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ABSTRACT

Topdressing is crucial in wheat production, but it remains unclear whether topdressing different fertilizers with
the same amount at jointing stage has a significant impact on wheat (Triticum aestivum L.), therefore, field
experiments with four fertilizer treatments: Ordinary compound fertilizer (F1), wheat-specific compound fertilizer
(F2), urea (F3) and no topdressing (CK) were conducted. Compared to F1 and F3, F2 significantly increased root
length, root surface area, root volume, root diameter, root tips and root forks. Topdressing urea increased single
leaf area of canopy when compared to F1. Compared to CK, F2 and F3 significantly enhanced chlorophyll content,
while topdressing urea increased chlorophyll content when compared to F1. The effect of topdressing fertilizer
on photosynthetic rate, stomatal conductance, and transpiration rate was consistently F2 > F3 > F1 > CK. The
canopy photosynthetically active radiation in F2 was the highest, and in F3 was higher than in F1 (increased by
4.33% ~ 6.72%). Compared to topdressing urea, F1 and F2 improved grain filling rate, while topdressing urea was
more beneficial for improving DM accumulation rate of stem and leaf; compared to topdressing F1, F2 improved
accumulation rate of photosynthetic products. Topdressing compound fertilizer (F1 and F2) improved yield and
harvest index when compared to topdressing urea, compared to F1, F2 increased yield and harvest index by
8.13% and 2.77% in 2025. This study demonstrates that topdressing the same weight of wheat-specific
compound fertilizer improved root traits, canopy photosynthesis, yield and harvest index when compared to
topdressing ordinary compound fertilizer and urea.
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INTRODUCTION

Given the fact that wheat (Triticum aestivum L.) provides about one-fifth of both calories and proteins to human
diet, there is, therefore, a need for enhancing the yield of this crop so as to feed the world’s growing population.
Fertilization is one of the most important management factors affecting growth and development, and yield of
wheat. However, it is well known that wheat use only 30%-45% of the applied fertilizers, while the rest remains
unused causing severe environmental pollution (lllescas et al., 2020). Decreasing fertilizer loss and enhancing
fertilizer use efficiency are essential not only for high yielding consideration but also for environmental protection.
When applied at a low rate, NPK and other nutrients can limit grain yield, whereas excessive fertilizer rate can
cause plant lodging, making it difficult to harvest and reduce wheat yield (Galetto et al., 2017). In addition, the
development of more productive genotypes requires some adjustments in fertilizer and fertilization to meet
adequate demand of nutrients by plants. How to reduce fertilizer application and increase crop yield has become
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extremely important, remarkably, previous studies have showed that optimized fertilizer application strategies
and use new type of fertilizer (specific compound fertilizer, slow and controlled-release fertilizers) can achieve
high yield and high fertilizer utilization rate simultaneously (Hao et al., 2020; Vejan et al., 2021; Hou et al., 2024).

In terms of dividing the fertilizer application, Nyiraneza et al. (2012) not only reported that applying half of
the recommended fertilizer rate at planting and the rest at tillering resulted in a high total yield and high grain N
uptake, but also indicated that split application of fertilizer could help to synchronize nutrient supply with wheat
nutrient demand and reduce nutrient loss. Sui et al. (2013) observed that optimizing fertilizer topdressing
strategies increased rice yield by 8.2%-12.6% and N use efficiency (NUE) by 57.14%-138.30% when compared
with local farmers’ fertilization practices. Fu et al. (2022) found that applying some fertilizer before sowing and
some at later growth periods, contributes to synchronize fertilizer supply with crop nutrients demand and reduce
fertilizer loss; however, an unsuitable fertilizer application rate and time will usually cause a lack of nutrients in a
certain crop growth period. In terms of the type of fertilizer application, Qiong et al. (2021) indicated that
prolonged and excessive application of conventional fertilizers not only leads to low fertilizer utilization efficiency
and difficulty in increasing crop yield, but also damages soil structure and pollutes environment. Lyu et al. (2021)
reported that slow-release fertilizer has been considered as an effective way to decrease fertilizer loss, improve
fertilizer use efficiency and crop yield. Yang et al. (2020) observed that compound microbial fertilizer as base
fertilizer could not only increase the contents of soil available P and available N but also enhance the grain yield
markedly. Several studies also have shown beneficial effects of the use of controlled-release fertilizers and specific
compound fertilizers to enhance productivity of crops (Ercoli et al., 2013; Vejan et al., 2021).

Fertilizer has contributed significantly to the increase of wheat yield; however, the rates of yield growth have
slowed down in the past 10-20 yr, and even become stagnated in many countries (Grassini et al., 2013; Cao et al.,
2016). Applying inappropriate fertilizers is one of the major problems in wheat production, which have caused
low nutrients use efficiency and difficulty in enhancing yield. Generally speaking, attaining high yield requires an
adequate synchronicity between crop nutrient demand and suitable fertilizer supply (Zhang et al., 2023; Rajicic
et al., 2025). Fertilization in wheat production usually uses two fertilizer applications basal-application and top-
dressing, and integrating topdressing at jointing stage and suitable fertilizer types has critical significance on
improving wheat yield. Although topdressing fertilizer can increase yield, the question that topdressing different
types of fertilizers with the same weight at jointing stage whether cause significant differences in wheat yield and
harvest index has not been well clarified. Therefore, we investigated the effect of topdressing different types of
solid fertilizers (with the same weight 300 kg ha™ ) at jointing stage on wheat root traits, canopy photosynthesis,
accumulation rate of photosynthetic products, yield and harvest index, so as to (i) clarify whether topdressing
different fertilizers causes significant difference in yield and their underlying mechanisms; (ii) provide assistance
in selecting suitable fertilizer type for topdressing at jointing stage of wheat; and (iii) provide technical and
theoretical support for increasing yield with reducing fertilizer input.

MATERIALS AND METHODS

Site description

Field experiments were carried out at the Lime Concretion Black Soil Experimental Station of Anhui Academy of
Agricultural Sciences, Huaibei City (33°56' N, 116°54' E; 29.0 m a.s.l.), Anhui province in China from 2023 to 2025.
The experimental site is located in the northeast of the country with an annual single maize (Zea mays L.)-wheat
(Triticum aestivum L.) rotation system. The region is classified as a semimoist and semi-dry warm temperature
monsoon climate. The annual mean temperature is 15-16 °C and accumulated temperatures above 10 °C are
4350-4800 °C. Annual mean precipitation is 806 mm. Soil samples (0-20 cm) were collected from the
experimental field for analyzing soil physical and chemical properties before wheat sowing and basal fertilizers
application. The soil properties at the initial of the experiment were total 0.87 g kg* N, 0.58 g kg* total P, 102.14
mg kg available N, 8.12 mg kg™ available P, 95.45 mg kg™ available K, 17.69 g kg* organic matter, and pH 7.5.
The soil with relatively low N and P content, medium K and organic matter content.

Experimental design

The field experiment was conducted as a randomized block design with four fertilization models as the treatment
variables, four treatments and each treatment was replicated three times. For all plots, 155 kg N ha, 60 kg P-0s ha™
and 55 kg K20 ha were applied as basal fertilizer before sowing, and four types of solid fertilizers were top-dressed at
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jointing stage of wheat. The weight of top-dressed fertilizers were the same (300 kg ha™), the four types of top-
dressed fertilizers were: Ordinary compound fertilizer, N:P20s:K20 = 15%:15%:15% (F1); wheat-specific
compound fertilizer, N:P20s:K20 = 26%:10%:9% (F2); urea, N = 46% (F3); and no topdressing (CK). The F1, F2 and
F3 are the three most commonly used fertilizers in wheat production in China. The plot size was 10 m x 20 m
with a row space of 20 cm, and the distance between neighboring plots was 40 cm. The local wheat variety
Wanken wheat 22 was selected and planted on 14 October 2023 and 2024 with the density 250 x 10* ha* for
basic seedlings, and was harvested on 3 June of the following year 2024 and 2025.

Sampling and measurements

For root traits, roots were sampled at flowering stage in 2024 and 2025, sampling depth was 0 ~ 40 cm, and
sampling width was 20 cm (10 cm on each side of wheat plant). Root samples were kept in an icebox and
transported to the laboratory within 2 h of collection, and the root system of the target plant was separated from
other roots by carefully extracting roots under running water on a sieve (mesh size 0.2 mm). Root samples were
scanned by root image analysis software WinRhizo (Instruments Regent Co., Ville de Québec, Québec, Canada),
each treatment was repeated nine times, and root length, root surface area, root volume, root diameter, root
forks and root tips per plant were measured.

For leaf area of photosynthetic efficiency, flag leaf, second and third leaves from the top of wheat plants were
selected and measured by a portable leaf area meter (Li-3000C, LI-COR, Lincoln, Nebraska, USA). Nine wheat
plants were sampled from each treatment at flowering stage in 2024 and 2025, respectively, and the
measurements were repeated nine times for each parameter.

Chlorophyll content was measured with a hand-held chlorophyll meter (SPAD-502, Konica Minolta Company,
Tokyo, Japan), measuring area was 2 mm x 3 mm; the same parts of flag leaves of the wheat plants were selected
and measured at flowering and middle of filling stages in 2024 and 2025, respectively. Nine flag leaves in each
treatment were chosen for measurement (each leaf was measured three times).

Photosynthetic characteristics were measured with a portable photosynthesis system (LI-6400, LI-COR) to
evaluate leaf photosynthetic rate, stomatal conductance, transpiration rate, and intercellular CO2 concentration
at 09:30-11:30 h local time at the flowering stage in 2024 and 2025. Nine flag leaves of wheat plant in each plot
were chosen for the photosynthetic measurements.

Canopy photosynthetically active radiation (PAR) was measured by SunScan Canopy Analysis System (Delta-T
Devices, Cambridge, UK) at flowering and middle of filling stages of wheat, and the PAR of the canopy was
calculated by the difference value between the PAR of the top (approximately 1.5 m above-ground level) and
bottom (transmitted PAR measured at the base of the canopy) of wheat canopy; the measurement time was
09:30-11:30 h and 13:30-15:30 h in 2024 and 2025. The spot measurements were limited to clear days to avoid
poor quality of incident PAR (e.g., multiple sources of PAR due to cloud refraction and reflection), which influences
the light interception measurements. Nine measurements were taken for the ‘top’ and ‘bottom’ canopy position
at locations selected randomly in each plot in rapid succession.

Accumulation rate of photosynthetic products was evaluated as: Grain filling rate = DM weight of grain of
population (kg)/Number of days during the measurement of two growth periods (d); DM accumulation rate of
stem and leaf = DM weight of stem and leaf of population (kg)/Number of days during the measurement of two
growth periods (d). To obtain DM weight, 20 wheat plants in each plot were sampled (at jointing stage, booting
stage, flowering stage, middle of filling stage and maturity stage) and oven dried at 80 °C for 60 h till they reached
constant weight.

Harvest index = Grain yield/Total above-ground biomass at physiological maturity.

Data analysis

The experiment was carried out as a randomized block design with four types of topdressing fertilizers as the
treatment variable. All data was expressed as means over three replicates. The ANOVA was performed by the
general linear model-univariate procedure in SPSS 21.0 software (IBM, Armonk, New York, USA). The ANOVAs
were performed with the type of topdressing fertilizer as the main effect, and the tests of population normality
and variance equality were also conducted. All treatment means were compared for any significant differences
by the Duncan’s multiple range tests at the a = 0.05 significance level.
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RESULTS

Effects of topdressing fertilizer types on root traits

Root length (Table 1), root surface area, root volume, root diameter, root tips and root forks in CK were
significantly lower than that in F1, F2 and F3, indicating that topdressing fertilizer at jointing stage significantly
improved wheat root traits. Compared to F1 and F3, F2 significantly increased root length, root surface area, root
volume, root diameter, root tips, root forks by 9.01%, 7.84%, 5.69%, 7.32%, 2.60%, 9.87% and 15.81%, 16.04%,
11.11%, 11.15%, 6.33%, 15.66 in 2024 and 2025, respectively. Compared to F3, F1 had higher root length, root
surface area, root volume, root diameter, root tips and root forks, and the differences in root surface area, root
tips, root forks between F1 and F3 were significant.

Table 1. Effects of topdressing fertilizer types on root traits of wheat at flowering stage. Values are
means * SD (n = 9). Means followed by different letters in the same column indicate significant
difference (p < 0.05). F1: Ordinary compound fertilizer (N:P20s:K20 = 15%:15%:15%); F2: wheat-
specific compound fertilizer (N:P20s5:K20 = 26%:10%:9%); F3: urea (N = 46%); CK: no topdressing.

Root Root surface Root Root Root Root
length area volume diameter tips forks
cm plant? cm? plant? cm? plant? mm plant? nr nr

2024
F1 126.90+10.99°  78.30 £ 5.89° 2.41+0.12b 0.676 £0.03> 555.71+12.30° 1009.73 +46.61°
F2 140.70 £ 7.672 84.44 +3.252 2.56+£0.102 0.731+0.022 580.20 £ 9.962 1152.26 £ 45.632
F3 112.20 £9.19¢ 70.60 £ 3.56¢ 2.30+0.12b 0.641 £ 0.04¢ 518.17 £9.79¢ 958.58 + 23.45¢
CK 82.64 + 6.264 55.02 £ 2.67 1.97 £0.15¢ 0.519+0.02¢ 42043 +16.169 742.29+17.874
2025
F1 124.83 +9.75b 76.94 + 3.50° 2.46 +0.14° 0.669 £0.03° 578.33+11.71° 1042.322 +50.54°
F2 136.08 £9.172 82.97+2.17? 2.60+0.132 0.718 £ 0.022 593.38 £9.21@ 1145.178 +52.40?
F3 117.50 + 8.28b 71.50 £ 3.39¢ 2.34 £0.16° 0.646 £0.03°> 558.06+10.24c¢ 990.1444 + 15.24¢
CK 86.24 +5.39¢ 57.00 £ 2.544 1.93 +£0.15¢ 0.506 £ 0.02¢  443.34+15.09¢ 775.3778 + 15.644

Effects of topdressing fertilizer types on canopy photosynthesis

Leaf area of photosynthetic efficiency. The areas of flag leaf (Figure 1), second leaf, and third leaf from the top in
CK were significantly lower than that in F1, F2 and F3. The areas of flag leaf, second leaf, and third leaf from top
in F2 were slightly higher than that in F3, but the differences between F2 and F3 were nonsignificant. Compared
to F1, F2 significantly increased the area of flag leaf, second and third leaves from top by 11.44%, 9.22%, 9.08%
in 2024 and 14.28%, 7.39%, 10.52% in 2025, respectively. In addition, the area of flag leaf, second and third leaves
from top in F3 were slightly higher than that in F1, indicating that topdressing the same weight of urea was more
beneficial for increasing single leaf area of canopy when compared to ordinary compound fertilizer.
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Figure 1. Effects of topdressing fertilizer types on single leaf area of wheat canopy. Values are means
+SD (n = 9). Different letters above columns indicate significant difference by LSD test (ANOVA) at
the 5% level. F1: Ordinary compound fertilizer (N:P20s:K20 = 15%:15%:15%); F2: wheat-specific
compound fertilizer (N:P20s:K20 = 26%:10%:9%); F3: urea (N = 46%); CK: no topdressing.

Chlorophyll content. The chlorophyll content in F2 was slightly higher than that in F3 at flowering stage, while
was slightly lower than that in F3 at middle of filling stage, and the differences between F2 and F3 were
nonsignificant (Figure 2). The chlorophyll content in CK was the lowest, compared to CK, F2 and F3 significantly
increased chlorophyll content. The chlorophyll content in F3 was significantly higher (flowering stage) or slightly
higher (middle of filling stage) than that in F1, indicating that topdressing urea (high N content) at jointing stage
can increase chlorophyll content when compared to topdressing ordinary compound fertilizer (low N content),

even though the ordinary compound fertilizer provided P and K.
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Figure 2. Effects of topdressing fertilizer types on chlorophyll content. Values are means + SD (n = 9).
Different letters above columns indicate significant difference by LSD test (ANOVA) at the 5% level.
F1: Ordinary compound fertilizer (N:P20s:K20 = 15%:15%:15%); F2: wheat-specific compound fertilizer
(N:P205:K20 = 26%:10%:9%); F3: urea (N = 46%); CK: no topdressing. *Significant (p < 0.05); ns:

nonsignificant (p > 0.05).
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Photosynthetic characteristics. The effect of topdressing fertilizer types (Table 2) on photosynthetic rate,
stomatal conductance, and transpiration rate was consistently F2 > F3 > F1 > CK. The value of intercellular CO>
concentration was the highest in CK, and the lowest in F2, and the difference between CK and F2 was significant.
Compared to CK, F1, F2 and F3 significantly increased photosynthetic rate. The differences in photosynthetic rate,
stomatal conductance, transpiration rate and intercellular CO2 concentration between F1 and F3 were
insignificant, indicating that the photosynthetic characteristics does not show obvious differences when
topdressing urea or ordinary compound fertilizer at jointing stage.

Table 2. Effects of topdressing fertilizer types on photosynthetic characteristics of flag leaf at
flowering stage. Values are means + SD (n = 9). Means followed by different letters in the same column
indicate significant difference (p < 0.05). F1: Ordinary compound fertilizer (N:P20s:K20 =
15%:15%:15%); F2: wheat-specific compound fertilizer (N:P20s:K20 = 26%:10%:9%); F3: urea (N =
46%); CK: no topdressing.

Photosynthetic Stomatal Transpiration Intercellular CO2
rate conductance rate concentration
umol m2 ! mol m2s? mmol m?2 s umol mol?
2024
F1 15.63 +0.92° 0.475 +0.03% 3.91+0.37° 386.74 + 19.46%°
F2 17.80 + 1.052 0.516+ 0.032 4.15+0.27° 321.51+33.27¢
F3 15.78 +1.20° 0.479+0.11%° 3.98 + 0.262 382.08 +38.73°
CK 14.00 + 1.38° 0.419 +0.03° 3.46 +0.29° 413.40 + 19.062
2025
F1 16.50 + 1.552 0.497 +0.04? 3.88 + 0.40° 375.14 +32.91°
F2 17.71 £1.74° 0.541 +0.09° 436+0.232 327.68+21.89¢
F3 16.55 + 1.472 0.503 +0.04? 3.92 £0.29° 377.23 +28.60°
CK 14.70 + 1.10° 0.422 +0.02° 3.09 +0.18° 426.73 + 28.14°

Canopy photosynthetically active radiation. The canopy (Figure 3) PAR in CK was significantly lower than that in
F1, F2, and F3. Compared to F1 and F3, F2 significantly increased canopy PAR, indicating that topdressing wheat-
specific compound fertilizer was beneficial for improving canopy PAR when compared to topdressing ordinary
compound fertilizer and urea. Compared to F1, F3 significantly increased canopy PAR by 4.33% and 4.41% at
flowering and middle of filling stages in 2024, and significantly increased by 6.72% and 4.63% in 2025, respectively.

2024 2025
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F1 F2 F3 CK F1 F2 F3 CK F1 F2 F3 CK F1 F2 F3 CK
Figure 3. Effects of topdressing fertilizer types on canopy photosynthetically active radiation of wheat.
Values are means + SD (n = 9). Different letters above columns indicate significant difference by LSD test
(ANOVA) at the 5% level. F1: Ordinary compound fertilizer (N:P20s5:K20 = 15%:15%:15%); F2: wheat-
specific compound fertilizer (N:P20s:K20 = 26%:10%:9%); F3: urea (N = 46%); CK: no topdressing.
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Effects of topdressing fertilizer types on accumulation rate of photosynthetic products

The grain filling rate (Figure 4) from flowering stage to middle of filling stage, and from middle of filling stage to
maturity stage were consistently F2 > F1 > F3, while DM accumulation rate of stem and leaf from jointing stage
to booting stage, and from booting stage to flowering stage were consistently F3 > F2 > F1. Indicating that
topdressing compound fertilize was more beneficial for improving grain filling rate, while topdressing urea was
more beneficial for improving DM accumulation rate of stem and leaf. Compared to F1, F2 increased grain filling
rate and significantly increased DM accumulation rate of stem and leaf.
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Figure 4. Effects of topdressing fertilizer types on accumulation rate of photosynthetic products.
Values are means + SD (n = 6). Different letters indicate significant difference by LSD test (ANOVA)
at the 5% level. F1: Ordinary compound fertilizer (N:P20s:K20 = 15%:15%:15%); F2: wheat-specific
compound fertilizer (N:P20s:K20 = 26%:10%:9%); F3: urea (N = 46%); CK: no topdressing.
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Effects of topdressing fertilizer types on yield and harvest index

The yield in CK was significantly lower than that in F1, F2 and F3 (Figure 5). Compared to F1, F2 significantly
increased yield by 7.26% and 8.13% in 2024 and 2025, and increased harvest index by 4.05% and 2.77% in 2024
and 2025 respectively. Compared to F3, F1 and F2 significantly increased yield and harvest index, indicating that
topdressing compound fertilize at jointing stage was beneficial for improving yield and harvest index when
compared to topdressing urea. Compared to CK, F3 significantly increased yield, while the difference in harvest
index between CK and F3 was nonsignificant, indicating that topdressing urea was beneficial for improving yield,
but it was not beneficial for improving harvest index when compared to no topdressing. The yield and harvest
index in F2 were the highest.
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Figure 5. Effects of topdressing fertilizer types on yield and harvest index. Values are means = SD
(n = 3). Different letters above columns indicate significant difference by LSD test (ANOVA) at the 5%
level. F1: Ordinary compound fertilizer (N:P20s:K20 = 15%:15%:15%); F2: wheat-specific compound
fertilizer (N:P20s:K20 = 26%:10%:9%); F3: urea (N = 46%); CK: no topdressing.
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DISCUSSION

Crop root traits are strongly influenced by a wide range of abiotic factors, fertilizer usually affects the nutrient
status in the soil, which in turn affects growth, development, and morphology of plant roots. Lopez et al. (2023)
observed that crop grown on nutrient-rich soil patches enhanced number and length of fine lateral roots, thus
positively affecting the overall specific root length. Wen et al. (2016) observed that the treatment of combined
applications of N and P fertilizers with manure had the best effects on improving root growth and development.
He et al. (2024) indicated that combining base to topdressing ratio and layered application of fertilizer stimulated
root growth, optimized root spatial distribution and delayed root senescence. In this study, we found that
topdressing fertilizer at jointing stage significantly improved wheat root traits when compared to no topdressing
(CK); compared to ordinary compound fertilizer (F1) and urea (F3), topdressing wheat-specific compound
fertilizer (F2) significantly enhanced root length, root surface area, root volume, root diameter, root tips and root
forks, and topdressing ordinary compound fertilizer was more conducive to improving root traits than topdressing
urea. Compared to topdressing ordinary compound fertilizer, the potential mechanisms for topdressing wheat-
specific compound fertilizer can improve root traits mainly due to wheat-specific compound fertilizer has higher
N content (under the same weight of solid fertilizer), and suitable or sufficient N supply is extremely important
for the growth of wheat roots (Chen et al., 2021a); in addition, wheat-specific compound fertilizer may better
balance the N, P and K demand of wheat roots and plants. Compared to topdressing urea, topdressing ordinary
compound fertilizer can improve root traits mainly due to P and K are equally important for the growth of wheat
roots (Liu, 2021), and excessive N supply with lack of P, K (urea) is not conducive to root growth (Ordéfiez et al.,
2021; Chen et al,, 2021a).

Crop growth is closely related to photosynthesis, which is influenced by fertilizer application and the nutrient
status of the plant, expressed at canopy level as leaf area, chlorophyll content, photosynthetic rate and
photosynthetically active radiation (PAR). Ahmad et al. (2012) indicated that fertilizer split application as a top
dressing along with a basal dose at sowing to Cs winter cereals in saline soils may be adopted as an alternate
strategy to enhance radiation-use efficiency by increasing fertilizer use efficiency. Yousefi et al. (2020) found that
applying new (biological) fertilizers obviously increased the maximum leaf area index and radiation-use efficiency
of crop when compared with the control. Chen et al. (2021b) also observed that different fertilizer types and
dosages could cause significant differences in the photosynthetic effects of crop leaves. In this study, we found
that topdressing urea increased single leaf area, chlorophyll content, photosynthetic rate and PAR of canopy
when compared to ordinary compound fertilizer; compared to topdressing ordinary compound fertilizer and
urea, topdressing wheat-specific compound fertilizer increased the single leaf area of canopy, chlorophyll content
(at flowering stage), photosynthetic rate and canopy PAR, while the chlorophyll content in F2 was slightly lower
than that in F3 at middle of filling stage. Topdressing urea could improve wheat canopy photosynthesis when
compared to topdressing ordinary compound fertilizer (under the same weight), the main reason may be that
urea provides more N sources for canopy photosynthesis, and N as a macro-element plays a vital role in
photosynthesis (Mu and Chen, 2021), and the soil itself contains a certain amount of P and K; topdressing wheat-
specific compound fertilizer could improve canopy photosynthesis when compared to topdressing ordinary
compound fertilizer and urea, the reason mainly due to wheat-specific compound fertilizer not only provides
suitable or sufficient N but also a certain amount of P and K, which can better meet the demand of N, P and K for
canopy photosynthesis.

To date, large amounts of fertilizers have been applied to farmlands to obtain higher crop vyields, exploring
how the yield respond to fertilizer types and fertilizer application methods would be beneficial for reducing
fertilizer application and improving yield (Zhai et al., 2022). Vejan et al. (2021) indicated that the application of
slow-release compound fertilizer has been a gamechanger as an environmentally sustainable pathway to enhance
crop yields by paving desired phase of plant growth via a direct or indirect mechanism. Liu et al. (2019) and Zhang
et al. (2023) also reported that by dividing fertilizer into basal and topdressing applications (topdressing can
reduce fertilizer loss caused by limited nutrient absorption capacity of crop in early stage), the source-sink
relationship could be regulated, further improving crop vyields, increasing fertilizer uptake rate and reducing
fertilizer input. In this study we found that topdressing compound fertilizer (F1 and F2) improved grain filling rate,
yield and harvest index when compared to topdressing urea, while topdressing urea was more beneficial for
improving DM accumulation rate of stem and leaf. The reason may be that the coordination of N, P, and K
nutrients (topdressing compound fertilizer) is more conducive to improving grain filling rate and promoting the
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transfer of photosynthetic products to grains (Moe et al., 2019; Pleskachiov et al., 2022), thereby increasing yield
and harvest index; however, excessive N input (topdressing urea) without P and K would lead to the demand for
P and K is difficult to meet in the later stages of wheat growth, and more photosynthetic products transport to
leaves and stems, thereby decreasing grain yield and harvest index. In addition, compared to topdressing ordinary
compound fertilizer (low N content), wheat-specific compound fertilizer (suitable or sufficient N content)
improved accumulation rate of photosynthetic products, yield and harvest index, even though F1 had higher P
and K content than F2. The reason may be that although the base fertilizer contains suitable amount of N, N
absorption and utilization capacity during wheat seedling stage is relatively low, resulting in large losses of N,
therefore, sufficient N supplementation is still needed for topdressing to meet the growth and development
needs of wheat in the middle and later stages.

CONCLUSIONS

Our study showed that compared with topdressing the same weight of urea, topdressing ordinary compound
fertilizer improved root traits, grain filling rate, yield and harvest index, while decreased single leaf area of canopy,
chlorophyll content, photosynthetic rate, canopy photosynthetically active radiation, DM accumulation rate of
stem and leaf. Proving that topdressing excessive N without P and K (urea) could improve canopy photosynthesis
and the accumulation of photosynthetic products in stems and leaves, but it was not conducive to improving root
traits and the transfer of photosynthetic products to grains, thereby reducing yield and harvest index. Revealing
that topdressing sufficient N with suitable P and K (wheat-specific compound fertilizer) was more beneficial for
improving root traits, canopy photosynthesis, grain filling rate, yield and harvest index when compared with
topdressing urea (excessive N without P and K) or less N with sufficient P and K (ordinary compound fertilizer).
Therefore, in wheat topdressing strategies, it is necessary to ensure topdressing wheat-specific compound fertilizer
(under the same weight condition), rather than urea and ordinary compound fertilizer.
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