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Article Info ABSTRACT
Article type: Background and Objectives: Potato (Solanum tuberosum L.) is a global
Full Length Research Paper  food crop, and Iran with more than 5 million tons of production, ranks 13"
among the world’s biggest producers of potatoes. Hamedan province is
. . also one of the main potato producers in Iran. In this crop, the yields of
Article history: . . S
Received: 01.03.2022 qgantlty and quality are very dependent on an adequate application of
Revised: 02.09.2022 nitrogen. However, the relatively shallow root system of the potato crop,
Accepted: 04.18.2022 coupled with its large nitrogen and water requirement increases the risk of
nitrogen leaching. Therefore, optimizing N consumption for potato is
important, both for maximizing production and for minimizing N loss to

Keywords: N groundwater. Sustainable agriculture can play a significant role in
Land equivalent coefficient,  achieving this goal. One of the methods for achieving sustainable
g/“:“t'p'e cropping, agriculture is to create diversity by using intercropping of different plants
otato,

in agriculture. Hence, the purpose of this experiment was to evaluate the
response of potato as well as the resources use efficiency to intercropping
with green bean.

Relative yield,
Urea fertilizer

Materials and Methods: The experiment was conducted as a factorial
based on randomized complete block design with three replications in 2016
growing season at the Research Farm of the Bu-Ali Sina University.
Planting patterns in four levels (potato sole cropping, planting green bean
between potato rows, planting green bean within potato rows, and planting
green bean between and within potato rows), and three levels of urea
fertilizer (0, 174 and 348 kg urea/ha) were the experimental factors. To
calculate the advantages of intercropping, the pure stand of green bean was
also cultivated in three replications. In intercropping, 50% of the density of
green bean was added to pure stand of potato. The tuber yield, percentage
and vyield of tubers in different size, leaf chlorophyll content of potato,
nitrogen and water use efficiency, as well as total relative yield (RYT) and
land equivalent coefficient (LEC) indices were calculated and evaluated.
SAS 9.1 software was used for analysis of variance (ANOVA)
calculations. Also, the difference between the means was evaluated by the
least significant difference (LSD) method at the level of 5% probability.

Results: The interaction of treatments on traits was significant except for
the number of main stems and tubers per plant. The highest number and
weight of root nodules were obtained from the green bean planting between
potato rows with consumption of 174 kg urea/ha, and the lowest values of
these traits (with 55.89 and 61.8% reduction compare to green bean
planting between potato rows with consumption of 174 kg urea/ha,
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respectively) were belonged to the green bean planting within potato rows
with consumption of 348 kg urea/ha. Also the highest potato leaf
chlorophyll (1.21 mg per fresh weight) was revealed at the green bean
planting between potato rows with consumption of 174 kg urea/ha.
Maximum total tuber yield and yield of commercial tubers (42.5 and 16
ton/ha, respectively) were revealed at the green bean planting between
potato rows with consumption of 348 kg urea/ha. However, this treatment
did not show a significant difference with the treatment of green bean
planting between potato rows at the fertilizer level of 174 kg urea/ha for the
traits of total tuber yield and yield of commercial tubers. Based on
economical vyield, the highest water and urea fertilizer use efficiency
(53.99 kg/mm, 132.10 kg/kg, respectively) were obtained from the
treatment of green bean planting between potato rows at the fertilizer level
of 174 kg urea/ha. The highest total relative yield (1.53) and land
equivalent coefficient (0.47) were also achieved from the green bean
planting between potato rows with consumption of 174 kg urea/ha.

Conclusion: Generally, green bean planting between potato rows with
consumption of 174 kg urea/ha compare to potato sole cropping with
application of 348 kg urea/ha, improved the yield of potato and the
efficiency of resources use. Therefore, it seems that this planting pattern is
low input agricultural techniques and in addition to the satisfactory
production can also reduce nitrogen chemical fertilizer consumption.
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profitability and productivity of potato by intercropping with green bean. Journal of Plant
Production Research, 29 (4), 101-1109.
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Table 1. Characteristics of the meteorological and soil physico-chemical of the experimental site.
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Table 2. Analysis of variance for the effect of planting pattern and urea fertilizer on N, fixation nodules,
chlorophyll content, branches and tuber of potato.

el Al 368 i S s S s Gy 0 Bl sl S 45 0 008
i ol o3 Nodule in green Pot“atoiléaf chI.0r£> hvil N. of stem in potato Tuber in potato
S ¥ ool bean root phy plant plant
S.0.vV
df Number nger Chl. a Chl.b Tcor:;al Main stem  Branches  Number  Weight
| S . « « . ¢
s 2 6.26™ 0.15 0.037 0.007 0.069 0.01™ 2.07° 0.07"* 196"
Replication
oS g S - - - - - - .
s 3 148 0.74 0.57 0.008 0.106 0.17™ 1.28 0.43" 1229
Planting pattern
D) 1 - . e ek *k EXd Hk
> 2 76 0.19 0232 0.032" 0.439 0.19"™ 11.23 0.49" 2417
Urea
e il « . « . *
& f 6 7.81 0.03 0.024 0.003 0.042 0.09™ 0.72 0.32"* 116"
Interaction
et
22 271 0.23 0.009 0.001 0.016 0.06 0.23 0.52 147
Error
R
(4s,3) 10.40 10.28 14.65 13.66 14.39 7.76 10.04 12.14 13.05
CV%
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Gl ¥ 5 Y i selusd 4l 53 08 3s s sl Sl (sl Blie 15 oS 6 S slT am s

* ** and ™ Significant at the 5% and 1% probability levels and no significant
¥ df of planting pattern and interaction for number and dry weight of nodules in green bean root is 2 and 4, respectively

3 JBa NS s 5 plag) ety s 55 050 eSSt slae 8 oyl 348 53 et S bl S 5 Kle amylie Y J g
‘;'.:A)w YR IST) aLs slaas

Table 3. Mean comparison for the effect of planting pattern x urea fertilizer interaction on N, fixation nodules
in green bean root, chlorophyll content and humber of branches in potato.

eolesd Al 536 S P TN ST W PN CY G g3l sl
25 S o Nodules in green been root Chlorophyll (mg/g fresh weight) o
. Urea ] o . b L . A
Planting pattern (kg/ha) sl SE 035 a sl bl s S Number of branches
Number  Dry weight (g) Chl.a Chl.b  Total Chl. per potato plant™
0 - - 0.41° 0.14¢ 0.55° 3.02°
o Rl i
e 174 - - 0.58" 0.22% 0.80° 4.39
Potato monoculture ,
348 - - 0772 0.28° 1.05* 4,92
. o 0 19.67° 1.06™ 0.59° 0.21° 0.80° 3.88¢
S S 3y et el )
Green bean between 174 22.67° 1.26° 0.89* 0.32% 1.21° 6.01%
potato rows 348 17.00° 0.96° 0.78 0.28° 1.06° 6.11°
L . ) 0 12.06% 0.58% 0.42° 0.14¢ 0.56° 4.22¢
e LP NS D) ;ML-)S
Green bean within 174 13.10° 0.58% 0.58" 0.21% 0.79° 5.30°
potato rows 348 10.00¢ 0.48° 0.76 0.27® 1.03° 5.41%®
S0 3 om el s 0 18.00° 1.01° 0.59° 0.21° 0.80° 4.33¢
R ) 174 19.30° 1.20® 0.60° 0.21 0.81° 5.51%
Green bean between

348 11.01% 0.72¢ 0.80° 0.29° 1.09* 5.54%®

and within potato rows
2,6 (LSD) ls e ¥l 8l g0 31 bl s (615 ins Dt il S e oy G il oS e Sils Ot a2
In each column, averages with at least one common alphabet have no significant difference based on LSD test
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g. 1. Means comparison for the effect of urea (A) and planting pattern (B) on potato tuber weight.
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Table 4. Analysis of variance for the effect of planting pattern and urea fertilizer on yield of potato and
percentagel/yield of tubers with different sizes.

R Fom 5l 5SS glaeds Sl slaess vem sl 5855 slaes
Sl b 1 b Tubers <4 cm Commercial tubers (4-7 cm) Tubers >7 cm
S0V @bt Tuber
df yield % Yield % Yield % Yield
J.J‘Q ns ns ns * # * *
2 9.84 5 0.12 27 10.28 44 23.58
Replication
s 3 101.85 220 1.35 20 9.13 120 52.47
Planting pattern
° ‘ ke ok Hk ok £ Kk Kk
o 2 486.00 1180 0.82 129 2121 530 278.80
Urea
e il . * * N = N .
i S 6 11.82 14 0.17 12 5.00 24 15.50
Interaction
Uas
22 3.84 12 0.06 6 2.08 9 7.46
Error
13) ol kS s
(h032) S o 2 9.56 12.31 12.20 9.24 10.08 14.00 15.18

CV%

)lbd“.mﬁ.&«jwjas_gi}@JL«b—léaM):)bf.ag_xJJﬁan}M%ﬁ
* **and ™ Significant at the 5% and 1% probability levels and no significant

Ny
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Table 5. Mean comparison for the effect of planting pattern x urea fertilizer interaction on yield of potato and
percentagelyield of tubers with different sizes.

, fom 5SS glaoks ol sl vem 5l 585 sleeds
xS o S o Tubers <4 cm Commercial tubers (4-7 cm) Tubers > 7 cm
. Urea ol
Planting pattern . . .
gp (kg/ha)  (ton/ha) % Yield % Yield % Yield
(ton/ha) (ton/ha) (ton/ha)
0 23.67f 48.3° 253 36.6° 12.31% 15.19 9.00
8 St [CEGIRAY
i o 174 33.49° 30.7% 2.07% 45.1%® 14.79% 24.2° 16.81%
Potato monoculture
348 37.67° 25.51 1.77% 46.5% 13.03° 28.0" 22.87°
) L 0 31.02% 37.3" 2.10% 42.7° 15.33%® 20.0% 13.73°
ot 3 Gy el
Green bean between 174 4151 2127 2.07% 46.8° 15.77° 320° 2347
potato rows 348 42 50° 18.7" 2.10"™¢ 46.2% 16.00° 35.1° 24.40°
i Ly 0 27.33° 43.4% 2.10 39.7° 13.07™ 19.9¢ 12.17¢
S 3 (S el
Green bean within 174 34.17° 283 1.60° 445 14,63 272 17.93%
potato rows 348 33.70° 29.7° 1.03' 48.3° 15.13® 220%  16.87
G355 ot el 0 28.53% 36.3° 267° 44.5° 10.35° 19.09  1553%
G 3, 174 37.51° 23.3% 2.50® 46.7° 15.30* 30.0° 19.67°
Green bean between and
within potato rows 348 41.67° 17.7" 2.40 47.3° 15.79° 35.0° 23.48*

2,16 (LSD) ls e Ml 3l & g051 olisd r (615 me Dt il S e oy G il oS e Sl Ot s 3
In each column, averages with at least one common alphabet have no significant difference based on LSD test

O W P U IS D@iﬁs WY G oae L
ciS b S s gslasl Ol Gy LS
VYA 5 IVE 3l os b im0 G el s)
S5 3 om olad CiS 5 S 3 0yl SHS
BERSYI czfjj-:s TIAN G s b minn <)
Al Dl G pme SIS 0 568 2 alie LS
g_.JT Sl ¢J§j15 YWY) sslasl s Slas
O3k 5 i Rl S sl 51 (3 eae
;.j e oIS @Lﬁ el s 35 G yne
5 (TLOsy 5 Pay) e les Ses ol
Sosba g golasl O G o wlis
WY G rze b pomda ) G ewlas) SIS
SRl iS4 el s s eyl p SHLS
5 TLOey ke 555 Gpae Ol sy
(5 Jsde) sls a5l Aosys OF 5 ¥4 1, TLOgy

Srots b CiS o S Ol o ke

Ny

Ol Gy LIS 10,0 355 5 Of G mas o8
3 \(PEY) ol s Slae alal yopsl 55
s8s S s escae (Pay) o3l
gsexe) (TLOBY) o355 5 (TLOgy) (solail
Sl 5 amle Gaolod 5 neicaw Jsae
(Pey) slasl s Shes gl O G me SLIS i
s Sles IS 55 5 esows (Pay) o3 s
(TLOgy) (TLOgy) (3l
D5 ol blize S5 oyl iS5 sbess
O Giae SLS o Ske (8 Jsdx) 35
O/44 5 ¥4/)4 3 5e) TLOgy 5 Pey sl
S i (s O e e S5kS
eSS YIA 2,08 L s s O el

S 3 el ) CAS 5 S 5 6l

0y 9

1- Economical yield of potato
2- Biological yield of potato
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Table 6. Mean comparison for the effect of planting pattern x urea fertilizer interaction on water and fertilizer
use efficiency.

(kg/mm) (WUE) T G yae 1l | (Kglkg) (FUE) o551 555 b o 8

s ¢S s
Planting pattern Urea * * * b * b o b
(kg/ha) Pev TLOey Py TLOgy Pey TLOey Pey TLOsy
0 27.39" 2739 863 8.63" i ) ) i
Q] Q] Q] Q]
S S ECINLY 174 38.77°  3877®  1161%  11.61° 56.51° 56.51¢ 14.76% 14.76°
Potato monaculture (29.35)  (29.35)  (25.67)  (25.67) (29.00)  (29.00) (1.96) (1.96)
448 4359°  4359° 1447  14.47° 40.12% 40.12° 14.47% 14.47°
(37.16)  (37.16)  (40.36)  (40.36) Q] Q] Q] Q]
0 35.88 4088  11.23°  13.70% i ) ) i
(23.66)  (33.00) (23.15)  (37.01)
e sy
S i) L el 174 48.03° 5399  1546°  18.40° 102.49°  132.10°  33.89° 48.49°
Green bean between (42.97)  (49.27) (44.18)  (53.10) (60.85)  (69.63)  (57.30)  (70.16)
potato rows
348 49.19*° 5318  1571°  17.68° 5412%  64.04% 17.56° 22.45¢
(44.32)  (4850) (45.07)  (51.19) (2587)  (37.35)  (17.60)  (35.55)
0 3164  3529° 971®  1150° i i i )
(1343)  (22.39)  (11.12)  (24.96)
2 Y 03 (6.9 el
ST TR S < 174 3954 4334°  1263%  1447° 60.35°  79.20°  19.83"  28.94°
Green bean within (30.73)  (36.80)  (31.67)  (40.36) (3352)  (49.34)  (27.03)  (50.00)
potato rows
348 38.16° 4117 12889  14.33° 26.73° 34.21° 10.53¢ 14.11°
(28.22)  (33.47)  (33.00)  (39.78) (-3337)  (-17.28)  (-27.23)  (-2.49)
0 33.02®  36.86° 1085 1272 i ) ) i
. Ly (17.05)  (25.69)  (20.46)  (32.15)
30 3 O e
e i3, 174 43.40° 4792  1363*  1582° 7950°  101.92°  2479®  3569°
Gree;\ béa;n bet;Neen (36.89)  (42.84)  (36.68)  (45.45) (4954)  (60.64)  (41.63)  (59.46)
and within potato rows ag 48238 5208 1560° 1747 517340 6130°  1727°  21.93°
(43.21)  (47.41)  (44.68)  (50.60) (2245)  (3455)  (1621)  (34.02)

BB

M)J&}@JW\@GM)JJ‘J&M%}Q; B
*and ** Significant at the 5% and 1% probability levels, respectively

2,6 (LSD) Jlssma ¥l Bl &g 51 olisd s (61 ns GOt il S e b G il a5 e Kils O st a3
In each column, averages with at least one common alphabet have no significant difference based on LSD test
Pey, TLOev, Psy and TLOgy: potato economic yield, P economic yield + green bean economic yield, P biological yield
and P biological yield + G biological yield, respectively
Sl 355 G5 pn s Sl 3 en S Sl S d ST e LIS 5 doss S Ot o 3 sl s sl Y
33 05l ¢SS TEA 3308 o 53 nsi Ll SIS ) 358 Gmn IS 3 g dss Sols Ot 2 3 5l s slast
sl S

ARIA
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Fig. 2. Values of total relative yield (RYT) and land equivalent coefficient (LEC) indices in intercropping of
potato with green bean.
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