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Abstract

[ Objective

Xinjiang has set national records for high soybean yields for many consecutive years. However, in actual
field production, insufficient supply of photoassimilates leads to flower and pod abscission, resulting in a gap
between actual and potential yields. This study used different types of foliar fertilizers as a regulatory measure
to investigate their effects on nutrient uptake and translocation, photosynthetic physiological characteristics,
dry matter accumulation, and flower/pod abscission in soybeans. The aim was to clarify the regulatory effects
of foliar fertilizers on soybean yield formation and to identify high-yield and high-efficiency foliar fertilizer
types suitable for drip-irrigated soybeans.

[ Methods]

Field experiments were conducted from 2024 to 2025 at the Wulanwusu Agrometeorological E
xperiment Station of the Shihezi Meteorological Bureau in the Xinjiang Uygur Autonomous Region.
A two-factor randomized block design (variety x foliar fertilizer type) was adopted, using the hig
h-protein soybean variety Longken 324 (V1) and the high-oil variety Xinzhendou 1 (V2). Eight tre
atments were established: spraying water (CK), chitosan oligosaccharide (T1), EDTA-Fe (T2), polyp
hosphate (T3), chitosan oligosaccharide + EDTA-Fe (T4), chitosan oligosaccharide + polyphosphate
(TS5), EDTA-Fe + polyphosphate (T6), and chitosan oligosaccharide + EDTA-Fe + polyphosphate
(T7). Foliar spraying was performed at the initial flowering, initial podding, and initial seed filling
stages. Measurements included plant phosphorus and iron accumulation, photosynthetic parameters,
chlorophyll fluorescence characteristics, key photosynthetic enzyme activities, and flower/pod forma
tion and abscission dynamics. Dry matter accumulation and flowering/podding characteristics were a
nalyzed using a beta growth model. Multi-objective comprehensive evaluation was performed using
EW-TOPSIS, RSR, FCE, and CEI models to select the suitable foliar fertilizer types for drip-irrig
ated soybeans in Xinjiang.

[Results]

(1) Compared to CK, foliar fertilizer treatments significantly increased shoot phosphorus accum
ulation (16.31%—68.05%) and iron accumulation (17.13%—-68.39%), as well as leaf phosphorus trans
location rate (5.30%—15.83%) and iron translocation rate (4.60%—-37.51%), with the T7 treatment sh
owing the most significant increases. Between varieties, V2 exhibited 7.18%, 19.20%, 38.61%, and

2.39% higher shoot phosphorus accumulation, shoot iron accumulation, leaf phosphorus translocati
on rate, and leaf iron translocation rate than V1, respectively. In contrast, grain phosphorus and iro

n accumulation were higher in V1, exceeding V2 by 4.54% and 8.00%, respectively.



(2) Compared to CK, foliar fertilizer treatments significantly increased total chlorophyll content
(8.20%—-22.63%), net photosynthetic rate (9.66%—-25.94%), actual photosynthetic efficiency of photo

system II (Y(II)) (4.27%—-13.08%), Rubisco activity (15.09%—40.68%), and PEPC activity (14.76%—
51.99%). Between varieties, V2 showed 5.30%, 10.83%, 0.68%, 18.38%, and 7.71% higher total ¢
hlorophyll content, net photosynthetic rate, Y(II), Rubisco activity, and PEPC activity compared to
V1, respectively.

(3) Compared to CK, foliar fertilizer treatments delayed the progression of flower and pod de
velopment, increased the maximum flower/pod development rate, and significantly reduced flower a
bscission rate (8.03%-32.84%) and pod abscission rate (11.26%-46.12%), with T7 being the most
effective. The T7 treatment significantly increased maximum flowering rate, time to maximum flow
ering rate, maximum podding rate, and time to maximum podding rate by 12.40%, 1.57 days, 22.6
0%, and 1.97 days, respectively, compared to CK. Between varieties, V2 exhibited higher flower a
bscission rate (7.29%) and pod abscission rate (44.17%) than V1. V1 showed 21.48%, 0.39 days,
41.27%, and 1.97 days higher maximum flowering rate, days to maximum flowering rate, maximu
m podding rate, and time to maximum podding rate than V2, respectively.

(4) Compared to CK, foliar fertilizer treatments significantly increased leaf area index (9.97%—
31.26%), maximum shoot dry matter accumulation (8.06%-24.16%), maximum dry matter accumula
tion rate (6.90%-44.91%), and the proportion of flower/pod organs in shoot dry matter (4.02%—12.
64%), with T7 being the most significant. Between varieties, V2 had higher leaf area index, maxi
mum shoot dry matter accumulation, maximum dry matter accumulation rate, and proportion of flo
wer/pod organs in shoot dry matter than V1, with increases of 17.85%, 12.44%, 10.16%, and 23.3
8%, respectively.

(5) Compared to CK, foliar fertilizer treatments significantly increased yield (2.3%-12.03%), p
rotein content (2.52%-7.96%), fat content (5.21%—11.59%), and economic benefit (11.03%-27.16%)

in both varieties. Comprehensive evaluation using EW-TOPSIS, RSR, FCE, and CEI models indic
ated that the T7 treatment achieved the highest multi-objective comprehensive ranking. Between var
ieties, V1 exhibited higher yield, protein content, and net profit than V2, with increases of 11.55%,
5.22%, and 47.60%, respectively, while V2 had a higher fat content than V1, with an increase of
4.64%.

[ Conclusion]

Foliar fertilizer treatments significantly enhanced shoot phosphorus and iron accumulation and
translocation rates, improved photosynthetic physiological indicators, optimized flower and pod
development dynamics, reduced flower and pod abscission rates, increased leaf area index, dry matter

accumulation, and the allocation of dry matter to flower/pod organs, and improved yield, protein content, fat

v



content, and economic benefits. The T7 treatment exhibited the most optimal overall effect. Significant
differences existed between varieties: V2 was superior in nutrient accumulation, photosynthetic indicators,
and dry matter accumulation, whereas V1 had advantages in grain nutrient accumulation, flower/pod
development, yield, and net profit. The combination of chitosan oligosaccharide + EDTA-Fe + polyphosphate
(T7) can be recommended as a suitable high-yield and high-efficiency foliar fertilizer treatment for drip-
irrigated soybeans in Xinjiang.

Key words: Foliar fertilizer; Drip-irrigated soybean; Flower and pod; Dry matter accumulation; Yield
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Table 1-1 Classification, Composition and Functions of Foliar Fertilizers
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