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Abstract: At present, there is a shortage of seasonal green feed in Ningxia, despite the excessive application of
nitrogen fertilizer. This situation is indicative of an imbalance between grassland and livestock development in this
region. To address this issue, we explored the suitability of a multiple cropping model of forage triticale-silage maize
for autumn sowing with different levels of nitrogen fertilizer applied annually. The experiment had a single factor
randomized block design. Triticale and silage maize were sown in autumn and subjected to five different fertilization
treatments, namely N, (0 kg-ha ', CK), N, (150 kg-ha '), N;(300 kg-ha '), N, (450 kg-ha '), and N; (600 kg-
ha '). The effects of these fertilization treatments on the performance, nutrient quality, and nitrogen-use efficiency
of the multiple cropping system were determined. The results showed that the annual nitrogen application rate had
significant effects on the plant height, stem diameter, chlorophyll content (measured as SPAD value) , dry matter
accumulation, yield, and quality of triticale and maize in the multiple cropping system. The growth indexes and dry
matter accumulation of both triticale and maize gradually increased during the growth period, reaching peak values in
triticale at the flowering stage, and in maize at the filling stage. As the nitrogen application rate increased, the
growth indexes and dry matter accumulation showed a trend of first increasing and then decreasing. The highest
values of growth indexes and dry matter were in the N, treatment. In terms of overall performance, the treatments
were ranked as follows: N,>N;>N,>>N,>N,. The yield of fresh grass in the multiple cropping system increased
gradually as the annual nitrogen application rate increased. The maximum yield in the N; treatment was 156. 8 t-
ha™', which was 61.3% higher than that in the control. The hay yield in the N, treatment was 39. 1 t-ha ', which
was 45. 9% higher than that in the control. The recovery of applied N in forage was 31.9%, 30.2%, 27.3% and
18.5% for N,, Ni, N, and N; treatments, respectively. The nitrogen application rate significantly affected the
nutritional quality of forage, with the highest values in the N, treatment. The contents of crude protein (CP) and
crude fat in the triticale forage, corn silage, and the whole cropping system were significantly higher in the N,
treatment than in the other treatments. The CP contents in triticale forage, corn silage, and the whole cropping
system were 33.7%, 11. 2%, and 31. 8% higher, respectively, in the N, treatment than in the control, but the acid
detergent fiber and neutral detergent fiber contents were significantly reduced. The nutrient indexes had optimal
values in the N, treatment. Fertilizer yield response and economic response equations were derived and from these
the maximum yield response was predicted to occur at an N application rate of 560 kg -ha ' and the maximum

1

economic response at 584 kg -ha . These results provide data for the theoretical optimization of forage yield in

multiple cropping cultivation systems.
Key words: annual optimization of nitrogen fertilizer; irrigation area; forage grass; multiple cropping system;

productivity
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Table 1 Basic physical and chemical properties of soil

T2 pH N A LB LA KR B it 2 R TR
Soil depth Total salt Organic matter Total nitrogen  Total phosphorus ~ Available nitro-  Available phospho-  Available potassi-
(em) (g-kg ") (g-kg ") (g-kg ) (g-kg ") gen (mg-kg ") rus (mg-kg ") um (mg-kg )
0~20 8.5040.02d 0.88+0.03a 6.18+0.13a 0.7140.11a 0.25+0. 04c 28.19+5.18a 21.464-0. 35a 67.1140.00a
20~40 8.50+0.01d 0.7740.02b 5.67+0.04b  0.68+0.0la 0.25+0.07¢ 23.95+1.75ab 14.6840.97b 53.384+3.39b
40~60 8.54+0.04c 0.6840.02c 4.65£0.00c  0.58%+0.05b 0.39=£0. 07bc 21.16+0. 35b 12.9640. 45¢ 38.5140.02¢
60~80 8.7040.02b 0.66+0.0lc 4.74:£0.12c  0.56£0.02b  0.4940. 04b 11.27+0.70d 12.4340. 24cd 35.77+6.69¢
80~100  8.7740.04a 0.69+0.05¢c 4.38+0.04d 0.4640.05¢ 0.66+0. 16a 12.18+1. 11c¢ 11.81+0. 18d 32.2446.69d

T« A ) 7 B 3R 28 5 i 35 (P<<0. 05) , R [A].

Note: Different letters in the same column indicate significant difference at 0. 05 level, the same below.
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Fig. 1
test area during 2021-2022
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1.4.2 TYmEMHE K HTHBE T Fr 8k 47 00 2 2010 2012 2014 2016 ~ 2018 2020
HFN A A1 I oK AT T R 309 4R 00 il A
199 ik 22 SR SN SEA TN A, RS/ X5 AR T ke
A AT 5200 5 KA R F M b bR B AL A R AL 3, B LG L AR S BT 105 CHER N A 7 30 min, 80 “CHE
FE T, 1/1000 HLF K FFRAS FR AL+ 8
1.4.3 =& T /N B2 TP AR B I K T S N R AT o A /NG CR F A — 19 3 1 m?
FE 5 (BRI0AT R 3 3k 50 em &B43) , 55 b 187 X1 351 5 AR A 09 b b 3843, BR AR, A5 BRE 7 fif 50 7= i, O3 5545 hm* )™
i I EEAS /N XA B BORE 500 g, 105 CHEFR H A& F 30 min, SR J5 76 70 ‘CHEA L+ B E &, R E A ) T 5 &,
TR T H AR 500 g 8 FERE G & LTS A A /N TR i IR 1 1 mm 0 SR AE ARSI R T
MR & =mH/NRE &+ FEE K5
ﬁﬂ[ﬂiﬁ%ﬂﬂ%%(agronomic utilization efficiency, AUE, %):(Eﬁff\[zfzﬁ — ZFHym ) /AR
1.4.4 EFa K T 2Z i Ak 3G 1 1 A B R i 0 A ) BE G BT, 43 A HLEE 1 (crude protein, CP) CHLAR i
(ether extract, EE) . H ¥ ¥k ¥ T 4 (neutral detergent fiber, NDF ) F1 /& 1 ¥ % £F 4k (acid detergent fiber, ADF)
FAETY R A & a . Hrb SRR 84004 A gh gl G FAL (L [H) M & CP & & 5 2k HI R WG Iy = £ 2 4
2 5E EE & fi 5 R H Van Soets 3l %€ ADF & #t 5 5% H Roberston H1 94 6 1 7775 I & NDF & &7,
1.4.5 LSRR T /N FR 2 AR AR e X, SR ST AR AR AE 54 100 em VR BE A 4 18 H 1, A& 20 em
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A0 AR T E A HIL BT 5 R A ki B IR 0 4 A 5 >R B0 0 13 N 7 A &L ; SR T 0.5 mol-L ' NaHCO, &
P&, R HAAH B DU L 60 D 0w s >R 1 mol-L ' O PR B I W= 45, FH KA G B2 1k (FP640 24 ) il 2 3 2081 5 ok HH
I ] 0 5 A 9 5 R I ) R OK = A BEAE AR
1.5 #HEAE
K HI Excel 2022 #{FFI SPSS 22. 0 FPF #EAT 84 Ak 815 G 373 Hr , H Origin 2024b i PE #EAT AR AT

2 HBREHSH

2.1 RIERFRAAIAFZAAERLF G FR

2,001 R A R AR G AR IR Y 5 JE) A it SR e I 2 ) R P R 9 A A R PR o, LS SRR A R
e W R T IR FE (SR 2) o b ] /N PR 22 bk v B S A 0 A K S B W T s kLR TR AR AR e
o AR TR /N R AR A, RIS R80N 2 I 5 A 1 SR NL K 43 BE ST 3T 300 R0k e 0 A /0 R 2 P A K
PR 7E N KSR Jer, AR AR S 01, NGRS R /N2 i TRER 3 7R 4 TR AR BN R 2 s R AE KA
A B AR B B MR TE NKOE Rk 8 K, R 189. 4 emo &IV T K iR = B & A B 01 A0 2 K 52 00 T i i PR ARk 34
TEN: 22 Wbk A B e KAE , A FUEAE A A T IR I N>N>N>N>N (G BIBR SR ) .
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precipitation in the test area in recent 10 years
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Table 2 Effect of annual nitrogen fertilizer optimization on plant height of forage multiple cropping system (cm)

i 7E ] 4k 7 R 3 BEL] AT EillE= THIE
Previous forage Treatment Revival stage Tillering stage Jointing stage Heading stage Flowering stage
T /AN N, 16.140.57¢ 32.5+0. 36e 53.9+1.19d 118.4-+2.50d 172.3=+5.14b
Feed triticale N, 17.04:0. 29a 34.840.21d 55.60. 66¢ 124.041. 42¢ 183.440.61a

N, 16.7+0. 38ab 36.1£0. 31c 59.4+1.18b 135.843.39b 181.444.50ab
N, 16.54-0. 38bc 37.4+0.83b 56.8+1.67c 133.54+2.01b 189.4+5.78a
N; 16.4+0. 35bc 38.2£0.49a 62.1£0.65a 140.741. 18a 181.8+48. 17ab
Jr ) 4k 78 Hi AT il e 301 - 22 3 TS
Post-crop forage Treatment Seedling stage Jointing stage Tasseling stage Spinning stage Filling stage
I EK N, 57.1%1.43¢ 152.941.75d 252.4+0.37e 268.84+1.55d 245.6+0. 38¢
Silage corn N, 64.7+1.15b 163.941. 07¢ 257.640. 36d 276.0+1.67c 271.6+1.67b
N, 68.0£0.55b 168.041.61c 265.4+0. 32¢ 280.640.48¢ 278.1+£1.52b
N, 67.8£0.55b 198.941.95b 283.3£0.26b 305.7+£0.23b 279.4+1.52b
N; 78.2+2.13a 205.1£1.98a 290.7£0. 55a 316.2+0. 38a 302.5+0.69a

£33 ARBERAMNAEEMRFETHEZHAZM

Table 3 Effect of annual nitrogen fertilizer optimization on stem diameter in forage multiple cropping system (mm)

i A ] 4k 3 R Sy BE ELatE Y il 3 FFAEW
Previous forage Treatment Revival stage Tillering stage Jointing stage Heading stage Flowering stage
T /N B N, 2.76+0.37c 3.3340.53c 4.8740.33b 4.5440.32¢ 5.2540. 05c¢
Feed triticale N, 3.5940. 41b 4.3840.15b 5.854-0. 69ab 4.83+0.43bc 5.384-0. 18hc
N, 3.37£0. 26bc 4.16=+0. 53bc 5.534+0.15b 5.14+0. 34b 5.6440.11b
N, 4.53£0.44a 4.5540. 36a 5.66+0.12b 5.86+0.69a 5.95+0.09a
N, 3.57%0.29b 4.4340. 39ab 6.8140. 14a 5.89+0.71a 5.8940.08a
J A i 4k 7 gl T il A 301 22 1] N
Post-crop forage Treatment Seedling stage Jointing stage Tasseling stage Spinning stage Filling stage
FIEAK N, 10.73+0. 35d 11.64=0. 33b 25.43%0. 33d 21.87+0.11d 30.47+£0.63c
Silage corn N, 11.294-0. 16¢d 13.2941.27ab 26.9840. 06¢c 26.60+0. 21c 31.51+0. 27be
N, 12.19+0. 36bc 14.6240. 85ab 27.80+£0.15b 28.47+0.11b 31.83+£0. 14b
N, 14.0140. 39a 15.4441.86a 28.06=+0.05b 31.19+0. 27a 33.28+0.19a
N; 13.1940. 54b 15.184-1. 86a 29.3240. 22a 31.48+0.18a 33.41+0.29a
0GR 7 300 A 23 BE D] ) | 25 ML Bt 5t 20 8 1) 39 o 52 S 0 s s R AR A 4 BRI BN N> N> N> N >N, AU
ROV BB 0 14 0 N Ko v, 23 BE 40 i 6040 30N R NG 22 0] 28 e A I 385 5 20 /08 R A R A PR 2 K 3B (3 3 30
A AR ) , 2L B A i 220 B A4 3 BB T e B AR B NS> N> N> N> N, NKSE TR 2200 RO il

T A o A B (N, AT NG) 22 8] 22 50K 8 3, 16/

5.95 mm, A N, FIN. Z [8 2 58 83,

T T OR ZEML B A 7 0T 0 2 R I S T R e TR SR IR B R R (. AR AT AR
ZEMLR A it 2B A9 3 B S T v S AR A B, 4%
Ab PSR R BN N> N> N> NN B TR NGRS 200 R, BT 300 i 040 B ON D ING) 22 ) 22 5 AN I 35 o
TV TR AE 5 10 3 A2 7 400 Chb e S0 ok 22 393 A0 S 30

I K A 22 A 2 A R

M, fEEH

PRI R N, >N, >N, >N, >N, ik 22 3 F i

N

R 40T CR 00 A1y 401

ZEML B 5 it 2 o 0 B 34 5 R
W S AL (NN Z R 2R AR, L,

AR NGAR BN NR A TR R B TR LA T AR
/IR SN e S0 1) 08 0 2 e T R R AR R e AR BN N> N> N> N >N 7R NRSE R s Bl RO,
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2 fi] v ZE A A8 AR R

2.1.3 MEFEER ARG AT SPADE MW 4F i AU W e SRl R 8 2 4 R R SPAD
{E, B4 AU A3 SPAD {1 3 i FXf BAL B (2 4) o Horb A HI/NB 22 0t i SPAD fH B & A4 & 10 28 K 52558
T A, BLAE R AL R B W0, BN AR B PRI BN N> NN, >N >N U B 38 it 2000 fg fili /) B 22 E
H )5 W SPAD fH 2 R A8 @ KOV AT AE 22 i s o (ERh R 0T NGAR B R /N B2y TRE R I B T R 4,
FEIL R SPAD HFEAR . &I F K0 i SPAD {H B & A= & 11 19 28 K 522 3% W7 T i i a3, 1 100 25 2000 b 3 I 2
o T B (R b 3R] 25 SR R LA A I DN A5 AL SR DA A S 25 R AR K T I B it L 9 B i SPAD i 2
I T R A, 0 A RS B it U Y B R T T SPAD H B934 i, N AR SPAD ik Bl iR K,
FINN,>N>N>N, >N,

®4 AREBAFERUENAEEMREEFTEHMF SPADEHN A

Table 4 Effect of annual nitrogen fertilizer optimization on leaf SPAD value of forage multiple cropping system

i 2E 1A A 4k 1 1% 7 4] Jr BEd AT BRI THIE
Previous forage Treatment Revival stage Tillering stage Jointing stage Heading stage Flowering stage
TR /N A2 Feed N, 39.7+3.41b 47.6=+0.61b 51.141.58¢ 50.2+2.71c 51.5+4.70c
triticale N, 43.546. 14ab 51.542. 56a 54.8=+1.40b 57.1+1. 74a 57.7-42.45b
N, 45.0+3. 76ab 51.0+2.10a 55.4+0. 40ab 53.9+1.17b 58.341.83ab
N, 48.245.55ab 52.141.29% 57.6+0.93a 56.441. 00ab 59.041.78a
N; 52.9+4.83a 53.5+0.61a 57.7+1.46a 57.140. 31a 57.6+1.53b
Jr A ) 4k 1 Hi P il e 300 nt: 22 ) T
Post-crop forage ~ Treatment Seedling stage Jointing stage Tasseling stage Spinning stage Filling stage
T E K N, 41.0+1. 24b 41.2+0.42d 51.6+0.58¢ 47.9+ 1. 44c 48. 14+ 1. 25¢
Silage corn N, 44.1%0.52a 43.640. 42cd 52.6=1. 28bc 52.2+3.01be 53.7+1.27b
N, 45.140.95a 46.241. 10bc 54.7+1.11ab 54.542. 54ab 58.6+1.07a
N, 45.5+0.93a 49.3+1.09b 55.140.91ab 58.4+1.0la 62.1+1.13a
N 45.8+1.07a 55.4+1.72a 56.3+0.72a 57.640.92ab 59.3+1.05a

2.2 RIERFRUAAFELMNZATHRRRENG TR

JEAE SUNE P Ak 6) 2 ol 22 6 W0 28 1) R 1 4 SRR R S 3 g e (1R 4) o b T /N R A T R R B G A=
B0 A A 5 T B A, HL AR AT R R SRS DR T G I, AR S AR R B K, Rt /N R
A FEACIA Ry 3 W Y R FE SN o 3t U A R TN R A T A AR R LR B e L 0 3 n = e T i B
IR r e, AR K HT I R 75 3 A 0 BEIU) AN BT, 01 0 DUR B AR R B N> N> N> N> N il S 39 NG K
S N R BER I G SECT YRR IR T R R BE E A 00 A R 5 R e T
THE SR J00 36 30 06, 14 it 80 NE I 3 A I B OK A T B AR R L A& I A AR R AR R R SR B O NG>NL >
N,=>N, >N, 0] WL, 38 38 it 6008 P 0 52 2 0 ) o b, 1 R AR 1) T 490 5 R R BR TR (K A J BT Il 22 57
R
2.3 REEFHASIAELLA ZRAEAE T BARFAN DLW 0

JEAF A Ak it 22t X ) R A Al 2R G 2 A () B TR N R R G T T R R 22 5 B (3R 5) . T
FH/IN PR A ff 7 i W A il 8 4 I S S T R BRI A R O N> N> NN, >N 78 N Ak FE Y
R K G EERL A 52,6 t-hm *, TR 14,9 t-hm *, H 2% ZUIE b 38T 1) FH /s B 22 1 B 7= & L X B A 383 n it B2 oy
15.5%~77.4% o Ja APt Ak it 280 2k %o ) 1 /0 B8 22 RIS A 23 1) 803 A0 i B 35 Ve iy 52w (P<<0. 01, R 6) B R 3k
BN >N>N>N,, 0 17.3%0~28. 8% o I 6 K i 7= Sk [ % ) 41 it 280 Jat 04 384 Jn 22 388 8 T e 1 B 34 NG A
BR 8 B a d K, O 9504 thm * (H TR R B2 e TR R AR A F, HAE NGB R P i ok, 242 thm 7,
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Fig. 4 Effect of annual nitrogen fertilizer optimization on dry matter accumulation in multiple cropping system

[ o R ] /NG B 6 % A B A 22 5 3% (P<<0.05) . Different lowercase letters in the figure indicate significant differences among treatments (P<<0.05).

£5 AREBFEARUNAEEMRFRE~EH T

Table 5 Effect of annual nitrogen fertilizer optimization on forage yield in multiple cropping system (t-hm~)

fib T I /NFE 2 Feed triticale I % K Silage maize & Bl Z 48 Multiple cropping system
Treatment fof 5 7 it R fof 557 ik TR fof 557 TR
Fresh grass yield Hay yield Fresh grass yield Hay yield Fresh grass yield Hay yield
N, 27.340.74d 8.440.17c 73.6+3.67c 18.4=£0.65¢ 97.2+0.92d 26.840.41c
N, 33.4£1.67cd 9.7+£0.53bc 83.7+4.21ab 21.1£0. 76bc 118.141. 28¢ 31.6£0.91bc
N, 42.942. 71bc 12.4=0. 85ab 85.342.29ab 21.440.62b 128.2+£3.15b 35.941.52b
N, 52.6+£1.49a 14.9+0. 86a 89.7+4.81a 24.2+0.64a 142.0+1. 66b 39.1+£0.89%
N, 45.6+3. 35ab 14.3%£0. 21a 95.4+4. 86a 23.640. 72ab 156.8=1.99a 37.941.02ab

x6 FEBAERUVNAEEMRERFNANENE N
Table 6 Effect of annual nitrogen fertilizer optimization on agronomic utilization efficiency (AUE) of forage multiple cropping
system (%)

pisl ] /N2 Feed triticale TP F K Silage maize 2 & 4t Multiple cropping system
Treatment WE Amplify  RFFIHBEAUE  WIF Amplify  RFEFAHBEAUE IR Amplify %R F% % AUE
N, 15.5 17.340. 20dD 14.7 35.94+0. 18aA 17.9 31.9+0. 28aA
N, 47.6 26.6+0.22bB 16.3 20.140. 14cC 34.0 30.240.27bB
N, 77.4 28.840. 26aA 31.5 25.8+0.12bB 45.9 27.3+0. 24cC
N; 70.2 19.740. 23cC 26.1 17.3+0. 20dD 41.4 18.5+0.21dD

T WA /NG 58205 A0 HELIR] 22 5 25 (P<C0. 05) , RN K S Rk 3R /% Ab HLIR) 22 54 8% (P<C0. 01),
Note: Different lowercase letters in the same column are significantly different among treatments at the 5% level (P<C0.05), and capital letters indicate

significant differences at the 0. 01 level (P<C0.01).

AR I N >N>N>N,>N, H A FUIE AL BT 757 5 o BR Ak B34 s B2 4 14. 7 26~31. 5%, BE AR 2
M EZEF B E BEEREI N >N>N>N,, K 17.3%~35. 9% . 45 %0 AL BE X Flt 2 48 77 8 (0 5 i [ 9 2
) R A AR AT AR A i Ui D NG I 52 i 2% 8 B 7 i Sk B B K, O 156, 8 t-hme P T b R 48 T B o Bl
& A AR AR 260 1 10 S S 3 S R A A s A, A TR A R AN B A N KT I 1 e RUIE X R R A T
A I RN AIORE L — A B it GRS A A 7 e A R, AR A T O S AR it A i S B R R G A R
B i 2 AP AT IR Ak AR AL, AT AR B AL AR R : y=—0. 000042+ 0. 04487+ 26. 449, R*=0. 9841, X 1 : — ik
TR KA T T R R B B, AR T SR 4 ) 2 e G AR L A5 EURE SO B 1 P88 DRI A 5 T R AR O 5
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W, R R G R 98 Y IR AE T AN A . IRAE D PR M L dy/dae=0 0 , Z R R G T R R m L,
M3 2 Rl R 48T 5 B i 5 7 1 10 ] 4F it 0 i R 560 kg-hm *. 1f dy/da = P/ Py B, 2355 R i K, LA ] 3155
e K i ARt A . AR I T Y B AR M S Pe=5. 58 T -kg !, Al JH /N B S T B M Sk 2300 9T -t L, FFIEY
KKK 600TC-t 1, EF RGN AN A 2900 TC -t 1, PATNTAS 21 52 Fh 38 Gt d5e A4 48 % 4 J) 45 it 0 hy 584 kg-hm 7
2.4 R SFARACT G AT R A E IR S R0 R

SR A AR A Ak 6T 2 3R G T i ) R e R G TR 43 R AR AR A B M S i (P<<0. 05) , HL 4% AU Ab
FEX Mz B 2ZRBECGRT Kb mH/NBREMER S ERS 9%~11. 9% , 8K K I N N,>N>N,>N,>
Ny, HAE NARBER & B R, o 11,904, Le XS BRAR B4 55 1 33, 706 s KL IR W 3% # o 1. 0100 ~1. 46 %0 , B AR R L
N, >N, >N, > N> N, Fifi 25 it 205 19 39 00, LG D5 & & 5 19 05 B A% s ADF R NDF & 5 34 6 5 it 0 & 09 35 i &2
BRI S HIERME AT E N6, 33%~7. 04% BRI A N >N>N>N,>N,, H7E N b # T %
HERK, N 7,040, Xt AL PR & T 11, 206 KRR D B AR R B N, >N, >N > NN BRI & o 1,26 6~
1.43% , ADF FI NDF % &t ¥4 b6 45 Jiti 0 52 (0 38 0 52 220 W AR (0 i 3, ADF & iy 22, 9%6~24. 60 ,NDF &% &>
37.3%~43. 20 K NALH T & ERMK. EMAGHER &7 8. 04%~10.60% , BIARH K N, >N>N,>
N, >N, H7E N AR & 8k, 8 10.60% , H X BRAR B4R i 7 31, 8% s MR M & b 1. 17 % ~1. 37 %, #& k%
A N >N, >N>N, >N, HAE NGKE R &b, b 1.37%, X BRAR & 7 17. 1% ; ADF R NDF & & ¥ b &
Jit 0 ) 1 I LSS RS TR a3, ADF & o 34. 5% ~38. 6% ,NDF & 4 50. 5% ~58. 5% , Hivh N, &b Bt

R
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Table 7 Effect of annual nitrogen fertilizer optimization on nutrient quality of forage in multiple cropping system ( %)

1 B A ¥ Forage crop 4 F Treatment MM CP HLRE W7 EE TR 1 Uk VR 27 4 ADF TR VE AT 4E NDF
T /N R N, 8.90+0.01d 1.01+0. 15d 45.940. 40a 67.020. 24a
Feed triticale N, 9.70-0. 04c 1.20£0. 09¢ 44.9+0.12ab 65.940. 15h

N, 10. 20+0. 07b 1. 35+0. 09b 44.140.09b 62.2+0. 18¢
N, 11.90+0. 08a 1.4640.02a 39.6-0. 57d 57.7-+0. 21d
N. 11.60+0. 21a 1.0340. 19d 41.2-0. 15¢ 56.5+0. 14e
P E K N, 6.3340. 14b 1.26-£0.01b 24.640.41a 43.2+41.92a
Silage corn N, 6.57-£0. 06ab 1.39-£0.02a 24.540.07a 43.1+0.17a
N, 6.63+0. 18ab 1.3240.01b 23.1+0. 36b 42.6+1.04a
N, 7.04+0.11a 1.4340.01a 23.3-0. 69ab 41.9+0. 45a
N, 6.78+0. 23ab 1. 3140. 04b 22.9+0.27h 37.3+1.12b
CRUES N, 8.04+0.07d 1.17+0.03d 38.640.45a 58.540. 68a
Multiple N, 8.35-0. 06c 1.1940. 02¢d 37.1+0.43b 57.2+0.67b
cropping N, 8.290.07¢ 1.2140.01c 35.4-£0. 40¢ 53.340. 60c
system
N, 10. 60-0. 05a 1.33-20. 02b 34.5+0.41d 50.5+0.59d
N. 10. 30+0. 06b 1.3740.02a 35.2-+0. 42cd 51.4-0. 62d

2.5 RIERSFRATRELA ZERIEHNARL RE 4R 6948 % o7

T /N A2 (2R (TST) 5 s 717 5 (TFY) ME & (TCP)ME M RS T 77 5 (MCSHY) £ i 3%
IEARSG, HHA B & (SHY) 20 W EAHC(E 5 HER S (TCP) 5 H TR & (THY) fH I £k 22
(SST)E R EFFEMX, 5EFE W K THR & (SHY) 24k 2 EAH G MR Ui (TEE) 5t PE 3 & 48 (TNDF )
b A OG s R P g (TFY) 5 H T %= & (THY) M E f R 4 T 7 7= & (MCSHY) & 3% 1E A ¢ ; T % = &
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(THY) 5% i 24 T 577 it (MCSHY ) ) i 3 IEAH G . 35 I KR ZEHML(SST) 5 H T H = i (SHY ) it 3 IEAH X
i P k& 41 4k (SADF ) 5 H AU A FAZCR (SAUE) fi 35 1E A0 2 5 i P PR IR £F 4E (SNDF) 5 & Fil 5 48 /IR R RLR
(MCSAUE)# .2 IEAH G s f % 7= i (SFY ) 55 52 Fh R 48 i i 7= it (MCSFEY ) 25 1EAH G , H 35 s 18] 6 1. 25 AH
KRRBR AL,

THT @ @ © @ ¢ @ © © ¢ 0 OO o o L0
mwm......ooﬁo 00000000
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MCSHY | 042 099 0.93 -0.96 -0.91 -0.94 0.98| 1.00 0.67 0.46 0.89 0.85 -0.86/-0:52 0.74| 0.89 -0.73 0.83 McsuY@)
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Fig. 5 Correlation analysis of annual nitrogen application amount with forage growth, yield, quality and nitrogen fertilizer
utilization rate

*: P<C0.05; **; P<C0.01; TPH: /)23 ¥k & Plant height of triticale; TST: /v 2 3 25 Hl Stem diameter of triticale; TCP: /N2 3 #l % 1 Crude
protein of triticale; TEE: /NEZZ KL I Ether extract of triticale; TADF : /NS SZ R PE VR U 2F 4 Acid detergent fiber of triticale; TNDF : /N ZZ vk vk
U 41 4 Neutral detergent fiber of triticale; TFY : /N2 27 fif B0 7 i Fresh grass yield of triticale; THY : /N8 27 8 7 i Hay grass yield of triticale;
TAUE: /N5 4 2% F| 2% Agronomic utilization efficiency of triticale; SPH: 7§ I & & #k /& Plant height of silage corn; SST: # Il E >k 25 #l Stem
diameter of silage corn; SCP: 7 I E KM% 1 Crude protein of silage corn; SEE: 75" F K HLAE il Ether extract of silage corn; SADF : I £ K iR 1t
Ve £F 4 Acid detergent fiber of silage corn; SNDF : 75 IF7 T K w1 8 16 £F 4 Neutral detergent fiber of silage corn; SFY : 7 IF7 & K fif # 7= it Fresh
grass yield of silage corn; SHY : # It7 2K T # p% & Hay grass yield of silage corn; SAUE: 3 It T 4 % F J1 &% 8 Agronomic utilization efficiency of
silage corn; MCSFY : & ' R 4t ff ¥5 j & Fresh grass yield of multiple cropping system; MCSHY : & fl' & 4t T %/ & Hay grass yield of multiple
cropping system; MCSAUE : & i & Gt 4 | F 4 %% Agronomic utilization efficiency of multiple cropping system.
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ML G2 UE T R 8 Wi 58 A5 9T 26 B, it P 4008 Rt 35 08 in 22 46 2. 22 W (Lolium mudtiflorum) 4 5 FE 5y
BERL ZEF S AR K AR bR . SREL B gE B, 2t 0 & A 220 kg-hm BN Z 320 kg-hm /N2 R BT 9 R
PR RRAR o A FT 25 AR TE 52 7 I X0 A5, 398 it R0 A mT 5 02 4 P /N B 28 R 5 I R K Bk = 25K LSPAD
T B AR B 3G, BE AR DI S 3R B A S T v i R A A A R A 38 it RUNE T O A B e o i A
I B DU AS ) T 4 S RS L /N B AR AR 0138 B K NG KO N R B AT, 3 I R K e i 22 301 315 B I, N, ik
PR R BT X 2R O b5 f U AR D> T I OR T AR AR R AUKOE N R, T,
SRS T KRR M ER RSB ERABEYEREFTMTY R R E R ERAZENHRBEMNREZ . A
T Ie i, &R AE R AR TEM RS D EEEEEERER YA & B 225 kg-
hm i, F ) /0 B8 22 B4 4 S S50 AR B 4, 0 1T 595 Wi ) e 7 R
3.2 RERFHRAEELARZAR T ZH A

Jit JES 2 A R R AR o7 9 S B X R AF 5 R B Ol PR R R R R, L N T A Y R |
B R A R B R R A N 2 — | it RUNE S R AR A e 8 i e ) R T B 3 o bkt R AT
B P A R R T R MO b kR EA R R BEY R R E LR A R AR 4T
PRSI B G K ZE AR RN B A IR Y S L 38 B SEUIE e R SURT DA N /N 2 7 RN e UIE R R
i 5L AT DAYk 58 RN 5 G, MR Rk R0 28 W s ) o R s P98 o R0 N it FH S T RIS 1 X A 7 R ORI BT
Bk, AR S R 5 22— 30, FUI T AR Ak it 280 X 52 D 3R Gt v 2 ) R Y R T R R R G R A Y
Bl 7R3N, e AL B G2 R Tk R A /0 RS T e i R AT it G 1 3 2 S T v BRI R
PR N>N>N>N, >N 770 K 5 5 B 5 S A i 260 0 10 188 o S22 320 3 T v 1 a3, 76 N KO ek (BT
BT S R AR AR B, AR NOK R e R SRR BN N> N> N> N, >N fif | 2R A #oR — 80, &% &
BRI A K A SR R R 2, B AR R A B R R I T R R AE NLAR T £ 3k B R R R R 4k 2 R it L
oS AR A A AN, Ak A it S A L A I TR R 7 R I ORI i 3 R A T R, 5 ) 0 R T i
SO Y A AR IR o T O ZRURE ] AE O Ak i AC ek 5¢ 4 T DU R P Z A AR AR K TR AR B IS AR
AT AR 14 o AR R 8 v o R U I 2R [R] s ] el R R Ak
3.3 SRR R AL T4 E B AY R G5 R ARk

R SR Y e AR DT A R AN (B AR AR . BORE R CP Y R S NDF R ADF & &K, EE
B D0 AR R A (R Y . NDF 2 e 4 B IS M B R R B A R R B R IK . ADF
S TR ) R A A e L R, 58 X ) Y T Ak R RIS EE R R T B R IR Y B AR B R o
(148 R W) i 22—, JH o B M 5 %) L JRT AU I M A5 R R R R A T F 5 e I it R 4R v ) oA
B MR RS R R Y B Sk, B ANORL 7 4 7 dab, o 1 e 1) 2 5 O . 3 it R0 A A R PR R o i A i R
TR A AL HL, H NDF il ADF %5 /0 TR 8 iE ZUIB AL FE . AAF 5345 1 5 2 — 30, ZUI0 8 45 4 10 it 0 v &=
Tt 22 5 19 o 4] B3 1) 785 3% G TR AS AR A BB S A, B CP R EE & % Bl 45 i 20 i 09 58 fin 52 5 T 5 )5 R AR Y B 3 s ADF
N NDF 2 b 2 it 05 (035 i 22 e B ARG TH R OB 3, BL7E NGB R AP 2 & e i I R B F R SR CP & |
FE NKSF T 45 KL EE & 78 NoKOF T fiem o AT, 008 FE 45 0 kit 280 2 4 T % B8 1 196 28 ) e o 280 1S 19 5 2R o A
R TR BESCAR JiT rh B B A R AN, T A A Ak g 2 Y A it P R A R R Y R L L R sh
Ak B FL AR A
4 it

A DL /N B A — I ORI R E R RGBS 4, e o R T 25 X — A AR AR R
JCIAGE Al I TR AR U0 Al SN e FH A SR AR e A R AR G M b AR R R T A R T R AR R S
Fo , S35 B v B b i AR ) e AR B L SR A B 348 T LA SO T R AR R AR S v R R B K
IO A RIE A5 2% | £ i SRONE R R A B M 1% X & 7 2 7 R et e A [ A e JIEL AR 280 1z 7 R 4L i 7 R 5
o T DX T /N PR — 7 I R SRR 4R R G i e e E A D 560 kg -hm ), B A 28 B 2 g it E A Dl 584 kg
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