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Background and Obijectives: Ever-increasing need for humans for
agricultural production has caused an ever-enhancing trend in the use of
different chemical fertilizers to achieve more yield production. On the
other hand, augmenting the use of chemical fertilizers results in pollution
and quality decline in soil and water resources, leading to the production of
unhealthy food products. Application of plant biostimulants like humic
acid, fulvic acid, amino acids, mycorhizal fungi, and seaweeds could be a
useful approach to reducing the use of chemical fertilizers. It leads to a
reduction in the use of chemical fertilizers without a decline in quantitative
and qualitative yield production. Therefore, the present research was
accomplished to investigate the effects of some biostimulants on fertilizer
use efficiency, as well as the yield and quality of oranges.

Materials and Methods: This experiment was carried out in a factorial
manner based on a completely randomized block design (CRBD) with
three replications on 63 orange trees var. Washington novel, during two
consecutive years in the Hormozgan Haji-Abad agricultural research
station. There were two factors consisting of 1- Application of chemical
fertilizers in three levels (without any chemical fertilizers, %75 of the
recommended chemical fertilizers, %100 of the recommended chemical
fertilizers), and 2- Application of plant biostimulants in seven levels
(control, amino acid foliar spray, seaweed extract foliar spray, soil-applied
humic acid, fulvic acid foliar spray, soil-applied mycorhizal fungi, amino
acid, and seaweed extract foliar spray accompanied with soil applied humic
acid and mycorhizal fungi). The harvesting was done in December, every
year. Some plant responses such as yield production, the concentrations of
iron, manganese, and zinc in leaves, total soluble solids, vitamin C in fruit
extract, and fertilizers use efficiency were determined. Finally, the results
were interpreted based on the analysis of variances for the data set and the
comparison of means.

Results: The results showed that the application of biostimulants caused an
increase in production yield and fertilizer use efficiency, as well as the
concentration of iron, manganese, and zinc in leaves. Some qualitative
properties consisting of total soluble solids and vitamin C content in fruit
extract were also improved. Furthermore, the use of chemical and organic
fertilizers corroborated the positive effects of biostimulants. In other words,

Yy


mailto:mtehrani2000@yahoo.com

the interactive effects of biostimulants and fertilizers on the quantitative
and qualitative properties of oranges were significant. The most positive
effects were observed in the treatment containing soil applied humic acid
and mycorhizal fungi accompanied with amino acids and seaweed extract
foliar spray, and %2100 of the recommended chemical fertilizers. However,
fertilizer use efficiency in trees treated with %75 of the recommended
chemical fertilizers was higher, as compared to those supplied with %100
of the recommended fertilizers.

Conclusion: It is recommended that instead of excessive use of chemical
fertilizers, a combination of biostimulants including humic acid, amino
acids, seaweed extract, and mycorhizal fungi be applied along with %75 of
the recommended chemical fertilizers in the integrated nutrition
management, to achieve the increased yield, improved fruit quality, and
reduced environmental pollution.

Cite this article: Saleh, Jahanshah, Shahabian, Mehrdad, Tehrani, Mohammad Mahdi. 2023. Interactive
effects of chemical fertilizers and biostimulants on yield and fertilizer use efficiency in
orange. Journal of Soil Management and Sustainable Production, 13 (2), 27-51.
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Table 1. Some properties of the soil at the test site.

ol

K33 B N S . i
Zn Fe Mn  Cu K P pH EC (o)) Sal (1) N p s () oy ) s
(dSim)  caco; (%) oC (%) Sand (%)  Clay (%)
(mglkg)
/A [7AR SR RVAY? 8L YeANE AR V/IAL /Y 34 +/Vo ¢4 Yy
bl sl 758 - Jgdr
Table 2. Description of the experiment treatments.
oo QAL S K o i o Sl sl Oles Dl o )les
Hazelnut-size After flower drop 1% irrigation Treatment Treatment No
dals 1
AA b
0.005 0.005 sl 2
AA foliar spray
SW b
0.005 0.005 sl 3
SW foliar spray
x:»'-):]m(s}f“ \L&L)JJAC;Y' HA S5 ,8 4
20 gltree 20 gltree HA soil application
FA b
0.005 0.005 sl 5
FA foliar spray
\;a'-)aja(aﬁ\"' Ml st 58 6
1000 g/tree Ml soil application
SSW 5 s 0 AR 20 HSW LR 020 (MESVe tHA L S )
AA s 50 Lo HA S iy MI+HA+SW+AA 7
0.005 SW+0.005 AA 0.005 SW+0.005 AA + (20 g HA+1000 g MI)/tree

20 g HA/tree

lﬁ)_,.i.ih@ﬂ;qu MI sl 55 FA ol Senson HA ¢ 5Ly Sl SW taisl sl AAA

AA: Amino Acid; SW: Sea Weed; HA: Humic Acid; FA: Fulvic Acid; MI: Mycorhiza Inoculant
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Figure 1. Effects of chemical fertilizers and biostimulants on orange yield.
Values followed by the same letter, are not significantly different at 5% probability level.
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Table 3. ANOVA for the effects of chemical fertilizers and biostimulants on plant responses in orange.

o e Siks
Mean squared ERREN S
¢ ¢ .c ¢ 7 Degree of Source of variation
) TSS Srss  Spile Syl 5 Shos freedom
Vitamin C Leaf Zn Leaf Mn Leaf Fe Yield
69.037 1.019 10.879 7.432 2" 1606312 ™ 2 oL
Replication
- - - Lo
58.972 0.022" 91.803 62.020 3117 16677756™ 1 J
Year
x x Lo x 1 S
0.252" 0.011 0.059™ 0.040™ 2" 55746476 2 S
Replication*Year
st s - o - e
6028.878 5.811"  962.654 658.872 18954 2059430560 2 ot 255
Chemical fertilizer
- « * - e L
21.421 0.019™ 0.479 0.327 230 977809™ 2 et 255
Year*Chemical fertilizer
*x * " « L Lex I S
0.625 0.008"  0.086 0.059 3ns 2105698 8 et 358 X IS
Rep*Year*Chem. fertilizer
o *x o . . - Py S
2461.516 8.187 444.720 303.750 13149 2362448984 6 fu)_ 7
Biostimulant
.,\.:_) «sz-.n X L;l:.«.:.lr 5)5
348037 00257 7.9917 54447 2237 9711505 12 Chemical fertilizer*
Biostimulant
ok ok . . Sy S L
1.449 0.042 0.329 0.218** 88 709966™ 6 o S d
Year*Biostimulant
A, S e X gl 555 x Jlo
0.973 0.032 0.018®  0.012% 17" 445645™ 12 Year*Chem. fertilizer*
Biostimulant
(1558
0.128 0.008 0.039 0.026 14 961127 72
Error
s
5.553 1.048 7.626 5.065 4 2 S e

Coefficient of variation

s g e ™ /00 Jlazml o 53 5l e T /) Szl rla 53l e *F

** Significant at 0.01 probability level, * Significant at 0.05 probability level, ™ Non significant
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Table 4. ANOVA for the effects of chemical fertilizers and biostimulants on fertilizer use efficiency in orange.

Slas o Sk @33l 4z S e
Mean squared Degree of freedom Source of variation
| <
76.11" 2 J_;“ _
Replication
* Jls
31320.05 1
Year
- Lo x 1SS
1068.16 2 ol
Replication*Year
ok Lo
1458.33 1 et 258
Chemical fertilizer
8.05™ 1 sttt 255 L
Year*Chemical fertilizer
18.44™ 4 e 255 5 1SS
Replication*Year*Chemical fertilizer
e Sy S
38981.87 6 _—Lw_ Bl
Biostimulant
988.94™ 6 o S X oot 25
Chemical fertilizer*Biostimulant
s Sy S (9
1164.49 6 o S d
Year*Biostimulant
50.55™ 6 M)S{mx&-tﬁft,i:}?x;—lb
Year*Chemical fertilizer*Biostimulant
ot
23.66 48
Error
4.35 NG

Coefficient of variation

s g e ™ /00 Jlazml o 53 5l e T /0) Szl rla 53l e *F
** Significant at 0.01 probability level, * Significant at 0.05 probability level, ™ Non significant

SR ke S8k Jold 0 ol (o558 A5 Sl geanlp S L (S ol

s bl 5 ez HY ATPase o5l s L olS ludss Conds olS Silnid n i
WHer 5 a () ol Sl il slag 5 claasl s b Gl Sle aise o 35
Aol sl glassS 5,8 Wals olas (YeYY) CPle 5 S oolsle sue bl Sk
3o 05 ol compe S Aol 5 SO I s G0 Sl sl bdies
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Figure 2. Effects of chemical fertilizers and biostimulants on Fe concentration in orange leaves.
Values followed by the same letter, are not significantly different at 5% probability level.
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Table 5. Effects of chemical fertilizers and biostimulants on Mn concentration in orange leaves (mg kg™ DW).
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* Values followed by the same letter, are not significantly different at 0.05 probability level
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Table 6. Effects of chemical fertilizers and biostimulants on Zn concentration in orange leaves (mg kg™ DW).
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* Values followed by the same letter, are not significantly different at 0.05 probability level
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Figure 3. Effects of chemical fertilizers and biostimulants on Total soluble solids in orange fruits.
Values followed by the same letter, are not significantly different at 5% probability level.
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Table 7. Effects of chemical fertilizers and biostimulants on vitamin C in orange fruits (mg kg™ DW).
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_ Chemical fertilizers
oSk Ly S e 3l ge Ju
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* Values followed by the same letter, are not significantly different at 0.05 probability level

£0



VLY Y b)w AY 0,92 4)|.A.llg: ..\“.J’?"Slé A.qg.)g‘.\.o 4.1;.»»

50

200

150

100

(Jsl JLo) 35 G juan S
Fertilizer use efficiency (1st year)

50 J

Fertilizer recommendation (75%)

- = = Fertilizer recommendation (100%)

&35 dogs YO,

$985 dmogi Voo

Les 0 jlas # o V Lo

Treatment 1 Treatment 2 Treatment 3 Treatment4 Treatment 5 Treatment 6 Treatment 7

300

100

50

(ru JL) 345 G yuae L},I)LS
Fertilizer use efficiency (2nd year)

Fertilizer recommendation (75%)

250 - = = Fertilizer recommendation (100%)

$955 dogi YOI A

355 dogi Voo,

Lo Los Lo

Lo O ,les 7 s V oS

Treatment1 Treatment2 Treatment 3 Treatment4 Treatment 5 Treatment 6 Treatment 7

I 53355 OBpan oS 5 Ady GBS s 5 obend slasss sb -t Ko
I s e D170 JL«blck.w)a Y G s S pde el

Figure 4. Effects of chemical fertilizers and biostimulants on fertilizer use efficiency in orange.
Values followed by the same letter, are not significantly different at 5% probability level.
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Table 8. Economics of chemical fertilizers and plant growth-promoting materials in wheat production,
considering the costs and income in Hormozgan province.

3 s Aoy Dl 4y 3a > Shas s
Ol s dls k) GBS 5 ) Sk Ol 53 s ek OBa o)
Benefit (MIRR/ha) Income (MIRR/ha) Treatment costs (MIRR/ha) Yield (Ton/ha)

7550 7550 0 37.75 C1P1
8941 8954 13 44.77 C1P2
8553 8598 45 42.99 C1P3
10318 10372 54 51.86 C1P4
9457 9502 45 47.51 C1P5
12251 12310 59 61.55 C1P6
13158 13330 172 66.65 C1P7
8750 8878 128 44.39 C2P1
10485 10626 141 53.13 C2P2
10071 10244 173 51.22 C2P3
12148 12330 182 61.65 C2P4
10777 10950 173 54.75 C2P5
13627 13814 187 69.07 C2P6
15770 16070 300 80.35 C2pP7
9841 10012 171 50.06 C3P1
11488 11672 184 58.36 C3P2
10960 11176 216 55.88 C3P3
12877 13102 225 65.51 C3P4
11900 12116 216 60.58 C3P5
14794 15024 230 75.12 C3P6
16541 16884 343 84.42 C3P7
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C1= No Chemical fertilizer was used; C2= %75 of chemical fertilizer recommendation was applied; C3= All recommended

chemical fertilizers were used; P1= No plant growth-promoting was used; P2= Foliar spray of amino acids; P3= Foliar spray
of seaweed extract; P4= Soil application of humic acid; P5= Foliar spray of fulvic acid; P6= Soil application of mycorrhizae;

P7= Combined use of plant growth-promoting materials
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