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Optimum fertilization method and mixed seeding ratio of Triticale/ Pisum sativa
in grassland of Sanjiangyuan area
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Abstract: [ Objectives ] Sanjiangyuan region is located in the Qinghai-Tibetan Plateau, where is the birthplace
of mother river of China, and also is the vital grassland for yaks and other typical livestock. Approaching
exploring the suitable fertilization methods and mixed sowing ratio of forage crops was aiming to increase the
forage yield, and reduce grazing pressure on natural grassland in the ecologically important area. [ Methods ] A
field experiment with split design was carried out on Sanjiangyuan area in 2022, the rye (Triticale) cultivar
‘Qingsimai 1" and forage pea (Pisum sativa L.) cultivar ‘qingjian 1" were used as test materials. Three
fertilization methods were setup, as: no fertilization (A,), application of urea 75 kg/hm’ (A,), combined application

of urea 75kg/hm’ and Ca(H,PO,), 300 kg/hm’ (A;). Under each fertilization treatment, rye and forage pea were
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respectively mixed sown in ratio of 70 : 30 (B,), 50 : 50 (B,), and 30 : 70 (B,). The plant height, and leaf
morphological indicators (area, length, width, perennial length) of rye and forage pea were measured before
cutting at full blooming stage of forage pea, and the forage grass was weighed and the nutrition quality was
determined. [ Results ] Compared with A,, fertilization (A, and A;) significantly increased the fresh and dry
weights, the protein yield of forage grass, and the plant heights and leaf areas of both crops. A, and A, did not
exhibit significant differences in above indexes, but A, increased more than A, did in leaf width of two crops
(P<0.05). A, and A, treatments had similar crud protein, soluble sugar, neutral and acid detergent fiber content,
but A, treatment increased gross fat content. The seeding ratios of rye and forage peas did not significantly
affect the fresh and dry weights, protein yields and plant heights of the two crops, however, the decreased rye ratio
led to a gradual increase in crude fat and soluble sugar content but a significant decrease in neutral versus acidic
detergent fibre content of forage grass. Seeding ratio and fertilization showed significant interactions, A;B,
exhibited the highest fresh and dry weight of forage, which were 36.09%—180.08% and 62.27%—281.59% higher
than the other treatments, and the highest leaf area and protein, soluble sugar content. Compared with A;B,, A|B,,
and A B;, A;B, increased leaf perimeter of rye by 15.76%, 40.29%, and 54.51%, leaf areca of forage pea by
20.31%, 14.06%, and 64.65%, and neutral detergent fibre content of forage grass by 7.15%, 27.14%, 17.89%,
respectively. [ Conclusions ] Fertilization, especially nitrogen and phosphorous combined application, could
significantly improve forage production performance, leaf morphology and forage quality. And rye and forage
peas show the best forage production performance, leaf morphology and quality under mixed seeding ratio ratio of
70 : 30. Therefore, this mixing ratio under nitrogen and phosphorus combined fertilization is recommended as
suitable cultivation technology in Sanjiangyuan area.

Key words: Sanjiangyuan area; mixed seeding ratio of rye and forage pea; NP combined application;
leaf morphology; forage yield; forage quality
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Table 1 The fertilizer application amount and seeding
ratios (amount) of rye and forage pea in each treatment

okt (kg/hm?)
Seeding amount

JEACALRE  JRER-IEWERRES i el
Fertilization Urea—Ca(H,PO,), Seeding

treatment (kg/hm?) ratio ek B
Triticale Pisum sativa L.
A 0-0 B, 210 22.6
B, 150 377
B; 90 52.7
A, 75-0 B, 210 22.6
B, 150 37.7
B, 90 52.7
A, 75-300 B, 210 22.6
B, 150 377
B; 90 52.7

He A Ay APAEAHENE . BEEAL . ARG EE . B, .
B,. B; ZMHIMAERAREIRFE A0 : 30, 50 : 50, 30 : 70,

Note: A, A,, and A; indicate no fertilization, applying nitrogen fertilizer,
and applying nitrogen and phosphorus together. B;, B,, and B; indicate
the seeding ratio of rye and forage pea at 70 : 30, 50 : 50, and 30 : 70.
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Fig. 1 Growth indexes of forage crops under different fertilization treatments
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Note: A, A,, and A, indicate no fertilization, applying nitrogen fertilizer, and applying nitrogen and phosphorus together. Different lowercase letters

above the boxes indicate significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots

indicate the median data, mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the

data, and the short lines above and below the box represent the maximum and minimum, respectively.
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Fig. 2 Leaf morphology of Triticale under different fertilization treatments
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Note: A, A,, and A, indicate no fertilization, applying nitrogen fertilizer, and applying nitrogen and phosphorus together. Different lowercase letters
above the boxes indicate significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots
indicate the median data, mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the

data, and the short lines above and below the box represent the maximum and minimum, respectively.
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Fig. 3 Leaf morphology of Pisum sativa L. under different fertilization treatments
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Note: A,, A,, and A, indicate no fertilization, applying nitrogen fertilizer, and applying nitrogen and phosphorus together. Different lowercase letters

above the boxes indicate significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots

indicate the median data, mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the

data, and the short lines above and below the box represent the maximum and minimum data, respectively.
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Fig. 4 Nutrition quality of forage grass under different fertilization treatments
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Note: A, A,, and A, indicate no fertilization, applying nitrogen fertilizer, and applying nitrogen and phosphorus together. Different lowercase letters
above the boxes indicate significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots
indicate the median data, mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the

data, and the short lines above and below the box represent the maximum and minimum data, respectively.
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Fig. 5 Production performance under different seeding ratios of forage crops
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Note: B,, B,, and B, indicate the seeding ratio of rye and forage pea at 70 : 30, 50 : 50, and 30 : 70. Different lowercase letters above the boxes
indicate significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots indicate the
median data, mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the data, and the

short lines above and below the box represent the maximum and minimum data, respectively.
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Fig. 6 Leaf morphology of Triticale under different seeding ratios of forage crops
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Note: B,, B,, and B, indicate the seeding ratio of rye and forage pea at 70 : 30, 50 : 50, and 30 : 70. Different lowercase letters above the boxes
indicate significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots indicate the

median data, mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the data, and the

short lines above and below the box represent the maximum and minimum data, respectively.
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Fig. 7 Leaf morphology of Pisum sativa L. under different seeding ratios of forage crops
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Note: B,, B,, and B, indicate the seeding ratio of rye and forage pea at 70 : 30, 50 : 50, and 30 : 70. Different lowercase letters above the boxes

indicate significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots indicate the

median data, mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the data, and the

short lines above and below the box represent the maximum and minimum data, respectively.
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Fig. 8 Nutrition quality of forage crops under different seeding ratios
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Note: B,, B,, and B; indicate the seeding ratio of rye and forage pea at 70 : 30, 50 : 50, and 30 : 70. Different lowercase letters on the boxes indicate
significant difference among treatments at 0.05 level. The middle lines, hollow dots and solid black dots inside the box plots indicate the median data,

mean, and the size of the data distribution, the upper and lower frames of the box are the upper and lower quartile of the data, and the short lines

above and below the box represent the maximum and minimum data, respectively.
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Table 2 Interaction of fertilization and seeding ratios on forage production performance

Ak 7 8 (vhm?)  TE (Yhm?) T A (kg/hm?)  DMRERRE (cm)  FERABEE R (cm)
Treatment Fresh weight Dry weight  Dry to fresh weight ratio Crud protein yield Triticale height ~ Pisum sativa L. height
A B, 8.11x1.23 ¢ 3.53+1.01 ¢ 0.43+0.10 a 497.45£140.35d 37.33£1.20d 19.67+£0.67 d
AB, 8.62+1.01 de  3.74+1.14 ¢ 0.43+0.11 a 487.98+148.59 d 36.33+0.67 d 23.00+1.15d
A B; 7.23£0.95 ¢ 5.0+0.68 be 0.70+0.07 a 597.80+80.24 d 48.67+£1.20 ¢ 23.00+0.58 d
A,B, 9.72+1.66 de  7.32+0.68 bc 0.63+0.09 a 874.92+80.10 cd 61.00+£3.06 a 39.67+1.76 ab
A,B, 17.73+0.37ab ~ 8.20+0.14 be 0.52+0.05 a 1425.49+24.86 b 62.33+291a 37.67+2.33 b
A,B; 12.63+1.85¢cd  7.05+0.30 be 0.44+0.05 a 1184.02+50.46 be 54.67+1.45b 39.33£1.45 ab
AB, 20.2542.32a  13.47+2.42a 0.66+0.08 a 1963.09+349.45 a 61.33+x1.20 a 42.67+1.86 a
AB, 9.46+0.51 de  4.51£1.43 bc 0.49+0.15a 568.92+180.25d 64.00+1.53 a 36.67+1.45b
A;B; 14.88+0.75bc  6.42+1.85 be 0.42£0.10 a 862.21+122.43 cd 44.00+1.53 ¢ 31.00+1.15 ¢
J7 255347 Analysis of variance (ANOVA)
JEAE (A) 22.13* 9.54* 0.06 15.34* 91.75% 117.87*
Fertilization
IRFELLH] (B) 0.55 2.90 0.48 2.64 6.75* 2.87
Seeding ratio
AxB 12.72% 5.10% 2.19 10.96* 24.49%* 7.46*

T A A ASHIHERIGIE . SUEEUE . ABEECEAL . B, B,. BArBIGEARZIRIELEIT70 - 30, 50 : 50, 30 : 70, [FSFIEHEE AR
[F)/NG 3R A PR 22 5 L 3 (P<0.05), *FRAE AL 15 50.05 1 K
Note: A,, A,, and A; indicate no fertilization, applying nitrogen fertilizer, and applying nitrogen and phosphorus together. B,, B,, and B, indicate the

seeding ratio of rye and forage pea at 70 : 30, 50 : 50, and 30 : 70. Different lowercase letters after data in the same column indicate significant

difference among treatments (P<0.05), and * indicates variable effect at 0.05 significant level.
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25, AR EEREE, 70 0 30 kb HH A ) Eorb
VR AT 4 . TRMEVERAF4E & R, (H50 50 &b
FEAOHLEE (. KRS B .l M A R B L
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A B Tt o WIACRISER Ay, ) = i e I
i AR SR AR A EE AR —, (HE %
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W, AWFFREEREN, ZHEHT, ABEEERRE
Eefi 70 - 30 AbFEAE FLAE L FEW R, 508
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Table 3 Interaction of fertilization and seeding ratios on forage leaf morphology

THiFR Leaf area (mm?) J& ¥ Leaf perimeter (mm) I Leaf length (mm) 5% Leaf width (mm)
AbEg
Treatment N 23 BT NEE RS Nk WEY NEE BT
Triticale Pisum sativa L. Triticale ~ Pisum sativa L. Triticale Pisum sativa L. Triticale  Pisum sativa L.

AB, 2258.70+60.59d 560.77+18.50 b 421.50+12.33 b193.23+0.61 ¢ 215.67+3.53 cd 54.33+0.88 ¢
AB, 1720.30+43.13 ef 591.50+49.76 b 347.80+3.12 cd 133.17+4.31d 170.67+2.03 ¢
AB; 1428.00+£30.06 f  409.77+1.51 ¢  315.80+5.52d 103.10£0.95¢ 149.00+5.77 ¢
A,B, 3599.43+65.39a 569.77x14.52b 507.53+20.49 a 254.83+1.38a 270.00+4.16 a
A,B, 2413.57+135.36 c¢d 588.20+27.58 b 380.33£22.04 ¢ 214.07+14.04 b 207.00+3.06 d

A,B; 2429.93+117.31 ¢d 576.57423.39 b 372.33£11.93 ¢ 227.00+£8.72 b  205.33£8.09 d

12.50+0.46 d 23.00+£0.58 ¢
54.00£1.00 ¢ 12.3740.48 d 24.50+1.22 de
54.00£1.53 ¢ 11.90+0.20d 14.57+0.77 f

61.33£3.38 bc 19.67+0.92a 28.77+1.00 cd
71.67£1.76 a 15.77+1.21 ¢ 23.33+1.98 ¢

68.00+£7.55 ab 16.43+0.54 ¢ 30.10+£3.33 ¢

A;B, 2928.87+£302.45b 674.67£13.35a 487.93+6.76a 260.00+2.65a 236.00+10.50 bc 66.33+1.20 ab 17.03+£0.85 bc 32.47+1.21 be

A.B, 2126.17+155.55 de 690.00+ 11.27 a 478.37£7.93 a 256.67+1.20a 273.67+2.96 a

66.33+1.45ab 18.87+0.79 ab 37.43+2.54 ab

A;B; 2804.274237.01 bc 674.37£8.90 a  484.80+7.18 a 248.27+2.08 a 256.67+16.70 ab 70.67+0.88 ab 19.80+0.15a 42.47+0.47 a

F 225381 Analysis of variance (ANOVA)

MEAE (A) 36.27* 37.05% 71.80%
Fertilization

TRAE LB (B) 25.77* 7.27* 37.49%
Seeding ratio

AxB 4.45%* 5.54% 9.27*

306.01%* 75.97* 19.89%* 67.60%* 72.35%
46.04* 17.43* 1.34 0.82 0.24
14.67* 15.22% 1.23 6.10* 11.14*

e Al Ay AGHIHEARIC . BOEEUE . ZBERCHALEE, B, B,. BAMHIARAREIREELLEIHT0 : 30, 50 : 50, 30 : 70, [IFIEHE A
[F)/NE bR FoR A BRI 22 57 i3 (P<0.05), *3R/m AT RUNIAH0.05 B 27K
Note: A,, A,, and A; indicate no fertilization, applying nitrogen fertilizer, and applying nitrogen and phosphorus together. B,, B,, and B; indicate the

seeding ratio of rye and forage pea at 70 : 30, 50 : 50, and 30 : 70. Different lowercase letters after data in the same column indicate significant

difference among treatments (P<0.05), and * indicates variable effect at 0.05 significant level.
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Table 4 Interaction of fertilization and seeding ratio on forage nutrition quality

Jb3 TR AT A (%) FRIETEAR LT 4E (%) ML (%) HUIENT (g/ke) AR (%)
Treatment Neutral detergent fiber Acid detergent fiber Crud protein Crude fat Soluble sugar
A B, 55.97£1.32b 34.10£2.45 ab 14.45£0.68 b 17.90+0.40 e 10.43£0.31 be
A B, 47.17+0.68 ef 30.23£1.08 ab 13.05+0.01 be 23.60+0.35 b 14.40+0.37 a
A B, 50.87+0.09 cd 30.40+1.15 ab 11.47£0.35 ¢ 19.7340.03 cd 14.46+0.02 a
A,B, 60.10+1.00 a 36.83+5.39 a 11.62+0.32 ¢ 20.33+0.33 ¢ 9.68+0.34 ¢
A,B, 32.30+£2.08 g 27.13£2.07 b 17.72+0.35 a 26.00+0.65 a 14.89+0.35 a
A,B, 45.57+0.03 f 31.23+0.03 ab 14.78£1.15b 25.13£0.03 a 11.11£0.02 b
AB, 59.97+0.67a 36.57+3.49 a 14.59£0.03 b 18.90+0.30 d 6.13£0.34 d
A,B, 48.93+0.67 de 30.47+0.43 ab 12.62+0.01 be 17.37£0.09 ¢ 15.37£0.67 a
A;B, 52.27+0.03 ¢ 30.97+0.07 ab 13.60+1.54 be 19.10+0.06 d 10.77+£0.02 b

J7253HF Analysis of variance (ANOVA)

HEAE (A) 14.22% 0.04 4.53% 216.23*% 35.49%
Fertilization

TRA% LA (B) 65.96* 5.06* 2.29 82.72% 204.44*
Seeding ratio

AxB 12.89% 0.48 11.32% 49.92% 21.92%

H: A A APHIFEATEAL . UL . ABEECHEAL . B, B,. BMilMRERTIRFELLGINT0 1 30, 50 : 50, 30 : 70, [RIFVEHEE A
Al NG AR R B ] 2 5 B (P<0.05), *FRAE AU 3K 50.05 B E KT,

Note: A,, A,, and A; indicate no fertilization, applying nitrogen fertilizer, and applying nitrogen and phosphorus together. B,, B,, and B; indicate the
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