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Introduction

Apricot (Prunus armeniaca L.) is one of the most important stone fruit trees in temperate regions, with
Iran ranking second globally in production. Semnan province, particularly Shahrood city, is the main
production hub in the country. However, late spring frost is the most critical limiting factor in apricot
production, as apricot trees bloom earlier than other stone fruits, making flowers and young fruitlets highly
susceptible to frost damage. The critical lethal temperature for fully open apricot flowers is -2°C for three
hours. In recent years, climate change has intensified frost damage, with losses exceeding 90% in some
years in the Shahrood region.

Materials and Methods

This research was conducted over two growing seasons (2021-2023) in a Qavami apricot orchard in
Dehomla village, Shahrood. The experiment was arranged as a split-plot based on RCBD with four replications.
The main factor included two irrigation levels: normal irrigation and autumn irrigation cessation (from early
September). The sub-factor comprised eight foliar spray treatments: potassium, zinc+boron, amino acid, humic
acid, ethephon (200 mg/L), amino acid+zinc+boron combination, complete element combination+ethephon, and
control. Measured traits included flower number, initial and secondary fruit set percentage, frost damage
percentage, fruit weight, stone weight, flesh-to-stone ratio, and fruit dimensions. Data were analyzed using
combined ANOVA in SAS 9.1.

Results and Discussion

Analysis of variance showed that the effects of year, irrigation cessation, nutrition, and their interactions were
significant (P<0.01) for all reproductive traits. The highest flower number (214 per branch) was observed in the
potassium treatment under normal irrigation, while the lowest (90) was in the humic acid treatment under
irrigation cessation. Autumn irrigation cessation significantly reduced flower number but decreased frost damage
percentage. The highest initial fruit set (49.1%) was recorded in the complete element combination under normal
irrigation. The lowest frost damage (36.5%) was observed in the complete element combination under irrigation
cessation, while the highest (57.3%) was in the control under normal irrigation. For fruit quantitative traits, the
highest fruit weight (32.7 g) was obtained in the complete element combination, not significantly different from
potassium (32.1 g). The lowest fruit weight (21.7 g) was in the control under irrigation cessation. Ethephon
delayed flowering by approximately one week. The superior performance of potassium and complete element
combination in reducing frost damage and increasing fruit weight can be attributed to multiple mechanisms:
potassium increases soluble sugars and ABA, zinc and boron enhance membrane stability, and amino acids and
humic acid reduce oxidative stress.
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Conclusions

Integrated management of autumn irrigation cessation combined with foliar application of complete
nutrient elements (especially potassium) is an effective strategy for reducing late spring frost damage in
Qavami apricot. Autumn irrigation cessation decreased frost damage and increased post-frost fruit survival.
The complete element combination and potassium alone showed the best performance in reducing frost
damage (less than 38%) and increasing fruit weight (over 32 g). Ethephon delayed flowering by
approximately one week. The synergistic effect of irrigation cessation and foliar nutrition improved frost
resistance through complementary mechanisms. Given the severe frost damage in the Shahrood region, the
combination of autumn irrigation cessation with potassium and micronutrient application is recommended for
Qavami apricot growers.
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Table 1. Analysis of variance of the effect of foliar application of nutrients and autumn irrigation cessation on reproductive traits of
Qavami apricot trees

S.O.V. df  Flower number Early F.S. Final F.S. Frost damage
Year 1 7274.03** 5673.4** 20878.8** 64912.7**
Error(a) 6 229.04 ns 147.76 ns 69.42 ns 117.28 ns
Irrigation interruption (1) 1 5805.05** 662.63** 925.02** 804.85**
(I x Year) 1 4441 53** 253.01* 104.13** 519.47**
Error(b) 6 349.34 ns 123.5ns 21.48 ns 48.19 ns
Nutrients (N) 7 3497.9** 4147.65** 459.66** 1453.78**
N xI 7 3054.8** 4047.76** 159.52** 189.85 ns
N xYear 7 4031.78** 1098.55** 803.74** 2301.15**
NxIxYear 7 3302.2** 3122.00** 256.41** 345.99**
Total Error 84 57.44 4825.01 4514.69 93.56
CV (%) — 11.86 11.31 19.35 13.84

&I S0 pie NS t0u0)0 ) g B o jO (6,l0 o o Ay i g

* and ** Significant at 5% and 1% levels, respectively. ns = not significant

b Joloxo Lo
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Figure 1. Effect of autumn foliar application of humic acid, zinc, boron, and potassium on flower number per tree in
‘Qavami' apricot (Prunus armeniaca L.) during the spring of 2023.
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Figure 2. Interaction effect of irrigation cessation, nutrition and year on flower number per branch (50 cm) of Qavami apricot trees.

k: potassium, Hu: humic acid, Am: amino acid, ET: ethephon, B-ZN: boron and zinc, Am+Zn-B: amino acid with boron and zinc, total: all
elements of potassium and humic acid, amino acid, boron and zinc with ethephon. Common letters within each column indicate that the

.means are not significantly different at the 5% probability level according to Duncan’s multiple range test
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Figure 3. Interaction effect of foliar application and autumn irrigation cessation on initial fruit set (%) of Qavami apricot over two
consecutive years.
k: potassium, Hu: humic acid, Am: amino acid, ET: ethephon, B-ZN: boron and zinc, Am+Zn-B: amino acid with boron and zinc, total: all
elements of potassium and humic acid, amino acid, boron and zinc with ethephon. Common letters within each column indicate that the
means are not significantly different at the 5% probability level according to Duncan’s multiple range test.
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Figure 4. Interaction effect of foliar application and autumn irrigation cessation on final fruit set (%) (after frost) of Qavami apricot
k: potassium, Hu: humic acid, Am: amino acid, ET: ethephon, B-ZN: boron and zinc, Am+Zn-B: amino acid with boron and zinc, total: all
elements of potassium and humic acid, amino acid, boron and zinc with ethephon. Common letters within each column indicate that the
means are not significantly different at the 5% probability level according to Duncan’s multiple range test.
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Figure 5- Effect of foliar spray treatment and autumn irrigation interruption on the percentage of frost damage on the
sample branch over two years
k: potassium, Hu: humic acid, Am: amino acid, ET: ethephon, B-ZN: boron and zinc, Am+Zn-B: amino acid with boron and
zinc, total: all elements of potassium and humic acid, amino acid, boron and zinc with ethephon. Common letters within each
column indicate that the means are not significantly different at the 5% probability level according to Duncan’s multiple
range test.
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Table 2. Analysis of variance of the effect of foliar application of nutrients and irrigation cessation on fruit quantitative traits of
Qavami apricot trees.

S.0.v df Fruit weight Stone weight Pulp/stone Ratio Fruit length Fruit width Length/width ratio
Year(Y) 1 0.007 ns 0.003 ns 2.029 ns 0.20 ns 0.51 ns 0.23 ns
Error(a) 6 179.57** 1.029** 269.01** — — —
Irrigation interruption (I) 1  327.04** 2.125%* 448.02** 1.19 ns 2.42 ns 2.05**

Y*I 1 20.32 ns 0.003 ns 15.96 ns — — —

Error(b) 6 17.49 ns 0.60** 228.43** — — —
Nutrient treatments (N) 7 129.16** 1.044** 172.44** 1.96** 0.77 ns 0.17 ns
N *1| 7 113.0** 0.25* 110.88* 1.06 ns 0.12 ns 0.29*

Y*I 7 55* 0.003ns 32.65ns — — —

Y*I*N 7 25.32ns 0.003ns 9.21ns — — —

Error 84 25.63 0.103 57.44 0.58 0.20 0.12
CV (%) — 17.52 16.59 11.86 15.67 16.0 19.86

G0 o0 pie NS tauo)d ) g B daw O (5,10 Sro o Ay s g
* and ** Significant at 5% and 1% levels, respectively. ns = not significant.
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Table 3. Mean comparison of the interaction effect of irrigation cessation and foliar application on fruit quantitative
traits of Qavami apricot (mean of two years)

Treatments  Fruit weight (g) Stone weight (g) Pulp/ Stone  Fruit lenght (mm) Fruit width (mm) Lenght/ width

K 32.1a 4.12 ab 453 a 35.8 ab 32.3 ab I.11a

- Hu 29.8 ab 3.89 be 43.7 ab 34.7 be 31.5 bed 1.10 ab
'% Am 28.5 be 3.75cd 42.1 be 35.5ab 32.8 ab 1.08 ab
%0 ET 27.2 bed 3.68 cd 41.5 be 35.0 abc 31.8 abc 1.10 ab
E B+.Zn 29.1 abe 3.82cd 43.2 ab 36.2a 335a 1.08 ab
5" Am+Zn-B 30.4 ab 4.02 ab 44.1 ab 35.7 ab 32.7 ab 1.09 ab
Total 32.7a 424 a 46.2 a 364 a 33.1a 1.10 ab

Control 248d 3.54 de 38.5d 336¢ 30.8d 1.09 ab

K 314 a 3.95be 39.1cd 35.1 abe 31.0 cd 1.13a

g Hu 22.5d 321f 358e 33.0¢c 295e 1.12a
% Am 27.8 bed 3.57d 38.4d 354 ab 312 cd 1.13a
ﬂé ET 28.9 abc 3.68 cd 39.7cd 35.0 abc 31.7 abed 1.10 ab
g B+.Zn 30.8 ab 3.74 cd 40.2 cd 35.8 ab 32.5 ab 1.10 ab
?D Am+Zn-B 323a 3.92bc 41.8 be 360 a 32.8 ab 1.10 ab
E Total 32.7a 4.15a 42.1 be 36.5a 332a 1.10 ab
Control 21.7d 3.04 f 336 f 325¢ 289 ¢ 1.12a

NI (5l e glds (pS1S (g0 3T U O gedaw 43 (g yB 30 S o gy (61,10 Lo Sl
* and ** Significant at 5% and 1% levels, respectively. ns = not significant.
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