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Effects of fertilization and legume-grass ratio on forage yield and NPK utilization

efficiency
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Abstract: The amounts of nitrogen, phosphorus and potassium applied and the ratio of legume to grass in
mixed sowings are key factors affecting the yield and fertilizer use efficiency of mixed grassland. The forage
yield and utilization efficiency of nitrogen, phosphorus and potassium under different application ratios of those
nutrients were analyzed to provide a scientific basis to manage cultivation of mixed grass-legume grassland for
high yield. Field experiments were conducted on mixed swards of alfalfa and smooth brome. The experiment
comprised two row configurations (legume # grass inter-row pattern 2 ¢ 2 and 1 * 2) and seven nitrogen, phos-
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N Pso Koo CA5) s Ny Po Ky (Ag) and N Pay Kigo (A7), where subscripts after each element indicate the applica-
tion rate as kg * ha ' N, P,O;, and K, O, respectively. The highest value for annual total yield of mixed leg-
ume-grass forage (11.68 t DM « ha ') occurred in the A, treatment, and yield in this treatment was signifi-
cantly higher than in other treatments (P<C0. 01). Alfalfa yield in the A, treatment was 8. 60 t DM + ha™ !, and
it was significantly higher than A, A;, A; and A; treatments (P<Z0.01). Grass yield in the A, treatment was
3.80 t DM + ha™', and it was significantly higher than in other treatments (P<C0. 01). Yields of grass and
grass-legume forage were lowest in the zero nitrogen treatment, A;. The combined grass-legume yield was sig-
nificantly related to the rate of N fertilizer. Both combined grass-legume yield and alfalfa yield displayed a N X
K interaction (P<C0.05). The NPK partial productivity, and uptake efficiency of grass, alfalfa and grass-leg-
ume forage all showed a downward trend with increase in NPK level, and the A; treatment was significantly su-
perior to other treatments (P<C0.01). The nitrogen utilization efficiency of alfalfa decreased significantly in the
zero potassium (A;) and low potassium (A;) treatments, and the potassium utilization efficiency of grass, al-
falfa and grass-legume forage decreased significantly in the zero phosphorus (A;) and high phosphorus (A;)
treatments. The annual total yield of alfalfa and legume-grass forage in the 2 ¢ 2 row configuration were signifi-
cantly higher than in the 1 ¢ 2 configuration, with extreme significance (P<<0,01). Also, the partial productiv-
ity, uptake rate and uptake efficiency of alfalfa NPK, and partial productivity of NPK, N uptake rate and N up-
take efficiency of grass-legume forage in the 2 ¢ 2 row configuration mixture were significantly higher than in
the 1 : 2 configuration with extreme significance (P<Z0. 01), and the partial productivity, uptake amount and
absorption efficiency of grass NPK were significantly lower in the 2 ¢ 2 than in the 1 ¢ 2 configuration with ex-
treme significance (P <C0. 01). Considering forage yield and nutrient utilization efficiency, alfalfa-smooth
brome mixed sowing in a 2 ¢ 2 row configuration, and fertilizer application of 140 kg « ha™* N, 100 kg « ha™!
P,0;, and 120 kg * ha™' K, O can be recommended, based on these results.

Key words: alfalfa; smooth brome; mixed pastures; fertilization; forage yield; fertilizer use efficiency
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R AT A BB ERRAKT 291 N 420 kg « hm 2,P,0; 300 kg « hm 2,K,0 360 kg « hm ?, Ty
M0 kg« hm 7, A Nogo Prso Ko (AL Niago Proo Kiso (AL )+ Ny Pago Kigo (A3 3 Nigg Paso Koz (A 3 Ny Psy Ko (A5
N0 Po Koo (A HT N Pogo Kiso (A7 A . BRI NIRE (N 46 %) , B0y S BERR E5 (P, O; 44 %0) , 8L N &4k
BI(K, O 6020 /NXCR X BT, 3 X Ryt b 3, B XA IR G L], /NI 4 m X5 m=20 m*, B/h X
12 17,4715 30 em, 3 WEE ., I T 2017 4F 5 A 22 H @, BN 15 kg « hm 2, B8 E B4
30kgshm . HR2: 2 A EHE S RES HHAREEN 500, FR 1 2 b ERE SRFEL HHARFEN 33%
M 67% ., MEAIKE T 2018 4F#EAT, BEALAE IR T4 (4 J1 10) A #FHE A ZAE FAR L2 3 Y A, 105 IR 75 107 15
TR 40 %0, L AE X J5 it 30 %6 55 2 FERHI S i 30%6 . 5 —IRFESEMIF 3~4 em WWHEIE /57 + .55 2 f13 K
SO B AE S BEK . AR 3 Uk, SR ERNG 2 FERLE B A AL W E] L5 3 AR 9 ARIXIE] A S 5 cm., Bl
£ NG I 7 S
1.3 HKEFZRER B ATE AL

D BCRE =15 FE H A A (2018 4F 6 H 9 HDHEATH — R XIEL,F 7 H 20 HA 9 A 1 HiEAT55 2 Fn 3
YR 7= TR AR TR E e  BPGOR 12 2 RbBEAR/INIKIE 3 A7 AT 1 m K, 2 ¢ 2 b BN X E 4
1847 1 m &K B 5 om, 5 5 FIJC T 26 22 40 Fh 5T B 5 B fef 5, B4 0 BUEERE 200~500 g 4 [ 82 56 % 105 °C
A 30 min. 75 CHET I PRI ARIE T8 Lo /N X AU 5 7 v i, TR Rk e 0 5 2 A SR A B8 .

)M B VB Y R HL SO, — HL O, T4k —EILIR S AUA T A & . SR H.SO, —H. O, i
b —FHER BT L I EBE & B . R Ho SO, — H, O, WAk — M43 60 B 2 0 2 41 5
1.4 B3 5B A7 K 48 AR A

SAE MO R (B VD A 1 (kg » kgD = it 0 OBl B 4 4F HOR P B/ R (R LD B

AL R (W D RO (kg » hm ?) = K AEHCE T8 X KR (L AD 57,

SRR R (Bl D Z R (kg » hm?) = 2% 28 R B (Bl A1) 2 0% i & =2

SRR T AL B D Z I (kg - hm 2) = 2% 28 8 16 20 (Bl 410 20 i & = il

G ARE B D RWCE (kg « hm *) = 4R F A G VB 2 MR + 24 B 2 B 8D KICE

A D B CR (kg » kg™ ') = @ AF B A (B B 2 Wi /e 20 (B A1) .

A D R R (kg » kg™ ') = RAF PR ™ i /4 4R P08 R (B VB R .
1.5 #3545 o4

K Excel 2007 $E47 5045 4b B2 2 1&] L T DPS 808 4b B 2R S8 84 (DPS 17, 10 @40 dE 17 25 5 W 3 HE 4y
Br, R A LSD 17 2 & AL .
2 RS54

2.1 el RIBILE A EREFFT Y
Jite AE 5 Y 488 LU 9 R e VRS IR AR R W E A S GOR B R A (R D, A AR E R R (P
0.0 E FHAA I, A, AFW BEST Ay, A A FIA, A0FR, 5 A, hFIXEF AR ZE(P>0.05)(F 2), BHE



94

ACTA PRATACULTURAE SINICA(2020)

Vol. 29,No. 11

KGRI LL A, IR (R 2) . BR A, ZhF =l 52 (P<<0. 0D i T HALL IR, § 75 A, &3 ™ 5 i
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Table 1 The results of variance analysis of different fertilization and mixed sowing ratio on
the yield and N, P, K use efficiency of forage
J7E M F A Analysis of variance F-value
=] PGz
ARE Grass B Alfalfa HR Alfalfa+tgrass
Ttem Treatment
A B AXB A B AXB A B AXB

7o i Yield 59.75 " 124,11 18.29" * 27.847 " 226.08" " 11.35" " 32.03" " " 46.55" " 8.28" "~
i 4 7= 7 Partial N 155.33" " " 50.63" " " 5.53" " 758.34" " 402,28" " 79.13" " 1299.32"** 205.07** " 88.27" " "
productivity P 204,847 " " 26.86" " " 9.53" " 651.37*** 270.34* " 72.87"" 1171.90" ** 149.67*** 74,91" "~

K 213.45" " 32.04" " 5. 287" 633.71"** 230.87*** 74,19 " 1094, 42" ** 114.80" " * 76.49* "~
AR N 38.66" " " 96.02*** 10.07" " 12.56* " 87.87 " 6.29" " 19.09***  16.58" "~ 5.70"
Annual uptake rate P 14.95* ** 33.08" " 6.00" " 11.40" " 42.26" " 2. 32ns 21.05" "~ 3. 78ns 3.56" "

K 41,57 104,04 " 13,42 10.73* " 9.15"* 3.02" 11,78 3. 44ns 4,23""
% i % N 100.47* ** 83.47" " 6.44" " 260,24 " 93.71*** 19.62*** 279.08*** 29.43"** 16.32" "
Uptake efficiency P 60.59* "~ 9.84" " 3.54" 55.82" " ” 25.01" "~ 5.31"" 99.20* "~ 6.39" 3.58"

K 147,44 %~ 37,17~ 4,61 " 95.85" ** 18.00*** 10.33*** 161.90" "~ 0. 03ns 7.227 "
FI &R N 3.280* 4,453" 0. 783ns 1. 45ns 2.53ns 0. 63ns 1. 02ns 0. 93ns 0.93ns
Use efficiency P 2. 20ns 0. 45ns 2. 42ns 2.96" 0. 03ns 0.41ns 4.20" " 4,67 1. 51ns

K 5.39" " 1. 0lns 0. 79ns 6.98" " " 7.83" " 0. 68ns 2.68" 3141777 1. 48ns
TE A FRMENE KT B RARGRH] . % FIR 0.01<<TP<C0. 055 * * KR 0. 001<TP<C0.01; » » » IR P<L0.001;ns KAWL Z A FEH (P>

0.05),

Note: A, Fertilization level; B, Legume-grass mixed ratio; * , 0. 01<CP<C0.05; % x , 0.001<CP<C0.01; % x x , P<0.001; ns, Not significant

(P>0.05).
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Table 2 Effects of fertilization on annual yield of forage grass (t + hm™?)
Ak ¥ AR B TR 4k 3 REE R ISEN

Treatment Grass Alfalfa Alfalfa+grass Treatment Grass Alfalfa Alfalfa+grass
A; (Nago P15o Ko) 3.8040.45Aa 6.4741.62CDde 10.27+£1.33Cc As (N7oPsoKgo)  2.26+0.23Dd  6.09£1.91De  8.36+1. 88Ee
Az (Ns50 Proo Kse0) 3.0840.99Bb  8.60+1.21Aa 11.68+0.58Aa || As(N2ioPoKzio)  2.6541.17CDe 6. 79£1. 94BCed 9. 4441, 12Dd
As (N140Psoo Kso0) 2.5640.51CDcd 8.1640. 91Ab 10. 7240. 48BCh || A7 (NoP2ooKigo)  1.12£0.25Ee  7.1840.51Bc 8.3040. 60Ee
Ay (Nyzo P2so Kizo) 2.7940.52BCbe 8.1640.47Ab 10. 95+0. 60Bb

T W A5 R T < B 78 Ak 2R E] 22 57 0 1955 (P<<0. 01) » RIS AN 6] /N5 = 1 3 Ak 1L ] 22 57 {9 35 (P<<0. 05), F I,

Note: Different uppercase letters in the same column indicate extremely significant differences among treatments (P<Z0.01), and different lower-

case letters in the same column indicate significant differences among treatments (P<C0. 05). The same below.
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nificant differences between treatments (P<C0. 05). The same below. B;
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THABAL B B AE M R KMl B KORE e o 48 S ik g B TR A (B 3C) L ik B e Rt KA T RE
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Wi E 5t KA P g L it A B R A, R 2 S B 3 (P<0. 01) , SR I RUIE S 7R i AR R R KM AT dak 11 55 T KT
BAL

FoRGARN 2 2,B, #/RTAN 1+ 2, B means legume-grass mixed ra-

tio at the 2 ¢ 2, By means legume-grass mixed ratio at the 1 : 2.

*3 A, B AEEREFEZEANEXESF
Table 3 Correlation between N, P, K and forage yield

KEL Grass BT Alfalfa TR Alfalfatgrass
A5
Factor LEPSE 37 Pfd AHIC R B P1{A LIPS P1H
Correlation coefficient P-value Correlation coefficient P-value Correlation coefficient P-value
N 0. 7440 0. 0552 0.5017 0.2514 0. 8368 0.0189
P —0.1103 0.8138 0. 5465 0. 2044 0. 3338 0.4644
K —0.1603 0.7313 0.7329 0.0610 0.4403 0.3228
NXP 0.4483 0. 3130 0.5611 0. 1900 0. 6954 0.0828
N XK 0. 3046 0. 5065 0.7655 0. 0449 0. 7564 0.0491
PXK —0.2325 0.6159 0.7131 0.0720 0. 3806 0. 3996
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Fig.2 Effects of N, P and K fertilizers on partial Fig.3 Effects of N, P and K fertilizer on annual NPK
productivity of mixed sowing forage uptake rate of mixed sowing forage
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Fig. 4 Effects of N, P and K fertilizer on NPK uptake Fig. 5 Effects of N, P and K fertilizers on NPK utilization
efficiency of mixed sowing forage efficiency of mixed sowing forage
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