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Abstract

Poa pratensis L. cv. Qinghai is a major grass species utilized for the restoration of the 'black beach' in the Three River Source region. However, its
seed production has been relatively underdeveloped. To enhance the seed yield, this experiment aimed to determine the optimal application
ratio and amount of base fertilizer to achieve high-yield production of seeds in Poa pratensis. Using the '3414' fertilization scheme, the plants (cv.
Qinghai) were fertilized with a base fertilizer varying in ratios and quantities of nitrogen, phosphorus, and potassium. Regression analysis was
employed to identify the most appropriate base fertilizer application scheme, in order to increase the seed yield of its. K fertilizer had no
significant effect on the seed yield of Poa pratensis, but applying K fertilizer (50 kg-hm™2) as base fertilizer improved the seed quality. Seed yield
reached the highest level due to the increased number of seeds per panicle and reproductive tillers by applying fertilizer comprising 130 kg-ha™’
N, 100 kg-ha™" P, and 50 kg-ha™' K. This study demonstrated that the highest number of seeds per panicle and reproductive tillers per square
meter were key field components enhanced by the optimal formulation of base fertilizer for seed production of Poa pratensis.
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Introduction

Fertilizer application is an indispensable management mea-
sure for high crop yields. Proper fertilizer application provides
plants with the nutrients needed for growth and development
and suppresses weeds and pests, thereby promoting high
yields and increased quality of crop seedsl'-3l. The impact of
fertilization on grassland productivity is mainly focused on the
impact on forage yield, and the impact on seed yield and qual-
ity is rarely reported. Nitrogen (N), phosphorus (P), and potas-
sium (K) are essential elements for healthy crop growth, and
extremely high or low application amounts are detrimental to
crop seed production. Fertilizer application can improve seed
yield, and a combination of N, P, and K fertilizers is more effec-
tive than application of a single element(*-6l. Appropriate fertil-
ization can promote forage grass growth and improve seed
yield and quality!”\. The interactive effects of fertilizers signifi-
cantly impact seed yield8l, However, the optimal rates and ratio
of N, P, and K fertilizers for high-yield production of seeds may
vary with plant species and plant growth stage when fertilizers
are applied.

The Three River Source region is the primary origin of China's
water system and plays a crucial role in maintaining ecological
balance. The grasslands in the Three Rivers source region have
been degraded on a large scale because of exploitation since
the 1990s. Years of experimental research have shown that
planting artificial grasslands is one of the most effective
methods to restore and re-establish degraded grassland
vegetation in the Three Rivers source region. Poa pratensis L.
cv. Qinghai is a new species of wild cultivated forage grass.
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However, outdated seed production techniques have limited
its widespread application; thus, optimization of seed produc-
tion methods are urgent for the widespread applicability of Poa
pratensis.

Perennial grasses, such as Poa pratensis, form vegetative
tillers in the first year of plants and form fertile reproductive
tillers in the following year. The reproductive tiller formation
plays a key role in the seed yield['%!. The application of N, P, and
K fertilizers can promote the formation of tillers in plants('’.12,
Therefore, applying base fertilizer during the planting process
may directly affect the formation of Poa pratensis tillers, which
subsequently affects the number of fertile reproductive
branches formed in the following year, thereby regulating seed
yield. In this study, we aimed to identify the optimal fertilizer
application ratio to improve seed yield and seed quality of Poa
pratensis L. cv. Qinghai. The '3414' fertilizer scheme as base
fertilizer application was used to analyze and evaluate the
effects of different fertilizer ratios on seed yield and seed qual-
ity of Poa pratensis L. cv. Qinghai in this experiment. The results
provide a theoretical basis for seed production and cultivation
management techniques of Poa pratensis L. cv. Qinghai on the
Qinghai-Tibet Plateau.

Results

Differential effects of fertilizer compositions on Poa
pratensis seed yield

The seed yield of all fertilization treatments was significantly
higher than that of the NyP K, treatment (P < 0.05). The N,P,K,
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treatment resulted in the highest seed yield, reaching 1017.69
kg-hm~2, which was 25.64%, 4.75%, 8.90%, and 47.00% higher
than that in the NyP,K, (no N application), N,PyK; (no P applica-
tion), N,P>K, (no K application), and NoPoK, (no fertilizer appli-
cation) treatments, respectively (Fig. 1).

Differential effects of fertilizer compositions on Poa
pratensis seed yield components

From Table 1, no distinct variation patterns were observed
for panicle length, seeds number per panicle, floret site utiliza-
tion, and thousand-seed-weight under different treatments.
However, the N,PK, treatment demonstrated the longest pani-
cle length, exceeding the control treatment (NoPyK,) by 2.28
cm. No significant differences were observed in the seeds
number per panicle among treatments (P > 0.05). The highest
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floret site utilization was observed in the N,P¢K, and N,P,K,
treatments, reaching 0.91, which was 0.2 higher than that in the
control treatment (NyPyK;). The N,P,K; treatment exhibited the
highest thousand-seed-weight, at 0.32 g, representing an
increase of 52.38% compared with that of the control treat-
ment (NgPoKs). The N,P,K, treatment showed the highest
number of seeds number per panicle and reproductive
branches per square meter, with 134 seeds number per panicle,
representing an increase of 47.25% than that of the control
treatment (NyPoKy), and 3528.68 reproductive branches per
square meter, representing an increase of 48.47% compared
with that in the control treatment (NyPoKy).

The relationship between actual seed yield and different
components was analyzed using stepwise regression. The
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Fig. 1 Effects of fertilization Poa pratensis L. cv. Qinghai seed Yield. Different lowercase letters represent significant differences at the 0.05
level.
Table 1. Effects of fertilization on seed yield components of Poa pratensis L. cv. Qinghai.
Reproductive branch
. . Seeds number - e Thousand-seed-

Treatment  Panicle length /cm Spikelets number /per panicle Floret site utilization weight /g numbe;}gteerrsquare
NoPoKo 11.55 + 0.6abc 16.67 + 1.76a 91.33+1.33d 0.89 £0.03a 0.21 £0.01e 2376.73+£18.01d
NoP2K; 13.64 + 0.81ab 20.67 £2.19a 106.67 + 0.33¢ 0.78 £0.03c 0.29 £ 0.01abc 2794.13 £57.27c
N;P,K, 12.27 £ 0.13abc 16.00 + 0.58a 121.33 £ 6.84b 0.85+0.11b 0.23+0.01de 3189.67 + 122.00b
N,PoK, 11.58 £ 1.58abc 17.67 +1.20a 128.00 + 1.53ab 0.91+£0.01a 0.28 +0.01bc 3353.89 +35.22ab
N,P;K; 11.78 + 0.26abc 20.67 £4.81a 131.33 + 5.04ab 0.90 £ 0.03a 0.26 + 0.02cd 3444.86 + 198.35ab
N,P,K, 13.29£0.61ab 18.67 + 0.88a 134.00 = 4.73a 0.90 + 0.05a 0.23+£0.01e 3528.68 = 125.73a
N,P3K, 11.05 + 1.17abc 18.67 + 2.40a 127.33 + 1.86ab 0.85+0.03b 0.31+£0.01ab 3327.71 £ 34.95ab
N,P,Kq 11.2 £ 0.97abc 19.67 £3.71a 123.00 + 2.52ab 0.91 £0.03a 0.22 £0.02e 3201.11 £ 53.94b
N,P,K; 11.58 £ 0.16abc 18.67 +2.19a 124.33 +3.38ab 0.86 + 0.09ab 0.27 +£0.01cd 3249.9 + 25.04b
N,P,Ks3 13.01 + 1.12ab 18.00+ 1.15a 127.67 +3.18ab 0.88 £ 0.03ab 0.23 £ 0.02de 3345.80 + 28.44ab
N5P,K, 12.73 £ 1.24abc 18.00 + 2.08a 125.33 £ 0.88ab 0.87 + 0.03ab 0.31+0.01ab 3271.64 + 57.50ab
N, P;K, 13.83 £ 0.74a 18.33 +£2.40a 121.67 +3.28b 0.78 £0.03c 0.26 +0.01cd 3181.97 £ 24.36b
N;P>K; 10.82 + 0.36bc 1533+ 1.76a 127.00 + 2.08ab 0.80 + 0.09bc 0.21£0.01e 3339.12 +33.80ab
N,P;K; 9.95 £ 0.92¢ 16.00 + 1.00a 125.00 + 2.89ab 0.88 + 0.03ab 0.32+0.01a 3278.06 + 36.58ab
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results showed that the seed yield was only positively corre-
lated with the reproductive branches per square meter (RZ =
0.996, P = 0.000), with a path coefficient of 0.998. The regres-
sion equation was Yield = 18.533 + 0.284 x Reproductive branch
number per square meter (R2 = 0.996, P = 0.000). This equation
indicates that, when other factors are kept constant, each unit
increase in reproductive branches per square meter leads to an
increase of 18.817 kg-hm~2 in seed yield, suggesting that N, P,
and K fertilization primarily impacted the reproductive branch
number per square meter of Poa pratensis L. cv. Qinghai,
thereby achieving the goal of increased seed yield.

Differential effects of fertilizer compositions on Poa
pratensis seed quality

Figure 2 shows that the germination rate, germination
potential, germination indices, and vigor index of Poa pratensis
L. cv. Qinghai treated with N,P,K, were significantly higher
than those treated with NgPyK, (P < 0.05), with increases of
59.57%, 73.91%, 54.17%, and 223.00% respectively. Additionally,
analysis of seed quality under the single factor fertilization
treatments (Fig. 3) revealed that the germination rate, germina-
tion potential, germination indices, and vigor index of seeds
treated with N,, P,, and K, at the P,K,, N,K,, and N,P, levels
were significantly higher than those treated with Ny, Py, and K,
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(P < 0.05), respectively. Furthermore, these indicators were also
significantly higher than those at the other two levels
(P <0.05).

Finally, the Bartlett sphericity test (Table 2) confirmed that a
factor analysis could be conducted on the four indicators of
seed quality. Principal component analysis was performed to
assess the four indicators of each treatment comprehensively,
and then the treatments were ranked to determine the best
seed quality treatment. The results indicated that the seed
quality of Poa pratensis L. cv. Qinghai was optimal under the
N,P,K, treatment.

Relationship between fertilizer compositions and Poa
pratensis seed yield

This study conducted a dimensionless analysis of the fertil-
izer effects of rice variety '3414' in a field experiment using R
language. The average unit price of local market fertilizers
was 4.85-yuan-kg~' for N, 4.68-yuan-kg~' for P,0;, and 7.21-
yuan-kg~! for K,0. The average market purchase price of the
Poa pratensis L. cv. Qinghai seeds is 45-yuan-kg'.

After the fitting of 14 fertilizer treatments and seed yield, the
regression equations for the interaction effects of N, P, and K
fertilizers and the seed yield of Poa pratensis L. cv. Qinghai was
obtained as follows:

a 09r b 09
0sf a . os|
al
™ be
0.7 cd % © 0.7F
=3
d =
§ 0.6 - {_ e ~§ 0.6
] =
2 efgh efg € of of o) a ab a
= gh et = ——
; 0.5 Hghi hi % = hi - 805 b — Ex
o — : ghi
= — i == = =
§ 0.4 . 2 04 od ¢
0 03 E 03— f; efg f ce
&) )
)
02 02
0.1 0.1
0.0 0.0
C 9 d 3,000
80t a a
a 2,500 T %
a a .
70 + Ea = b
b
b
§ 60 —I_ be 2,000 | cde [L] % od
S cd T % cde %
=5 T de [] de < i cdef T
S [ et ef % e _dIe_ ef — -8 = P def  p
'g 1 En f P sg 1,500 | £ = of i
R + E -1 |y
g >
3 30 1,000 F
O g
20
500
10
o , \ . ol " 7 "
o AR 22 2 2 v & 0 N ~ ) N N o 92 . AR SR AR 2 %,w :@ N %.: L o N N
JFTFIIIFITIIIFTIIIIIIIIIE JTFIIFITIIIFTIIIIIIIIE
Treatment

Fig.2 Effects of different fertilization treatments on Poa pratensis L. cv. Qinghai seed quality.
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Fig.3 Effects of different fertilization levels on seed quality of Poa pratensis L. cv. Qinghai.

Table 2. Factor analysis test of seed quality.

KMO test and Bartlett test

KMO value 0.746
Bartlett sphericity test Approximate y? 82.566
df 6
P 0.000%**

Yield =692.961 + 2.131 X N+ 2.623 X P + 0.988 x K- 0.010 x
N2 —0.004 x P2 — 0.016 X K2 — 0.007 Xx N X P+ 0.022 x N X K —
0.018xPx K

The regression equation has a correlation coefficient of R2 =
0.98, P = 0.006 < 0.05, and F = 19.14, indicating a significant
level for the F-test. The regression equation also conforms to
the law of diminishing returns, where the coefficient of the first-
order term is positive, and the coefficient of the second-order
term is negativel'3l, This law indicates a successful fitting of a
typical three-variable quadratic fertilizer response function. To
solve for the maximum and optimal yield based on the princi-
ple of zero marginal yields and zero marginal profit, the partial
derivatives of the obtained quadratic equation are equated to
zero, resulting in two sets of three-variable linear equations.

2.131-0.007 X P+ 0.022 X K—0.010x 2 X N) =0

2623 -0.007 x N-0.018 x K—0.004 x (2%xP)=0

0.988 +0.022xN—-0.018 x P-0.016 x 2 X K) =0

The theoretical maximum yield of Poa pratensis L. cv. Qing-
hai can be obtained by solving the linear equations for the
given values of N = 119 kg-hm=2, P = 115 kg-hm~2, and K = 48
kg-hm~=2. This maximum yield was calculated as 994.75 kg-hm—2.

Using the price variable, the optimal fertilization scheme was
obtained as follows:

2.131-0.007 X P+ 0.022 x K—0.010 x (2 X N) = 4.85/45

2.623 —0.007 x N - 0.018 X K—0.004 x (2 X P) = 68/45

0.988 +0.022 x N—-0.018 X P—0.016 X (2 X K) =21/45

When the values of N = 117 kg-hm=2, P = 104 kg-hm~2, and
K = 47 kg-hm=2 were used, the theoretical optimal yield of Poa
pratensis L. cv. Qinghai was obtained and calculated as 993.84
kg-hm-2,

The effects of N and P fertilizer, N and K fertilizer, and P and K
fertilizer on the Poa pratensis L. cv. Qinghai seed yield was again
fitted separately. The interaction effects of N and P fertilizer
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were analyzed by treatments 2, 3, 4, 5, 6, 7, 11, and 12 with K
fertilizer as the second level. Thus, the regression model of seed
yield with the interaction effects of N and P fertilizer was
obtained as follows:

Yield = 704.644 + 3.328 X N + 1.447 X P — 0.010 X N2 — 0.004 X
P2-0.006 x N x P

The regression equation had a significant correlation coeffi-
cient R2 = 0.89, with P = 0.048 < 0.05 and F = 19.14, indicating a
significant regression relationship between the amount of N
and P fertilizer applied and the seed yield of Poa pratensis L. cv.
Qinghai.

Examining Fig. 4a, we observed an upward convex parabolic
surface as the three-dimensional surface plot of the interaction
effect equation between the N and P fertilizer when the N fertil-
izer application was 130 kg-hm=2. The highest point of this
surface was located within the range of N fertilizer application
between 0 and 260 kg-hm=2 and the P fertilizer application
between 0 and 200 kg-hm~2, as shown in Fig. 4b. This distribu-
tion allows for determination of the maximum yield, optimal
yield, and corresponding fertilizer application amounts. Finally,
two pairs of simultaneous linear equations were derived by
taking partial derivatives of the obtained quadratic equation
concerning N and P fertilizer and equating them to 0.

3.328-0.006 x P—0.010 x (2x N)=0

1.447 — 0.006 X N—-0.004 x (2xP)=0

The theoretical maximum yield of Poa pratensis L. cv. Qing-
hai can be obtained by solving the linear equations for the
given values of N = 145 kg-hm=2, P = 72 kg-hm~2. This maxi-
mum yield was calculated as 997.762 kg-hm=2,

Using the price variable, the optimal fertilization scheme was
obtained:

3.328 - 0.006 x P — 0.010 x (2 x N) = 4.85/45

1.447 — 0.006 X N — 0.004 x (2 X P) = 4.68/45

When the values of N = 133 kg-hm~2, P = 94 kg-hm~2 were
used, the theoretical optimal yield of Poa pratensis L. cv. Qing-
hai could be obtained and was calculated as 996.040 kg-hm—2.

The obtained fertilizer application scheme based on the
interactive effects of N and P showed similarities with the
N,P,K, treatment, with the actual seed yield from the N,P,K,
treatment being greater than that of the proposed scheme.

Hua et al. Grass Research 2023, 3:27
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(a) Three-dimensional curved surface diagram of the change in Poa pratensis L. cv. Qinghai seed yield under the interaction of N and P

fertilizers. (b) Isogram of Poa pratensis L. cv. Qinghai seed yield under the interaction of N and P fertilizers.

Therefore, we concluded that the N,P,K, treatment was the
optimal fertilizer application scheme for seed production.

The linear regression models between seed yield and fertil-
izer application amount for N and P fertilizer applied together
and separately, as well as that for P and K fertilizer applied
together and separately, were fitted using treatments 2, 3, 6, 8,
9,10, 11, 13, and treatments 4, 5, 6, 7, 8, 9, 10, 14, respectively.
However, none of the model equations were significant (P >
0.05). Additionally, using treatments 2, 3, 6, 11, and treatments
4,5, 6,7,as well as treatments 6, 8, 9, and 10, the linear regres-
sion models between seed yield and the amount of N, P, and K
fertilizer applied individually were fitted. Consequently, none of
the linear fits for seed yield and the application of N, P, and K
fertilizer individually were significant (P > 0.05).

Discussion

In this study, we found that the seed yield was highest under
the N,P,K, treatment, and the interaction between N and P
fertilizers significantly affected seed yield when the amount of
K fertilizer remained constant. However, changes in K fertilizer
did not significantly affect seed yield, and no significant differ-
ence in seed yield was observed between the N,P,K, and
N,P,K, treatments. This finding differed from results of other
crops, possibly due to differences in crop types and planting
areas. As the amount of fertilization increased, the seed yield of
Poa pratensis showed an initial increase followed by a decline,
indicating a linear relationship between fertilization and seed
yield, which was similar to the results of Medicago sativa L.['4]
and consistent with the law of diminishing marginal returns.

N application had a significant effect on the floret site utiliza-
tion, number of seeds per panic, and thousand-seed-weight of
Leymus chinensis (Trin. ex Bunge) Tzvelevl”) and could also
increase the number of reproductive branches per unit area of
Agropyron cristatum L. Gaertn. In contrast, P application could
also increase the number of reproductive branches per unit
area in addition to the aforementioned characteristics('?l.
Researchers determined that the number of reproductive
branches per unit area was a critical factor in determining seed
production for Bromus inermis Leyss!'®l, The pathway analysis
results of this study showed that applying fertilizers containing

Hua et al. Grass Research 2023, 3:27

N, P, and K as basal fertilizers significantly increased the
number of reproductive branches of Poa pratensis L. cv. Qing-
hai in the second year, thereby affecting seed yield. This find-
ing indicates that supplementing the necessary nutrients
required for growth during the early growth stages of Poa
pratensis L. cv. Qinghai through basal fertilization measures can
increase its yield.

Fertilizer application is a crucial factor affecting seed
qualityl'7-18, and seed quality is determined by various
comprehensive indicators, such as germination rate, germina-
tion velocity, germination index, and vigor index. Seed quality
determines the number of seeds used for further production. In
this study, when N, P, and K fertilizers were applied at the inter-
mediate level, seed quality indicators were the highest, and as
the concentration of individual fertilizers increased, they
showed an initial decreasing trend, followed by an increase,
and finally a slight decrease. This trend is different from that
present in other crops, requiring further mechanistic research.
Furthermore, second level K fertilizer application can signifi-
cantly improve the quality of forage grass seeds!'4'9. Our study
found that although changes in K fertilizer did not significantly
affect seed yield, reasonable concentrations of fertilizer can
play a certain role in improving seed quality. This quality can be
attributed to the fact that after plants absorb K fertilizer, K can
act as an activator of enzymes and increase the metabolic activ-
ity of various enzymes in the plant body?%, Furthermore, K can
induce biosynthesis and activity regulation of indoleacetic acid
in plants, thereby improving seed quality.

Conclusions

K fertilizer had no significant effect on the Poa pratensis seed
yield, but the application of 50 kg-hm~2 K fertilizer as base fertil-
izer improved seed quality. N, P, and K as base fertilizers effec-
tively promoted the increase in reproductive branches of Poa
pratensis in the second year, thus achieving a higher seed yield.
The optimal fertilization formula for seed production of Poa
pratensis was intermediate levels of fertilizers with N (130
kg-hm=2), P (100 kg-hm=2), and K (50 kg-hm~2) as the base fertil-
izer. These proportions are optimal owing to the increased
seeds number per panicle and reproductive tillers. The
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mechanisms for stimulating reproductive tillers and seed
production with the intermediate level of N-P-K base fertilizers
could be related to regulating hormone metabolism; however,
this hypothesis deserves further investigation.

Materials and methods

Experimental design

The experiment was conducted from 2021 to 2022 in a test
field located at Guinan County, Hainan Tibetan Autonomous
Prefecture, Qinghai Province, in the village of Luojia, Guinan
Grass Development Co., Ltd. of Sanjiang Group, China. The test

Temperatures in the village of Luojia,
Guinan County
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field is located at 101.21°E, 35.76°N, and the elevation is 3,317
m The experimental site was located in a high-altitude conti-
nental climate, with an average annual temperature of 2.3 °C
and an average annual precipitation of 391 mm, with majority
of the rainfall occurring between July and August. The annual
evaporation rate in the area is over 1,300 mm, with a relative
humidity of 51%. Figure 5 shows the changes in local monthly
temperature, humidity, solar radiation, and precipitation from
the start of sowing in July 2021 to the end of the experiment in
August 2022. It can be seen that the local temperature in July
and August, and September is around 10-20 °C, which is the
highest throughout the year (Fig. 5a). The air humidity is also
the highest throughout the year (Fig. 5b). The difference in

b Humidity in the village of Luojia,
Guinan County

5
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Intermonthly changes in (a) temperature, (b) humidity, (c) solar radiation, and (d) precipitation in the Maying area from July 2021 to
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solar radiation throughout the year is not significant (Fig. 5¢).
The precipitation in July, August, and September is the highest
throughout the year (Fig. 5d). Therefore, it is suitable to sow in
July, with the best water and temperature conditions in August
of the following year, and there are more days with high solar
radiation in July. Data are based on historical reanalysis
datasets from the European Centre for Medium-Range Weather
Forecasts (ECMWF)/National Aeronautics and Space Adminis-
tration NASA)[21],

The soil type of the experimental site comprised chestnut
calcareous soil, and the previous crop was barley, with one year
of fallow prior to the experiment. Before Poa pratensis L. cv
Qinghai was sowed, the basic soil nutrient levels in the 0-30 cm
layer were as follows: soil pH value was 8.5, organic matter
content was 4.8%, total N content was 0.17%, total P content
was 0.062%, total K content was 1.83%, available N content was
129.47 mg-kg~', available P content was 6.9 mg-kg~', and avail-
able K content is 201 mg-kg~".

Poa pratensis L. cv Qinghai seeds were provided by Qinghai
Animal Husbandry and Veterinary Science Academy. The seeds
were subjected to impurity screening and then sowed in July
2021. The '3414' fertilizer scheme was adopted, and a
completely randomized block design was used, with three N, P,
and K factors, each with four levels (0, 1, 2, 3). The '0' level refers
to no fertilizer applied, whereas the '2' level refers to the aver-
age optimal fertilization amount for other crops in the local
area. The '1' level is equivalent to 0.5 times the 2 level, whereas
the '3' level is equivalent to 1.5 times the 2 level (this level refers
to excess fertilization). A total of 14 treatments were applied, as
shown in Table 3. The source of nitrogen fertilizer is urea (N
46%), the source of phosphorus fertilizer is superphosphate
(P;05 12%), and the source of potassium fertilizer is potassium
sulfate (K,0 50%). Before sowing, it is evenly mixed and sprin-
kled into the corresponding plot according to different treat-
ments, with a plot area of 12 square meters (3 m x 4 m). After
plowing, use it as a base fertilizer and repeat each treatment
three times. The sowing amount is 7.5 kg-hm~2, and the sowing
depth is 1T cm. As the first year of Poa pratensis L. cv Qinghai is
for nutritional growth, data collection is conducted from the
second year of planting (late August 2022, when the seeds
mature).

Table 3. N, P, Kratio treatment and fertilizer application amount.

Numbering  Treatment ~ N/kghm=2 P,0s/kg-hm=2 K,0/kg-hm=
1 NoPoKo 0 0 0
2 NoP2K; 0 100 60
3 N;P,K; 65 100 60
4 N2PoK; 130 0 60
5 N,P:K, 130 50 60
6 N2P>K, 130 100 60
7 N,P3K, 130 150 60
8 N,P,Ky 130 100 0
9 N,PK; 130 100 30
10 N,P,K3 130 100 90
1 N3P»K, 195 100 60
12 N;P;K, 65 50 60
13 N;PoK; 65 100 30
14 N,PK; 130 50 30

Note: The number of subscripts in the second column is the code of each
factor.
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Reproductive branch number per square meter

During the ripening period, three 1 m? sample areas were
randomly selected in each plot to obtain and quantify the
number of reproductive branches, and the number of repro-
ductive branches per unit area was calculated.

Seed yield

At seed maturity (80% of seeds mature), three 1 m? sample
areas were randomly selected in each plot, and all the panicles
were harvested. The seeds were manually separated and
cleaned using a winnower and a sieve and weighed after air-
drying for 5 d to obtain the seed yield, which was then
converted to yield per hectare in kg-m=2.

Botanical characters

Ten panicles with consistent growth were selected from each
plot for botanical measurements, including panic length,
spikelet number per panicle, and seed number per panicle. The
floret site utilization was calculated as the ratio of the number
of full seeds to the number of spikelets on each panicle.

Thousand-seed-weight

After harvesting, 1,000 randomly selected seeds were
weighed for each treatment, and this process was repeated five
times to obtain the average value.

Seed quality

After harvesting, 100 random seeds were selected for each
treatment and subjected to a 14-d germination test repeated
three times in a culture box under the following conditions: a
14-h light period with a light intensity of 2,000 Ix, temperature
of 25 + 2 °C, and relative humidity of 70%, followed by a 10-h
dark period with a temperature of 20 + 2 °C and relative humid-
ity of 80%. The following indicators were measured:

Germinability = (number of normal germinated seeds
within 7 d/total number of seeds tested) x 100%

Germination percentage = (number of normal germinated
seeds within 14 d/total number of seeds tested) x 100%.

Germination index =% Gt (where Gt represents the number

t
of germinated seeds on (ﬁ\y t and Dt represents the corre-
sponding germination day).
Vitality index = germination index X sprout length.

Statistical analysis

All data were recorded using Excel 2019 and subjected to
normality tests (Kolmogorov-Simirnov test) and homogeneity
of variance tests (Levene test) before statistical analysis. One-
Way ANOVA was used in SPSS 19.0 software (IBM SPSS Inc.,
Chicago, USA) to conduct a single factor variance analysis for
each indicator, the level of significant difference was P < 0.05.
Duncan tests were used to compare the levels of each indica-
tor, and factor analysis was used for the seed quality indicators.
Equations for N, P, and K fertilizer application and seed yield
were fitted using R language. Graphs were produced using
Origin 2022 (OriginLab Corp Inc., USA), and all data are
presented as mean * standard error.
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