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Background and Obijectives: Beans are highly effective in fixing nitrogen and
enhancing the fertility of agricultural soils due to their symbiosis with bacteria,
contributing large amounts of nitrogen to the soil annually after harvest. Pinto
bean (Phaseolus vulgaris L.) is one of the major pulse crops grown in Iran. It
is widely cultivated in dry and semi-arid regions. Cold stress is a major
challenge for global agriculture, especially in cold regions. In these areas, the
sowing date is delayed due to low temperatures or high moisture in the soil.
Consequently, the seed yield of pinto beans significantly decreases with
delayed sowing. Previous studies suggest that the application of chemical
fertilizers (particularly zinc and phosphorus) and bio-fertilizers can induce
early maturity under such conditions. Biofertilizers are important for
improving the qualitative and biochemical properties of plants by enhancing
soil quality, which is directly related to producing high-quality and functional
food. Their use is particularly valuable in the cultivation of common beans.
Phosphorous and zinc are the major potential yield-limiting nutrients in Iran.
The deficiency of these nutrients becomes even more serious in alkaline
calcareous dry soils. Another important aspect of P and Zn nutrition is the
interaction effect between them, especially in soils marginally deficient in
both elements. When P and Zn are applied together to such soils, crop yields
are reported to increase due to the positive interaction of P and Zn. Therefore,
considering the importance of the above, this study was conducted to assess
the effect of the combined application of different rates of P, Zn, and bio-
fertilizers on the yield and yield components of dry bean plants grown in a soil
deficient in P and Zn in the north of Fars province, Iran.

Materials and Methods: A factorial experiment was conducted based on a
randomized complete block design (RCBD) with three replications over two
growing seasons (2022 and 2023) to evaluate the effects of biofertilizer
application and different phosphorus and zinc fertilizer levels on the seed yield
and growth indices of pinto beans. The experimental factors were: (1)
phosphorus at three levels: the recommended rate based on soil test results
(P1), 30% above the recommended rate (P2), and 30% below the
recommended rate (P3); (2) zinc at three levels: the recommended rate based
on soil test results (Znl), 30% above the recommended rate (Zn2), and 30%
below the recommended rate (Zn3); and (3) biofertilizer at two levels: seed
inoculation with an inoculant containing Rhizobium, Azotobacter, and
arbuscular mycorrhizal fungi (AMF) (B1), and no seed inoculation (B0). The
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measured traits included seed yield, root colonization, growing degree days
(GDD), crop growth rate (CGR), 100-seed weight, seed nutrient contents (N,
P, K, and Zn), seed protein content, plant height, and number of pods per plant.

Results: The results of the analysis for some selected physical and chemical

properties of the soil used are given in Table 1. The soil has a silty clay texture,
an alkaline pH, and is calcareous with a calcium carbonate content of 25%.
The soil is non-saline with a low organic matter content (<5%) and is deficient
in total N content, which is typical for semi-arid soils. ANOVA revealed
significant (P < 0.01) effects of phosphorus, zinc, and bio-fertilizers on yield,
CGR, biomass (dry and fresh weight), and pod and seed counts per plant. The
highest yield (2170 kg hall') was recorded in the P1Zn2B0 treatment (30%
more P, 30% less Zn, and no inoculation). GDD averaged 1056 and 1088 in
the first and second years, respectively. The maximum CGR (5.5 g m[]?
dayl[1') occurred in inoculated seeds under the P2Zn3BO0 treatment. The
highest pod (14.3) and seed counts per plant (48) were observed in the
P3Zn3BO0 treatment, while seeds per pod peaked at 1.4 in the P3Zn2B0
treatment. The maximum plant height (94 cm) was observed in the P2Zn1B1
and P2Zn3B1 treatments. Seed phosphorus was elevated by bio-fertilizer
inoculation, and root colonization peaked at 72.7% in the P1Zn3B0 treatment.
The highest 100-seed weights were 46.2 and 50.7 g in the two years of the
experiment. The 100-seed weight was increased by zinc and bio-fertilizer
treatments, whereas phosphorus did not affect the 100-seed weight. Economic
analysis favored the P3Zn3BO0 treatment with the highest gross return (1255.8
Rials).

Conclusion: Bean responses to P, Zn, and biofertilizers were strongly dependent

on environmental conditions and nutrient interactions, with variations in grain
yield primarily associated with the seed number per plant. The inconsistent
effects of biofertilizers and year-dependent treatment responses highlight the
need for balanced, site-specific nutrient management rather than fixed
fertilizer rates. Seed nutritional quality was largely stable, while root
colonization suggested a potential contribution from indigenous mycorrhizal
populations. Overall, optimizing the P—Zn balance according to soil and
environmental conditions appears more promising than increasing fertilizer
inputs, although multi-year validation is required.
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Table 1. Some physical, chemical, and biological properties of the soil before conducting the experiment.
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Table 2. Combined analysis of variance the grain yield, relative growth rate, 100S eed weight, plant height and noumber of seeds per

plant.
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17.79 18.57 3.26 19.40 10.74 Coefficient of
Variation (%)

s I 2o NS g (6 lal Jlainl Zaoyd ) g /doyd 0 grdaw )3 I ime cudyi 4

#, %% Indicates that the effect of the experimental factors is significant at the 5% and 1% probability level and ns isn’t significant.
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Table 3. Mean comparison of grain yield, number of seeds per plant, plant height, 100-seed weight, and growth rate in the first

year.

Ay s g &y ae 39 ol gl ! gy 40 Aild dlaxy &ils 3 Shos o s,

Growth rate 100 seed weight Plant height Noumber of seeds Grain yield Treatr“nent R(;W

(gday™) (%) (cm) per plant (kgha')
0.7° 41.3° 79.3%° 46.7° 1913" P1Zn,Bo 1
1.3® 43.1%® 73.3%° 56.7° 2000" P:1Zn,B; 2
3.3 45.7% 79.3%° 55 2170" P1Zn,By 3
0.9° 42.5% 85% 55.3% 1956% P1Zn;B; 4
3.6% 43.1%® 76.7%° 50 1716° P1Zn3By 5
4.7% 43.4%® 85.7% 48° 1890* P1Zn3B; 6
2.2 42.1%® 762 61.7 2106° P,Zn;By 7
3.0% 40.8° 86%® 50.3% 1910%® P2Zn,B; 8
1.9 42.1%® 64.3" 57° 1813® P2Zn;By 9
2.3 44.1%® 70.73° 62.3 1983%® P,Zn,B; 10
5.5% 40.1° 728bc 64.3% 2140° P2Zn3By 11
2.5% 41.9® 91.7% 62.7¢ 2003 P,Zn;3B; 12
1.9 43.6% 69.3%° 41.7° 1970%® PsZn,By 13
3.9% 41.5® 79.3%° 62° 1906% PsZn,B; 14
2.6%® 45.0ab 713 56.7% 1853%® P3Zn,By 15
1.4% 46.2° 88.3% 38° 1823® P3Zn,B; 16
4.7 40.0° 57.7° 62.7¢ 1646° P3Zn3By 17
1.8 43.9® 79.7% 55? 1973® P3Zn3B; 18
4.40 5.39 26.27 28 432.22 LSD

2 89y 1ZN1S B 0l 5l 5168 Mo )3 Vo jhud IP3SE 905l 51yt 2o )3 Yoy (P2 g0l olwl p jhed IPLAS (o)l e BMS] aliie g b (slauSilie
G5 ) . Sile pas g ) a3gS by Siale cuip 4 1Bog BB (g0l il oS o yd Yo 69,1 ZN3uS B 905 5|yt dopd Yo (69, iZN2eS B 9051 ol

()6 gyt gailonl Sy By b (ol Sho
Means with the same letters are not significantly different. P;: phosphorus based on the soil test; P,: phosphorus at 30% above the soil-test

recommendation; Ps: phosphorus at 30% below the soil-test recommendation; Zn;: zinc based on the soil test; Zn,: zinc at 30% above the soil-
test recommendation; Zns: zinc at 30% below the soil-test recommendation; B; and Bo: seed inoculation with biofertilizers and no seed

inoculation, respectively. (Within each column, means followed by the same letter are not significantly different).
coielojl 995 Jlw 13 il ey g 41D w39 0LS gL ,1 cdigy 55 aild dlaai 3, Slos il Ao - Joua

Table 4. Mean comparison of grain yield, noumber of seeds per plant, plant height, 100 seed weight and growth rate in the second

year.

Sy e s T;;;‘;f ok £, Wg 4> s s 312 3 Slac o s,

Growth-rate weight Plant height Noumber of seeds per Grain y_|eld Treatment Row

(gday™) © (cm) plant (kgha®)
0.83%f0 49,12 76.3%¢ 516° 1537 P;1Zn,Bo 1
1.51¢ 50.76° 68t 256 15550 P1Zn,B; 2
378 48.26%¢ 7500 29.3¢%f 8101 P1Zn,B, 3
1.06%f 49,53 7800 1231 7357 P1Zn,B; 4
412 46.23 b 733 189" 14825 P;1ZnsBy 5
5.48 43.43¢ 85.7% 423 16255 P;1ZnsB, 6
2.52¢ 472bcd 73.3°%¢ 243" 1435¢% P,Zn:B, 7
3.49° 46.66 ™ 822 1131 1815%° P,Zn,B, 8
2.29° 49,06 %* 65t 86! 1650 P,Zn,Bo 9
2.7¢ 48.1%* 70t 1431 675 P,Zn,B; 10
1.06%" 48.9%* 70.7% 29.6% 1825% P,ZnsBo 11
0.29 46.7 o 96.3 26.3%f 1075 P,ZnsB; 12
1.18% 49.26 @~ 7200 86! 1417% PsZn;By 13
0.259 47 bed 807" 17 655¢ PsZn,B, 14
4.18° 46.06 © 69.3 346 5359 PsZn,By 15
2.29° 45,33 86 44 14700 PsZn,B; 16
0.76% 47.23"d 57.7° 33.3% 2135? PsZnsB, 17
0.37% 46.54 79.3%¢ 310 1460 PsZnsB; 18
0.28 1.65 9.79 357 1479 LSD

2595 1ZM «SB g0l 5l 568 Mo)d Yo jaud PaS B g0l ) b Mo )3 Yo jid PSS geil Lulul p hud P15 (gl ime V3] Ao By b (gla:Sileo

2 53) () dle pae g (e s83eS L,k 55 ale i 4 Bo 9 B « S 405l | 268 Mo )3 Yo (59,1728 (S 05l 5l i Ao )3 Yo 59y 120 (S 4051 ol

.(JJ)‘JJ d).imﬁ.? d,\;jl.o.mb C)L“&‘l d9)> L dl"u*i"*‘ O

Means with the same letters are not significantly different. P;: phosphorus based on the soil test; P,: phosphorus at 30% above the soil-test

recommendation; Ps: phosphorus at 30% below the soil-test recommendation; Zn;: zinc based on the soil test; Zn,: zinc at 30% above the soil-

test recommendation; Zns: zinc at 30% below the soil-test recommendation; B, and Bo: seed inoculation with biofertilizers and no seed
inoculation, respectively. (Within each column, means followed by the same letter are not significantly different.)
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Table 5. Growth degree days of Bean in Eqlid city in first year of the experiment.

R 392 R0 31250 » 3> 39
October September August July June Day

9 9.5 12 10.5 - 1
9 9.5 125 10 - 2
9 7.5 11 10.5 - 3
9 8 10 10 - 4
- 7 13 10 - 5
- 75 13 10 - 6
- 8 125 10 - 7
- 8.5 WY 10.5 - 8
- 8.5 125 10 - 9
- 9 10.5 10.5 - 10
- 8.5 115 10.5 - 11
- 85 10.5 12 - 12
- 9 115 115 - 13
- 9 11 12 - 14
- 9.5 11 11 - 15
- 10 11 14 - 16
- 10 11 13 - 17
- 9.5 12 125 - 18
- 9.5 125 12 - 19
- 10 11 125 - 20
- 9.5 13 125 - 21
- 9 8.5 10 - 22
- 9 10 9.5 - 23
- 9 10 10 - 24
- 9 10 9.5 10 25
- 8.5 10 9.5 10 26
- 8.5 8.5 10 10 27
- 10 10 10 10.5 28
- 8.5 9 10 10 29
- 8.5 95 10 11 30
- 8 9.5 105 105 31
36 274 340 334.5 72 Esano

1056.5 Totéil
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Table 6. Growth degree days of Bean in Eqlid city in second year of the experiment.

R 29 e 3120 ”» al3y5 392
October September August July June Day

75 10 175 10.5 1
6.5 11 16.5 10.5 2
5.5 115 17 9.5 3
6.5 11.5 14 10 4
5 11 135 115 5
- 10 13 11.5 6
9 125 115 7
10.5 12.5 13 8
10.5 13 9.5 9

10 12.5 10 10

10.5 11 10 11

115 12 115 12

13 125 10.5 13

10 11 12.5 14

9.5 10.5 12 15

11.5 10 11 16

11 11 115 17

10.5 14 11.5 18

10 10 12 19

8.5 8.5 11 20

10.5 8.5 11 21

10 8 12 22

9.5 7 12 23

8.5 7.5 115 - 24

8 5 11 10 25

7 5.5 12.5 9 26

6.5 5.5 115 8 27

6 6 11.5 7 28

7 8 13 8.5 29

75 11 13.5 10 30

8 10.5 14 10 31

10885 ooz
Total
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Table 7. Analysis of variance of the effects of treatments on seed nutrient concentrations, seed protein content and root colonization.

©la e 5a0be

Mean Squares ‘i)z,g}:e?o)fa i 2alio
Ay y Cygawlinight’ Al g &89y pow 4 yhond 059y Ereedom Sources of change
Root colonization  Seed Protein Zinc Potassium Phosphorus Nitrogen
105.12 7.91 0.89 0.010 ™ 0.0003 0.20 2 )l.)g;-
Replication
937.71" 6.88™ 1.37™ 0.006™ 0.0001™ 0.17™ 2 S
Phosphorus
2.65™ 5.99 " 491" 0.011" 0.0001 ™ 0.15™ 2 9
Zinc
284.86™ 3.16™ 2.83™ 0.010 ™ 0.0001 " 0.07 "™ 4 E9% S .
Phosphorus x Zinc
1608.00° 1.01™ 144 0.001 " 0.0003 ™ 0.02" 1 e d
Biofertilizer
o ns ns ns ns ns W) 395)( M
449.26 0.42 0.40 0.002 0.0001 0.01 2 Phosphorusx
Biofertilizer
18.84" 448 0.36™ 0.006 ™ 0.0001 ™ 0.11"™ 2 S35 ) 35
Biofertilizer x Zinc
Xy X Jam ) 395
672.51" 1.64™ 0.92 0.013 ™ 0.0002 ™ 0.04 " 4 g9
PhosphorusxZinc
xBiofertilizer
44.54 9.25 0.12 0.005 0.0003 0.236 34 s
Error
131 15.9 5.9 4.2 4.8 15.9 Coefficient of
Variation

i > 2e NS g (ko] Jloin Zdio)d N g oo )3 B grlaw 53 )l e )5 4y st

#, %% Indicates that the effect of the experimental factors is significant at the 5% and 1% probability level and ns isn’t significant.
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Table 8. Mean comparison of the seed nutrient elements, Protein and root colonization.

el g g el o,
colonization Seed Protein ~ ZiNC  Potassium  Phosphoruse  Nitrogen Treatment Row
(%) (%) (ppm) (%) (%) (%)
55.5 ¢ 19.4% 312 1,70 0.37%® 3.1% P1Zn:By 1
51.3 cde 19.52 30.6? 174 0.38% 3.12 P1Zn,B, 2
60.4° 17.82 30.6? 1.7 0.38 2.8% P1Zn,B, 3
70%® 18.32 30.3° 1,70 0.39° 2.9 P1Zn,B, 4
72.7*% 20 29° 1,70 0.38 % 3.2% P1Zn3B, 5
40 21.2*% 29° 1.8% 0.37%® 3.42 P1Zn3B; 6
61.2% 19.52 30¢ 1,70 0.38 3.12 P»,Zn1Byg 7
49,7 df 18.12 292 1,70 0.37%® 2.9 P,Zn,B; 8
47.2°¢ 18.82 29.62 1,70 0.37%® 3? P2Zn,B, 9
52.3% 20.6° 29.3° 18% 0.37%® 3.3 P2Zn,B, 10
46.3°% 19.4° 29.3° 1.9@ 0.37%® 3.12 P,Zn3By 11
46.6° 19.92 30.32 1.7 0.38 3.2% P,Zn3B, 12
49,5 df 18.22 31¢@ 1.7 bed 0.36" 2.9 P3Zn1Bo 13
35.7¢9 1742 30.3* 1,70 0.38 % 2.7 P3Zn.B; 14
60.4 b 18.5% 29.32 1.8% 0.38 ® 2.9? P3Zn,By 15
16.7" 18¢ 29.32 1.8% 0.38 2.8% P3sZn,B, 16
54.4 ¢ 18.2° 29.62 1.7 0.37%® 2.9° P3Zn3Bog 17
46.8°f 19.62 28.32 1.7 bed 0.37%® 3.1° P3Zn3B, 18
42 2.06 1.95 0.55 0.1 0.32 LSD
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Means with the same letters are not significantly different. P;: phosphorus based on the soil test; P,: phosphorus at 30% above the soil-test
recommendation; Ps: phosphorus at 30% below the soil-test recommendation; Zn;: zinc based on the soil test; Zn,: zinc at 30% above the soil-
test recommendation; Zns: zinc at 30% below the soil-test recommendation; B; and By: seed inoculation with biofertilizers and no seed
inoculation, respectively. (Within each column, means followed by the same letter are not significantly different.)
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