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Widely distributed in the alpine sandy grassland in east Qinghai-Tibet Plateau (QTP),

Kengyilia melanthera is considered as an ideal pioneer grass for the restoration of

degraded and desertification grassland in the region. Under the special ecological and

climatic conditions in the northwest Sichuan plateau located in east QTP, it is of great

significance to optimize the amount of nitrogen fertilizer for the seed production of this

species. The impact of nitrogen (N) fertilizer application on seed yield and quality of K.

melanthera ‘Aba’, the only domesticated variety in the Kengyilia genus of Poaceae, was

investigated based on two-year of field experiments in the northwestern Sichuan plateau.

The results showed that with the increase of N fertilizer application, the number of tillers,

number of fertile tillers, 1,000-seed weight and seed yield of this species increased

likewise. The optimum N fertilizer rate deduced in present study was 180 kg·hm-2, where

the number of fertile tillers 1,000-seed weight and seed yield reached the peaks.

Interestingly, the standard germination rate, germination energy, accelerated aging

germination rate, dehydrogenase and acid phosphatase activity of seeds were not affected

by the increasing the input of N fertilizer. The comprehensive evaluation of membership

function showed that the optimal N fertilizer treatment was 180 kg·hm-2 both 2016 and

2017 . This study provided a certain practical suggestion for the improvement of seed

production of K. melanthera in the northwest Sichuan plateau.
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Figure 1

Figure 1 The seed yield components of K. melanthera as influenced by eight different

rates of N fertilizer application during the trial years 2016 – 2017.

(A) Number of tillers (mean ± standard error, n=4), and fertile tillers (n=4); (B) Number of

spikes per fertile tiller (n=10); (C) Number of florets per spike (n=10); (D) Number of fertile

florets per spike (n=10); (E) 1,000-seed weight (n=4). For box plots, top and bottom of box

represent 75th and 25th percentiles, respectively. Different lower-case letters above the

column and curve indicate significant differences under different N fertilizer treatments in

each trial year (Bonferroni, P < 0.05). Vertical bar represents the standard error of mean.

Statistical significance was determined as * P < 0.05, ns was P > 0.05. Note: N1 – N fertilizer

0 kg·hm-2 (Control); N2 – N fertilizer 60 kg·hm-2; N3 – N fertilizer 90 kg·hm-2; N4 – N fertilizer 120

kg·hm-2; N5 – N fertilizer 150 kg·hm-2; N6 – N fertilizer 180 kg·hm-2; N7 – N fertilizer 210 kg·hm-2;

N8 – N fertilizer 240 kg·hm-2.
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Figure 2

Figure 2 (A) The seed yield of potential, presentation, and (B) harvested (mean ±

standard error, n=4) of K. melanthera as influenced by N fertilizer during the trial years

of 2016–2017.

Different lower-case letters above the column indicate significant differences under different

N fertilizer treatments in each trial year (Bonferroni, P < 0.05) . Vertical bar represents the

standard error of mean. Note: N1 – N fertilizer 0 kg·hm-2 (Control); N2 – N fertilizer 60 kg·hm-2;

N3 – N fertilizer 90 kg·hm-2; N4 – N fertilizer 120 kg·hm-2; N5 – N fertilizer 150 kg·hm-2; N6 – N

fertilizer 180 kg·hm-2; N7 – N fertilizer 210 kg·hm-2; N8 – N fertilizer 240 kg·hm-2.
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Figure 3

Figure 3 Heat maps. Log2-fold change of K. melanthera seed yield and quality under N

fertilizer treatments during trial year 2016 (A) and 2017(B).

Red is up-regulated, blue is down-regulated. Note: NTs, number of tillers; NFTs, number of

fertile tillers; NSPs, number of spikes; NFLs, number of florets; NFFLs, number of fertile

florets; TSW, 1,000-seed weight; PSY, potential seed yield; PRSY, presentation seed yield;

HSY, harvested seed yield; SGR, standard germination rate; GE, germination energy; AAGR,

accelerated aging germination rate; DE, dehydrogenase; APH, acid phosphoesterase; N1 – N

fertilizer 0 kg·hm-2 (Control); N2 – N fertilizer 60 kg·hm-2; N3 – N fertilizer 90 kg·hm-2; N4 – N

fertilizer 120 kg·hm-2; N5 – N fertilizer 150 kg·hm-2; N6 – N fertilizer 180 kg·hm-2; N7 – N

fertilizer 210 kg·hm-2; N8 – N fertilizer 240 kg·hm-2.
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Table 1(on next page)

Table 1 Analysis of variance of the influence of N fertilizer on K. melanthera seed yield

components.

Notes. NTs, number of tillers; NFTs, number of fertile tillers; NSPs, number of spikes; NFLs, number of
florets; NFFLs, number of fertile florets; TSW, 1,000-seed weight; Df, degrees of freedom.
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Table 2(on next page)

Table 2 Analysis of variance of the influence of N fertilizer on harvested seed yield and

seed quality.

Notes. HSY, harvested seed yield; SGR, standard germination rate; GE, germination energy;

AAGR, accelerated aging germination rate; DE, dehydrogenase; APH, acid phosphoesterase;

Df, degrees of freedom.
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Table 3(on next page)

Table 3 Seed quality of K. melanthera as influenced by N fertilizer during trial years

2016–2017.

Note: Measurement results are means ± standard error (n=4). In the same column, standard

error of mean followed by the same lower-case letters indicate no-significant differences

under different N fertilizer treatments in each trial year base on a Bonferroni multiple

comparison test at P < 0.05. SGR, standard germination rate; GE, germination energy; AAGR,

accelerated aging germination rate; DE, dehydrogenase; APH, acid phosphoesterase; N1 – N

fertilizer 0 kg·hm-2 (Control); N2 – N fertilizer 60 kg·hm-2; N3 – N fertilizer 90 kg·hm-2; N4 – N

fertilizer 120 kg·hm-2; N5 – N fertilizer 150 kg·hm-2; N6 – N fertilizer 180 kg·hm-2; N7 – N

fertilizer 210 kg·hm-2; N8 – N fertilizer 240 kg·hm-2.
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Table 4(on next page)

Table 4 Path analysis of seed yield to yield components and N application.

Note: The value in the table is the correlation coefficient “r”. Statistical significance was

determined as * P < 0.05. NFTs, number of fertile tillers; NSPs, number of spikes; NFLs,

number of florets; NFFLs, number of fertile florets; TSW, 1,000-seed weight.
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Table 5(on next page)

Table 5 Membership function analysis based on multiple indicators for the effects of N

fertilizer treatments on K. melanthera during trial year 2016.

Note: NTs, number of tillers; NFTs, number of fertile tillers; NSPs, number of spikes; NFLs,

number of florets; NFFLs, number of fertile florets; TSW, 1,000 seeds weight; PSY, potential

seed yield; PRSY, presentation seed yield; HSY, harvested seed yield; SGR, standard

germination rate; GE, germination energy; AAGR, accelerated aging germination rate; DE,

dehydrogenase; APH, acid phosphoesterase; N1 – N fertilizer 0 kg·hm-2 (Control); N2 – N

fertilizer 60 kg·hm-2; N3 – N fertilizer 90 kg·hm-2; N4 – N fertilizer 120 kg·hm-2; N5 – N fertilizer

150 kg·hm-2; N6 – N fertilizer 180 kg·hm-2; N7 – N fertilizer 210 kg·hm-2; N8 – N fertilizer 240

kg·hm-2.
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