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Figure 1- Geographical location and topography of
the study area (Shamgani et al., 2024)
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Table 1- Summary of climatic data during the growing seasons

Tmin Tmax

Tmean

Rainfall Relative humidity Pan evaporation

Growing season (<C) (C) C) (mm) (%) (mm)
Jun 19 30.4 24.7 7.6 69 193.6
Jul 221 321 27.1 22 71 173.5
Aug 23 32 27.5 30.8 74 136.3
Oct 21.4 31.6 26.5 41.3 71 1425
Sept 16.8 26.6 21.7 76.3 74 80
Oct 21.3 315 26.4 254 71.2 161.4
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Table 2- Some of the soil characteristics of
experimental site

Parameter Value
Sand (%) 23
Texture  Silt (%) 40
Clay (%) 37
pH 7.6
ECx103 (ds.m™) 1.8
0O.C (%) 1.2

O.M (%) 2

N (%) 0.1
P (mg.kg) 13
K (mg.kg?) 370
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Table 3- The result of analysis of variance the shading and drought stress affects on growth trait, yield and yield
components of soybean

SOVN) df  PH PN 5 - SNPP > - Biomass 15%?/ Yield
B 2 4803° 10° 004 001° 72° 09 9333° 004  6652°
Sh 3 59835 029%™  18% 1177 3077 197 41963139 19 14289632
Ds 2 09% 1014~ 278 3917 2014 6.6~  1134083% 4457 18652502
ShxDs 6 16 91 19" 370 740" 03455% 842083 04" 2349
Error 22 299 07 017 39 146 02 437545  0.06 466
Total 35 - ; : ; ) : - - i
cvV_ - 32 11 85 69 107 139 45 17 07

B: Block; Sh: Shading; Ds: Drought stress; PH: Plant height; PN: Pod number per plant; SNPP: seeds number per pod; 100-SW:

one hundred Seeds weight.

** *and ns: They indicate significance at 1%, 5% and non-significance levels, respectively (Duncan, P < 0.05)
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Table 4- Evaluation of the shading and drought stress affects on growth trait, yield and yield components of soybean

PH SNPP Biomass 100-SW Yield

Treatment Level cm)) PN 0 1 5 3 kg hal)) ) kg hal))
Control 97.3d 73.5a 5.1a 27.8b 36.8a 3.7ab 5171.2a 14.1b 925.9¢
Shading 30 130.1c 74.2a 5.2a 28.2ab 36.6a 4.08a 5255.5a 14.5a 1057.2a
50 147b 70.8b 4.5b 30.1a 32.8b  3.4bc 4482.2b 13.5¢ 962.3b
80 155.7a 67.1c 4.4b 27.6b  35.8ab 3c 3793.3c 14.3b 755.4d

LSD - 4.1 0.8 0.4 1.9 3.7 0.4 204.5 0.2 6.6
Drought NDS 132.6a 74.4a 4.2b 27.3b 41.2a 4.4a 4775.8a 16.02a 1046.7a
stress DSF 132.2a 68.6C 5.1a 27.5b 32.9b 3.1b 4581.6b 14.2b 931.2b

DSP 132.7a 712b  5.08a 30.5a 32.4b 3.1b 4670.0ab 12.1c 797.6¢
LSD - 3.5 0.6 0.3 1.6 3.2 0.4 177.1 0.2 5.7

Means with the same letter in each column, are not significantly different (Duncan < 0.05)
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Figure 2- The effect of the interaction of shading and drought stress on vegetative traits, yield components, and
final yield
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Table 5 - Results of variance analysis of the effect of shading and drought stress on soybean photosynthetic pigments

Mean square (MS)

S.0.V) df

SPAD Chlorophyll a Chlorophyll b Carotenoid

Block B)) 2 2.1825™ 0.0108" 0.0004"s 0.0003"

Shading (SH) 3 91.611™ 0.5956"" 0.0353™ 0.0349™

Drought stress (Ds) 2 27.5275™ 0.1103™ 0.0196™ 0.0138™

(SH x Ds) 6 2.1119m 0.0277* 0.0014™ 0.0010m

(Error) 22 2.99 0.0084 0.0002 0.0013
(Total) 35 - - _ -

cVv - 5.21 19.12 7.34 19.16

** *and ns: They indicate significance at 1%, 5% and non-significance levels, respectively (Duncan, P < 0.05)
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Table 6 — The result of LSD post hoc of the shading and drought stress on SPAD and photosynthesis pigments of

soybean
Mean square (MS)
Treatment Level Chlorophyll a Chlorophyll b Carotenoid
SPAD mg. g)) mg. g*)) mg. g*))
Control 29.9¢c 0.22d 0.13c 0.10c
Shading 30 37.3a 0.77a 0.27a 0.25a
50 33.7b 0.67b 0.25b 0.22b
80 31.6¢ 0.30c 0.24b 0.21b
LSD - 1.69 0.026 0.016 0.015
NDS 34.7a 0.59a 0.27a 0.23a
Drought stress DSF 33.07b 0.45b 0.21b 0.18b
DSP 31.7b 0.43b 0.20c 0.17b
LSD - 1.46 0.02 0.01 0.013

Means with the same letter are not significantly different.
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Figure 3- The effect of the interaction of shading
and drought stress on soybean photosynthetic
pigments
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Table 7- Results of variance analysis of the effect of
shading and drought stress on Soybean water

productivity
S.0.vV df WP WP\+p WPEeT
(B) Block 2 0.0002™ 0.0063"™  0.0001"
Shading wox ok wox
(sh) 1.8993 1.0718 0.3434
Drought

stress (Ds) 2 0.0990™ 0.8108™ 0.4571

(Sh x Ds) 6 0.0629™  0.0596"™  0.0057™
(Error) 22 0.0002 0.0500 0.0001
(Total) 35 - - -

C.V - 0.7589 14.50 0.7869

** *and ns: They indicate significance at 1%, 5% and

non-significance levels, respectively (Duncan, P < 0.05)
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Abstract

As a result of global warming and water availability reduction, application of new applied technologies such as
shading nets have been widely studies in recent decades. This study aimed to investigate the effects of different
shading levels and drought stress on soybean yield. A factorial experiment was conducted in a randomized
complete block design with three replications during the 2024 growing season at Sari Agricultural Sciences and
Natural Resources University, Mazandaran, Iran. The treatments included four shading levels (0 (control), 80%
(SH-80), 50% (SH-50), and 30% (SH-30) light transmission) and three drought stress levels (no stress (NDS),
irrigation withheld at flowering stage (DSF), and irrigation withheld at pod development stage (DSP)). The
interaction between shading and drought stress significantly influenced key agronomic traits, including the
number of pods per plant, number of empty pods, 1-seed and 2-seed occurrence, 100-seed weight, and grain yield
(P <0.01). The combination of SH-30 and NDS resulted in the highest pod number (79.1), hundred-seed weight
(16.7 g), and grain yield (1170.2 kg/ha). Moreover, the greatest chlorophyll a and b content (0.9 and 0.33 mg.g™,
respectively) was observed under the same treatment. Additionally, the highest water productivity index (WPI)
was recorded under SH-50 and DSF treatments (2.4 kg.m?3), while the highest water productivity of
evapotranspiration (WPET) was achieved with SH-30 and NDS treatments (1.8 kg.m™). Overall, the findings
revealed that applying shading nets, particularly SH-30 and SH-50, can enhance soybean yield and physiological
yield under both normal and drought-stressed conditions. Therefore, the use of shading nets can be recommended
as an effective strategy to alleviate the adverse effects of water stress on soybean growth.
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