5.96™ 7.48™
6385 lapllai X cuidls’ o5
Planting pattern x Fertilizer 6 11.24"s 6.71"™ 0.02"s 0.12"s 0.78" 0.32"
systems
Error ol 26 82.84 74.72 0.23 0.39 0.71 1.06
11.86 11.11 6.03 7.89 9.003 9.12

C.V. O0) &l puii g i .

Bl ge doys S g Jlein mhaw (o o jixe IS g o pe e BB Sl (s S

ms, *and **: are non-significant and significant at 5 and 1% probability levels, respectively.

=Y Jgos alsl

Table 7- Continued

*% % ng
‘

Mean Squarewlx wo ¢sslee

e axyo ML o Al olaxy G o ,Slos
S 0V, &ol3! Seed number per pod Pod yield
df Jol JLw p9s Jlw Jol JLw 9o Jlw
Year 1 Year 2 Year 1 Year 2
Replication ,1,5s 2 0.56 2.20 960015.5 333763.87
Planting pattern cuils oS! 1 10.63™ 13.24™ 38850372.1"" 17634024.05™
Fertilizer systems sss5 sl eliss 6 1.40™ 2.88™ 22982938.3" 13556974.50™
$955 slapll X culs 5o 0.16™ 0.19™ 2844774.2" 2299805.23"
Planting pattern x Fertilizer systems
Error sl 26 0.34 0.37 702582.4 834120.5
- 9.57 9.23 9.74 9.79

C.V. (90) &l s gy

A3l e 0o )3 S gy Jlaiol mhaw (o s pme BB gl pse e VS Sl oS S

ms, " and **: are non-significant and significant at 5 and 1% probability levels, respectively.

*x x g
‘
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Table 6- Mean comparisons of pea traits as affected by planting pattern and fertilizer
in two years systems

aigr glay,l S Job
Treatment Lo Plant height (cm) Pod length (cm)
Jsl Jbw ps Jlw Jol Jlw pge Jlw
Year 1 Year 2 Year 1 Year 2
Planting pattern cusls g1
Wby s 73.59° 74.87° 8.05? 7.912
Sole faba bean
M + Souno e bglko 79.872 80.712 8.132 7.942
Potato+ faba bean intercropping
Fertilizer systems (gog5 sbopllss
Control 545 5 5,5 pus 64.96° 65.36¢ 7.33¢ 7.22¢
Azetobacter yistgs sl 69.30° 72.15% 8.09% 7.66%
Biochar ,l>gn 74.10% 73.93« 7.80b¢ 7.59b¢
Chemical fertilizer s bowis 395 74.98% 76.71% 8.492 8.29%
srgm + Sbgs 3l 83.75% 85.55% 8.31% gab
Azetobacter + Biochar
ot by 395 + ySLgi 31 87.862 90.91° 8.562 8.522
Azetobacter + Chemical fertilizer
S g + (o9 oy 395 82.17® 79.91k¢ 8.05% 8.20%

Chemical fertilizer+ Biochar
W, e 0 0 Jlasl mhaw 1o K085 b ()l g Dglis (S i B SO JBlas lls sl Sl (g 2 50
Means by the uncommon letter in each column are significantly (p<0.05) different.

-A Jgus daldl
Table 8- Continued

Agr yo AUE olawy SUE o ailo olasy
Treatment Lo Pod number per plant Seed number per pod
Jaol Jbw pes Jlw Jol Jbw ey Jlw
Year 1 Year 2 Year 1 Year 2
Planting pattern cuils o5
Wby s 8.66° 10.63° 5.65° 6.03°
Sole faba bean
ML + Swo jioamw bglsko 10.06? 11.972 6.662 7.152
Potato+ faba bean intercropping
Fertilizer systems o5 slapls
Control 545 5 5,15 pas 7.65¢ 9.45¢ 5.31¢ 5.19¢
Azetobacter yistgs sl 8.70¢ 10.72° 6.05° 6.45°
Biochar ,l>g. 9.18b¢ 11.10° 5.92b¢ 6.60°
Chemical fertilizer Lowis 395 9.65 11.45P 6.37% 6.73%
Slrgw + xSl 9.90% 11.36° 6.50% 6.71%
Azetobacter + Biochar
st Lo 395 + Sl ;! 10.812 13.122 6.842 7.422
Azetobacter + Chemical fertilizer
Szgw + o lowid 395 9.63b¢ 11.88° 6.11° 7.04%

Chemical fertilizer+ Biochar

W e, 0 Jliisl mhaa 5o K085 b (g)ls g Dglis oS i B> SO JBlas slls sl Sl g o 0
Means by the uncommon letter in each column are significantly (p<0.05) different.
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Figure 1- The effect of planting pattern and fertilizer systems in first year (A) and second year
(B) on pod yield of faba bean
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Means in each column were compared at 5% level of probability according to LSD test.

Slgw + L_,,_»L..o.....: 35 Fe (olbonds 595 + yiSkgss| Fs Glrgw + aSLgss Fa ‘x_s"L"""""" 598 F3 Glzgo F2 iSLgs | F1 wals Fo
Fo: Control, F1: Azetobacter, F2: Biochar, F3: Chemical fertilizer, Fa: Azetobacter + Biochar, Fs: Azetobacter + Chemical
fertilizer, Fs: Chemical fertilizer+ Biochar
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Figure 2- The effect of planting pattern and fertilizer systems in first year (A) and second year
(B) on pod yield of pea

BSole pea 55 og55 alls ooty AL
14000 A

BPea+Potato o jowast 55,8055

12000

10000

8000

6000

4000

Pod yield (kg.ha'l) &y o Sloe

2000

FO F1 F2 F3 F4 F5 F6

Fertilizer systems 55 sl

OSole pea 580555 jalls oty

BPea+Potato e jommt S H0 s a
12000 -

%oooo 1

4= (=) ]

] [ ]

] o] ]

=] =] =]
L L L

Pod yield (kg.ha'l) &S o
g
=
(=]

FO F1 F2 F3 F4 F5 F6
Fertilizer systems ss55 slapli

555,505 b (gl cire Sglés s y0 O Jleis| s ;0 LSD 5031 (slice 5o S i By S Jilas glls sla iy Silea
Means in each column were compared at 5% level of probability according to LSD test.
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Fo: Control, F1: Azetobacter, F2: Biochar, F3: Chemical fertilizer, Fa: Azetobacter + Biochar, Fs: Azetobacter + Chemical
fertilizer, Fs: Chemical fertilizer+ Biochar
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Abstract

In order to evaluate of yield and its components in the monocropping and
intercropping of potato with faba beans and peas under the application of biofertilizers,
organic and chemical fertilizers, a two-year field experiment (years 2018 and 2019) was
carried out as a factorial based on RCB design with three repetitions at Gharakhil
Agricultural Research Station. Treatments include different cultivation patterns (potato,
faba bean and pea monocropping and intercropping of potato+faba bean and
potato+pea) and the second factor was the application of fertilizer systems at seven
levels including no fertilizer, application of Aztobacter as a biofertilizer, biochar as a
organic fertilizer and urea as a chemical fertilizer, integrated application of 50%
Aztobacter biofertilizer + 50% organic fertilizer, integrated application of 50%
Aztobacter biofertilizer + 50% chemical fertilizer and integrated application of 50%
chemical fertilizer + 50% organic fertilizer. Yields of potatoes, faba beans and peas in
intercropping were superior to that of monocropping. Fertilizer systems had a very
significant effect on potato tuber yields in two years of experiment, when the results of
the mean comparison showed that the integrated application of biofertilizer + organic
fertilizer caused increasing potato yield (29772 and 36178 kg.ha™, respectively) in the
first and second years of the experiment.The most traits attributed to faba beans such as
the number of seeds in a pod, number of pods in a plant, length of pods, plant height and
the yield of green pods of faba beans were obtained in the planting pattern of
intercpping of faba beans + potatoes during two years. In addition, the results showed
that in the first and second year, the highest yield of green bean pods (20804.2 and
22801.3 kg.ha?, respectively) was obtained in integrated application of biological
fertilizer + organic fertilizer and the highest pea yields in the first and second year
(12104.6 and 11806.3 kg.ha®, respectively) were obtained from the intercpping planting
pattern of peas + potatoes along with the integrated application of chemical fertilizer +
biological fertilizer. According to the results of this experiment, intercropping and
integrated application of fertilizer increases the yield and yield components of all three
agricultural species.

Key words: Azotobacter, Biochar, Yield, Biodiversity.
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