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Abstract: The northern region of Ningxia has widely distributed saline and alkaline lands. Salinity, in turn, imposes
limitations on use of land for crop and forage production, and such land typically has low soil fertility and low fertilizer
response. These limitations seriously restrict the capacity for forage grass production in China. As a plant with wide

adaptability and strong salinity tolerance, Hunan Jizi (Echinochloa frumentacea) is an important forage species for

Wk H 81 :2024-08-26 5 Bt Ml H #:2024-11-11

H4WH. 7 E b % A B X E A& R (2022BDE92070, 2023BCF01012, 2019NYYZ0401) , 5 H Kk % B 2% — gh 2 L @t & T 0
(NXYLXK2017A01) FIiE A8 R 2 K U B 22 KRR v TR [ 50 1 e 90 96 28 K7 BRI 7K 066 T 88 3 7K 6 45 0T 98 B 3R 45 T IR T 9 6 4
(sklhse-2022-1ow05) %% B o

TEZ A Wi € (1998—), W, T H i A FE i+ . E-mail: xIf_waooo@163. com
* il {F/E# Corresponding author. E-mail: mql_2008@126. com



186 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 7

saline-alkaline land improvement and development of the forage and livestock industries. This experiment
investigated the suitable fertilization rate for E. frumentacea on saline-alkaline land, using the ‘3414’ incomplete
factorial experimental design to clarify the effects of different fertilization combinations of N, P and K on the
production performance and nutritional quality of E. frumentacea. It was found that the average plant height of
NP K, (N: 180 kg+ha™', P,O,: 45 kg-ha ', K,O: 30 kg-ha ') was 1. 58 m. The average yields of fresh herbage
and hay in treatment N,P,K, were, respectively, 67.24% and 62.09% higher than those of the no-fertilizer treatment
(P<C0.05). Nitrogen-phosphorus-potassium fertilizer application significantly increased the nutritive value of Hunan
Jizi, and the treatments with the highest crude protein and crude ash contents were N,PK, (N: 180 kg-ha ', P,O;: 0
kg-ha ', K,O: 60 kg-ha '), with gains of 5. 77% and 8. 75%, respectively, compared to no fertilizer. Meanwhile,
the relative feeding value and dry matter digestibility, total digestible nutrients, and net lactation energy were all
highest under treatment N,P,K, (N: O kg+ha ', P,0,: 90 kg-ha ', K,O: 60 kg-ha '). Multivariate principal
component analysis indicated the highest overall ranking was obtained under the treatment N,P,K,. Based on these
results, the recommended fertilizer combination for growing Hunan Jizi on saline and alkaline land in northern
Ningxia is: N 180 kg-ha ', P,O; 45 kg-ha ', and K,O 30 kg-ha .

Key words: Echinochloa frumentacea; combining application of nitrogen, phosphorus and potassium fertilizers;

production performance; nutritional quality; comprehensive assessment
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Table 1  Fertilization level of each factor in “3414”
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2020 4F 4 H FhAE , B0 B A B VB 3N B 44Tl I K 1 90 45 30
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A 1 : DMI(dry matter intake ) i R 4a) B T4 it Bifi & R & #2 , DDM (digestible dry matter) 2 T 9 Jit 5 {6 3% , B 0] JH

1k % 43 (total digestible nutrients, TDN) , i FLi4+fiE (net energy for lactation, NEL ) ik R,

120
DMI=———— (2)
NDF
DDM =288.9 — 0. 779 X ADF (3)
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Fig. 3 Effects of different fertilization levels on fresh and hay yields of E. frumentacea
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of E. frumentacea
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Fig. 5 Effect of fertilization on crude protein, crude ash, ether extract and relative feed value at heading stage of E. frumentacea
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e EFHUB AT /N i AR SO IR B & B, 2 AR 135 kg hm %, BEAE 202. 5 kg-hm %, A1 AE 81 kg+hm A, /)
e, b 8326. 17 kg-hm % AWFSE & B, i1 B AR T FE NLP, K, b B 6 507 R R R B0 4 il ik
48352. 50 F119594. 50 kg« hm ™, M 4% F A i 018 kb B (N, P,K, ) ff = 5 0+ B 2= i 8 17 70.69% .72. 34 %,
B 3 E Y U B G B T B W R R O A A F S P R it U A B (NP, ) i P I R i S Ak
NoPK,, 2 B U 1 it A 2 5 1 3800 i ] 7™ e 9 B SR EA it 280 v o W0 e R 1 A R R I 5 o % L (R k25 i
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Ph | Ph 0.71 0.54 -0.73 0.72 0.72 -0:72-0:72 -0:72 -0.72 Ho
SPAD SPAD 0.8
oM | @ DM 0.53 -0.78 0.76 0.74 -0.78 -0.74 -0.74 -0.75 0.6

CcP CP 0.65 0.33 0.4 20.43-0.43 -0.42 o
Ash | @ ® @ -0.75 0.69 0.81 -0.69 -0:81 -0.81 -0.81 '

EE EE = 2
REV | @ @ ® RFV -0:99-0.99 0.99 0.99 0.99 0.99| 0

NDF | @ @ @ . NDF 0.97 -1.00 -0.97-0.97-0.97 | o,
ADF | @ ® @ Q@@ oo 100-100-100

-0.4

om! | @ @ ®
oo™ | @ ® 00 -0.6
™N | @ C N -0.8
NEL | @) Qo ‘ Lo

Ph SPAD DM CP Ash EE RFV NDF ADF DMI DDM TDN NEL
7 HXELSH
Fig.7 Correlation analysis
Ph: £ & Plant height; SPAD: 4% % M %t 1% f Relative chlorophyll content; DM: T & = f Hay yield; CP: H1#& 4 Crude protein; Ash: #lJK 4>
Crude ash; EE: 1§ i Ether extract; RFV : X} @ M4 { Relative feeding value; NDF : H 3k % 4T 4k Neutral detergent fiber; ADF « i 1 Uk %% £ 4k
Acid detergent fiber; DMI: F ¥ Ji % & & Dry matter intake; DDM: F 4 i i1 4k # Dry matter digestibility; TDN: & 7] i b 3% 4 Total digestible
nutrients; NEL: i FL#% B8 Net energy for lactation. *: P<C0.05.

x3 ERFHEEEIRSFMEENRITREKE

Table 3 Feature vector of each factor, principal component eigenvalue and accumulative contribution rate

i H F 43 Principal component BUE| F %43 Principal component

Items 1 1I 11T Items 1 11 111
R AL VR B 4T 2 Acid detergent fiber 0.986 —0.020 —0.114 |[HLJK% Crude ash 0.809  0.299 —0.355
BT AL 3R> Total digestible nutrients  —0. 986 0.019 0. 115 || ¥ & Plant height 0.790  0.035 0.219
W71 B Net energy for lactation —0.986 0.020 0. 114 || HLZ& 4 Crude protein 0.414  0.783 —0.295
T IR Dry matter digestibility — —0. 986 0.020 0. 114 || M2 2 HI X 2 i Relative chlorophyll content 0.272  0.637 0.343
AR A WA (B Relative feeding value —0.984 0.110 0. 041 || #LAE W5 Ether extract 0.155 0.261 0.750
T4 Ji >R & Dry matter intake —0.967 0.172 0. 001 || ##4E{Hf Eigenvalue 9.666  1.312 1.196
TP YE VR £T 4k Neutral detergent fiber 0.964 —0.193 —0.002 || Jr 2 BT#k2 Variance contribution rate ( %5) 69.041  9.368 8.542
fiff 77 1t Fresh grass yield 0.850 —0.188 0. 273 || 2B BT Accumulative contribution rate (%) 69.041  78.409  86.951
F#4 Hay yield 0.819 —0.133 0.355

R4 FRMEAEFERSEHS

Table 4 Common factor values and comprehensive ranking of different treatments

#4 kL Materials Y, Y, Y, Y HE44 Ranking || #4 kF Materials Y, Y, Y, Y HE44 Ranking
N,PK, —3.51  0.35 —1.37 —2.51 13 NLPK, —0.02 —0.60  0.54 —0.03 9
NyP,K, —7.05 0.48 0.23 —4.80 14 N,P,K, 0.89 —0.28 0.25 0.61 8
N,P.K, ~1.64 —0.22 —0.18 —1.17 10 NLPK, 1.57 —0.41  0.02  1.05 5
NP K, 418 316 —0.30  3.15 1 N,PK, 2,90 —0.65 —1.30  1.83 3
NP K, 0.98 —0.97  1.20  0.69 7 N,PK, —2.31 —0.82 107 —1.58 1
N,PK, 0.65  1.22 242  0.77 6 NP, —2.60 0.6 —1.57 —1.87 12
N,P.K, 2,49  —0.48 —0.55  1.63 4 NP K, 3.47  —1.39 —0.46  2.22 2
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BB BOCA RO, M T A R P, W R R e e R AU A R RS 2 L T A S R A
REARAS 5 1 T B B8 o, T Ao D) AS B 7= A R K TR
3.2 AAEATEES A HR T ERARRO Y "

RS 5] A R B 7 R R I S A L R (R A A R O R A T AR B A R R A
A MDA R R A B . b RLER 1 ORLAE I P R U T A R R X R R A (R 4 A B B TR R RO 3
B LR A v AR R AR 008 3R SO 5 AR X ] ML A (5 v 5 P AR R e 5 R A A R
AL o BIFSEIE S, 3 A A it AT fB 6% o0 36 R AR ] 010 8 R T, R R 1 i RO 27 4 3 i, DT 42 75
T Bl O RN AT AR R S AR B B B = fE NLPKL (N2 180 kg+hm 75 P,0;5: 0 kg+hm 3 K,0: 60 kg-
hm*) &b P4 AR o 50 5, A A it A Ak B S R T 30. 84 %4 5 11 £ NoP,K,(N: 0 kg+hm *;P,0,:90 kg-hm *;K,0:60
kg-hm ™) b B o P A 4T 4 15 R P Uk 1A% £ 24 B4 J AN, ARG ] LA e s, 156 T ZR0TES 1t o B 4% T LA 4R v i e B
TR AR LR 1 B EAS i 250N W R R T 0B R S TR A U A 0 D PR T B R TR R 2R AT
MR T ARG, #E8 TErde & . TP RS 058 & B0, A [0 B6 B UIE 249 B8 #2554 )8 55 (Phleum
pratense) FLER [ & ik, B AT b o R M OB U4 £ A O i RN R B R AR R 25 S i AU SR AR A R 2
1E A 56, 76 it AU R 180 kg hm *BF, KL AR & i i o 8 T AR AR I 9 2 W, 494 il 2T B S R R S R A LR
FIHLAR U R 43 5 A 3 A VK T 1 R VA 7 0 5 P M R TR 4 4 4 o, B I 3 S O L0 B R L O L s
AR 0T SUNE 1 s 07 i 9 B it 280 ek 1) T T o o AN AR SR AR e B, SRR ) A e R A X A TR (A
S, 7E NG PR AL BER  AF )47 WA (8 55 785 L A 84. 8, p AR Gk 43 A 1T 260, K o) 4] M A0 (R 15 2 1P V0 345 & 4 v
PE VL I £ i 5L 0 35 R 56, Ul I R Ik Tk VA 47 2 5 rp M Uk Ik AT A R EAER A X A DER A A R B
AT A6 37 0 2 — ol i o P SR M (%) T B A, T S o A A R A B 4 ke B 3R B TR R I Y A R R
IR BT R SR o ZEAS IS h NOPLKG AR 38T S AT Ak 3% 43 fie e, o 54. 77 Y6, i NLPK ST T A 3% 40 B AIKL AA
40. 64 % o Vb BH 38 B A e 5 1 BE 6% 34 0 180 e B A B R I AR 3R 4y, T Ao it R0 A 2 AR 2 9 A R R BB A A
RIS AT T AR 3R 4o

4 it

NLP K Ak BT 380 1 162 1 4 e o R R 5 Rl A TG T AT AR o ) R R AR R A R A B L AR
Eﬁ%%ﬂ*ﬁﬁﬁﬂ%mﬁﬁ\%ﬁ: 1\121301<274H:I NOPZKzﬂIETEij(c %%ﬁ{ﬁ?’ifﬂ 9N2PIK1(N 180 kg-hmfz, PZOG 45
kg-hm *,K,O: 30 kg-hm %) &b 38T [ 18] 1 12 1 50 7 8 A1t o 000 e A3, I A Sy i e it S A DA A T R0 H o
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