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Effects of nitrogen—phosphorus and water coupling on soil nutrients and the

photosynthetic characteristics and production performance of Bromus inermis
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Abstract: The aim of this work was to determine the effects of different nitrogen—phosphorus and water couplings
on soil nutrient contents and the photosynthetic characteristics and forage production performance of Bromus inermis.
To this end, a field experiment was conducted using the B. inermis cultivar ‘Wusu No. 17 with a two-factor
randomized block design. Irrigation was applied at three levels: W, (3800 m’+ha '), W, (5300 m’-ha '), and W,
(6800 m’+ha ') ; and there were three fertilization treatments: F, (no fertilizer), F, (N 120 kg+ha '-+P,0; 100 kg-
ha '), and F, (N 180 kg-ha '-+P,0; 150 kg-ha '). The results show that, compared with the W F, treatment, the
net photosynthetic rate in the W,F, treatment was increased by 21.22%, the leal instantaneous water use efficiency

was increased by 31.18%, and the light use efficiency was improved by 19. 85%. The hay yield of B. inermis in the
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W.F, treatment was increased by 28. 31% compared with that in the W,F, treatment. The crude protein content was
increased by 24.32% in W,F, and by 29.50% in W,F, compared with that in W,F, (P<C0.05). Furthermore, the
soil available phosphorus and alkali-hydrolyzable nitrogen contents in the W.F, treatment were increased by 13.79%
and 131.27%, respectively, compared with those in W,F,. Thus, the regulation of irrigation and fertilization
significantly improved the photosynthetic characteristics and forage production performance of B. inermis, and
increased the amounts of soil nutrients. The W,F, treatment demonstrated the best overall performance, indicating
that an irrigation amount of 6800 m*+ha ' combined with fertilization with N at 120 kg-ha ' and P,O; at 100 kg-ha '
resulted in superior photosynthetic characteristics and production performance of B. inermis.

Key words: Bromus inermis; water and fertilizer integration; productivity performance; photosynthetic

characteristics; soil nutrients
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e ), A2 T4 A B IR Wl B L SR AR K S AT A K IR R B M AR R AR S BB R

Y0 S0 SR TC T A AR RIS T I, K A R AR AR R 1800 ~2506 5 U iy A U W 3@ Ao B4 i v 1 AR
6 BRI A A AR SR R R T 4 8 T 1 48 22 00 A R S R T RBCR FOK AR I RCR S X et 2 AR K B
F) AR 5% ﬂl']” FATWEFERM i R BOCR B S ER B AE S A B 3 8 A Al el R 5 A, B
it 3E A HLIT & R, DT 2 e - A AT 2 A AT L R K R T A A A e B
st EE L BRI AE KR T R CHIT R, 5 R/ R AR PR L 3 552 me 7 19 565 ok 2 L
R KB s BRI BT 06 T 0 148 2 K B A B A AF 9T 22 A v B — R T R — it S (R S )
RN, S X A S e, OC T AL B K S MRS X T A O A AR B R A M R K ISR R G
AR A LR U SIS

e LA R) R A BIF 5 e T AN () 1 9 T A R A IC LG, PR A B K I RS S 0 et A O A R R
PERE Bz 1 S 57 0 (R PR 45 8007, LA SH B IG5 8 22 000 B e R0 A 77 1 3 P I NES 9 4 A5 X 3 1T Ay S Bkl IX I+ 8 2
iEE/ RSN (S TR IS 3 N
1 #MR5FE
1.1 XAt

B T 2024 4F 4— 10 J 7E 37 $B 48 5 K F IR DX I 5 T 25 B Qi e SRR A T R T K T IR it (447207
N, 88°30" E)#EAT o HF 58 X U T il 47 KRl Mk A, 47 350 8. 1 °C L 4F H IR K O 2770 h, 4F F K &
190~260 mm , 4F 7 & fit i 1000~1500 mm , Jo 7 81Ky 168~171 d 88 5 Hb Sy SR + (o [ 4 5243 25)1, 0~20
em + 34 HL BT (organic matter, OM) &5 & 4 19.5 g-kg ', & & (total nitrogen, TN) & & K 2. 58 g-kg ', Bl fit &
(alkali-hydrolyzable nitrogen, AN) % & & 45. 47 mg-kg ', 2% (total phosphorus, TP) & # A 1.53 g-kg ', S AL
(available phosphorus, AP) & 4 19.3 mg-kg ', FIEATE R 1.51 g-em *,pH N 7. 59, 156 H i 214 g £ 48
H 45 (Medicago sativa) o
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1.2 KEst

WA 22 W o 505 157 . BRI 3K BRI, 409 D I 3800( W) (5300( W) #1 6800 m’+hm *
(W) 3t B 35 8 3 A6 B, 20 91 9 R AR (F) (7t N 120 kg-hm *F1 P,O, 100 kg-hm *(F,) i N 180 kg+hm *#i
P,0,150 kg+hm *(F,)., 4B HEE 3, 27 /MK NX AR 12 m*(4 mX3m). T 202444 J1 19 H #47
N L4 B ATIE S 40 e, #EFREREE R 1. 5~2. 0 cm, #FP &2 4 22. 5 kg-hm * FEBE 5 X hy 1 7T I 8, V6 98 i 4
HTH R 10~12 em Ab % 47 ) B 40 om, BT T #E 1 A A 8 0 Aty 0 Sk T B R 20 e 200310 T 5 00 L0 BE
W) AR — T ) bR — AR R R SR AT R L 5 B IR RE SR IR R (NZ=4606) (O 85 R 4% (PO, =
6120) , PR 2R Bl /K T i, T 2kl 1R 05 A Ay JRE AL A B R T — UCPETE A o /NI IO JE A 50 em i3, BLB K AE &L
o JOP R 22 AR A U R] B KON A8 B A, JHC Al 5 2 ] 249 b O P R A7 58— 4 B
1.3 M AL F &

L3.1 JtaZ8 HEEEM FOCE RN i Tl A7 TR 88, 5 B 2 M i f 2%, T 11:00~13:00
K FH CL-340 1 #5 26 A {X (CID Bio-Science Inc. , 38 E) W& Jo 1548 2 0 ROG & RIS H Y L4
A2 AE MR B A AL S —E0, IR ST 4 RS 9 1/3 S8 4 TR HLAS 2 RS A it B, D O 6 2880 D FE PR
W R I A 2R 0 i O RN A A RO S AE B R — S R R AR B ER A 6. BROL A AR S B i
¥ A 3K (net photosynthetic rate, P,, pmol CO,*m *+s ") . 7& & # % (transpiration rate, T., mmol H,O+m *-
s ') G HEF) FH 8% (light use efficiency, LUE, mmol-mol ") & M- A B if 7K 43 F1) 1 %4 % (leaf instantaneous water
use efficiency, WUE;, pmol-mmol '), H G REH] HIR80R K it R Bk 7K 23 B 80 i A ot A, BRI
XUF

LUE=P,/PAR (D)

WUE=P,/T, (2)
A PAR NG A A % 5T (photosynthetically active radiation) .

R FH IR i 30 S A R R i 3R B 3 BB R TR 1] R 5 3~4 58 4 R T Y BB b X

D5 p 5 B g AR A e 45 24 1/3 4k L kI = Bk . ) W e BETE (722N B, B ) I E K AE 470,645,665
nm FWOGIE IR IHR Jo s A M R s R A0S &, 48 4 & a(chlorophyll a, Chla) (i %¢ & b(chlorophyll
b, Chlb) ZE# % N % (carotenoids, Car) Fl 4% % (total chlorophyll, TChl).
1.3.2 A kde TETCTE4E A2 10 A8 30, 0 A% AR B9 #R 55 (plant height, PH) (B [T (flag leaf area, FLA) 1
B (hay yield, HY) S5 R Z0HR 0 Bk i« BEALAE B A4S /0N DXk BUA AR 26 M 09 20 Bk (FA25) TE 548 22, T 5 il vk
S ey S A 3] b TET A 248 o) R E (em )  BEE A TR AR B AL AE B0/ X BOCA AR R MR 19 20 Bk (BLRt ) TE 2548 242 e AE)F T
CER ooy oy e {17y o o UG 0 2 i MLy sy

T 2024 4E 8 H 23 H , & /INX P BEAL 8 O 35— B0 3R D7 (1 mX 1 m) RERE TS N 9 0 5 48 22 A A X 1 (F7
HRES em Ay )  FREfE DR E . FEALE 300 g BEAF 7 [l 5250 % T 105 ‘CHEA N R 7 30 min, 2R f5 7E 65 CHk
TEER GFEL TR,

1.3.3 EHRME I %2 8 #5 00 F5 - ML 2 A (crude protein, CP) . H Pk ¥4 4T 4 (neutral detergent fiber, NDF) |
PR P Pk ¥ 41 4 (acid detergent fiber, ADF ) & i S AH XT 15 M {H (relative feeding value, RFV),
CP & =l R LG & A%, NDF Al ADF &5 f I 7 SR F Y0 FC VR R e 4 REV i A T
RFV=(88.9—0.779XADF) X (120/NDF)/1. 29 (3)
1.3.4 TIEFRS Tors 4 F ORI R 5 R FEEL R 0~20 em )2 138, 5 Bk A B AR P AR R J5 7 [m] 52
95 %, 4T pH {E M £ HE A L (organic matter, OM) | 4= A (total nitrogen, TN) | i f# & (alkali-hydrolyzable
nitrogen, AN) .4 # (total phosphorus, TP) . % #f (available phosphorus, AP) & & (il 2™ . Hrp pH (& i F
4% 5 pH i (PHS-3C, F 3 )l 72 5 OM & 2R I8 I 8 ik I 22 5 TN & iR B IR E 0200 7€ 5 AN & iR
BB 7 B I 5 TP % 8 R A R — e U R TH AR DU 5 AP & 5 R FHBH BB 0 L ik D
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1.3.5 KB F) H %% R Al 0 5 A R At AR S, A B T A K 4 R A% (water use efficiency,
WUE) . & A i A= 7 71 (partial factor productivity of nitrogen, PFPy)"*" Fl#§ AL fi 4= 7 71 (partial factor productivity
of phosphorus, PFP,)"™ 315 AXAF .

WUE=HY/I (4)
PFP,—HY/N (5)
PFP,=HY/P (6)

AP HY HTE & (kg hm ), I AT E (m’ hm *) , N Al & & (kg-hm *) , P Rt & (kg-hm *) .
1.4 HIEAIEE HH

fii i Excel 2020 % FL st 56 %7 45 ; /i ] IBM SPSS Statistics 26 £ 1F 48 1123 #1156 509, 5% XU 2 07 22 50
(Two-way ANOVA)Fl Duncan £ 5 43 H7 , H A 7] 8 W & 56 IE 5 K 3¢ BAF FI A I8 25 48 22 09 5% A 5 fdi i Origin
2021 B Ak A

2 HBREHSH

2.1 RERBKIAIL T RIEE LA H®

I 5 VR I R it P ) B, JE RS 48 &2 Y P, LUE Al WUE, JE AR 52 38 i 9 fa 34, Horp WO Ab P48 WO F, Ab 2
B PAREFHT 21.22% , WUE 4 F+ T 31.18% , LUE $2F+ 19. 85% (& 1) . fif J# I = Al it AT 42 X T35 5 i) R g 3%
(P=>0.05). J720 W&, M4 % P, LUE fl WUE, B A7 # 8 2 80 (P<0. 01) , 1 it AE X G 14 46 2%
P, .LUE BA W% 2 & 5 (P<<0.01) .

F1 AEKBLAEBTEEEZ AR

Table 1 Photosynthetic performance of B. inermis under different water and fertilizer treatments

5 il e e WA BRI AR AR
Treatment Net photosynthetic rate Transpiration rate Light use efficiency Leaf instantaneous water use efficiency
(P,, ymol CO,*m s ") (T., mmol H,O-m *+s ") (LUE, mmol-mol™") (WUE,, pmol-mmol ")
W F, 17.0640.51Bb 6.50£0.44Aa 0.0131£0.0005Bb 2.63£0.11Aa
W,F, 18.68+0. 37Ba 6.42+0.75Aa 0.0144-+0.0005Ba 2.93£0.28Aa
W.F, 19.3040. 32Ba 6.42+0.95Aa 0.0149-£0.0002Ba 3.06+0.52Aa
W, F, 18.2840.42Ab 6.26+0.57Aa 0.0141+0. 0005Ab 2.93£0.21Aa
W,F, 20.36+0.41Aa 6.30+0. 39Aa 0.0156+0. 0004Aa 3.244+0.21Aa
W.F, 20.68+0.09Aa 6.07£0.81Aa 0.0157£0.0001Aa 3.45+0.42Aa
W, F, 18.0340. 50Ab 6.65+0.73Aa 0.0140=£0. 0005Ab 2.74£0.37Ab
W.F, 20.21£0.43Aa 5.94£0.61Aa 0.0155£0. 0003Aa 3.43£0. 34Aa
W.F, 20.44+0.18Aa 6.03£0.23Aa 0.0157£0.0002Aa 3.39£0. 10Aa
W <<0.001 0.563 <<0.001 0.005
F <20.001 0.638 <<0.001 0.063
WXF 0.726 0.839 0.946 0. 807

2

W« i+ 3800 m*+hm ™ * Trrigation amount 3800 m®+ha™'; W, # #f 5300 m®-hm™* Irrigation amount 5300 m*~ha™'; W, ¥+ 6800 m*+hm*
Irrigation amount 6800 m’+ha '; Fy: AJifi i No fertilizer; F,: i N 120 kg-hm > P,O, 100 kg+hm ™ * Application of N 120 kg+hm ™ * and P,O; 100
kg-hm *; F,: jifi N 180 kg-hm *H1 P,O, 150 kg-hm * Application of N 180 kg-ha ' and P,0, 150 kg-ha '; W i i#i Irrigation; F: jifi I! Fertilizer.
7] 31 R [7 /N 55 248 38 3% A TRD i B 7K 7T, S ] Ak 3 ) 2 5 235 (P<0. 05) 5 [RI 9 AN ) K 5 S 3 7% A [ 3 8 /KO-, AS T i JES Ak 340 i) 222 5 b
#(P<<0.05) . T [A., The same column, different lowercase letters indicate significant differences among irrigation levels at the same fertilization
level (P<C0.05); different uppercase letters indicate significant differences among fertilization levels at the same irrigation level (P<Z0.05). The same

below.
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2.2 REABAKIEALETAEZLELEORSEET ST

AR TAD S 45 448 5, JC 5 48 # (1% Chla ., Chlb 1 TChl 34 B 2 #E 8% &5 09 5 hiimg #85 m (5r W.F 34 (K 2) . BR
WF, &b 38 AR 7] 3 88 /K 7 1 bt I Ak 3 (F, T F,) JC 15 48 22 19 Chla, Chlb Fl T Chl £ AN i I 4 3 (F,) ¥y 38 hn, Horp
W.F, 4k i) Chla,Chlb #1 TChl & 58 W F Ak B2 23 548 5 1 25. 9926 .31, 80% H128. 730 i Car 75 4% 4b B 1] 22
SN E (P>0.05) . J7 2240 M 2 W1, 3 W it A X 6+ 48 4 19 Chla. Chlb 1 TChl ¥y B A5 # & 3 5 i (P<<

0.01) . ZKABZEH X} TG 48 22 1Y Chlb A1 TChl HA % i 2%

K2 AEKBLAETEEEZXRGESE

i ( P<<0. 01) , %} Chla HA 1 #5 mm (P<<0. 05) .

Table 2 Photosynthetic pigments of B. inermis under different water and fertilizer treatments (mg-g™)

Qb 7 M2 a MR D ESUID SRR
Treatment Chlorophyll a (Chla) Chlorophyll b (Chlb) Carotenoids (Car) Total chlorophyll (TChl)

W.F, 0.931+£0.059Aa 0.827+0.072Aa 0.5034+0.042Aa 1.758=+0. 108Aa
W,F, 0.955+0. 099Ba 0.833=+0. 083Ba 0.540£0.047Aa 1.78840.166Ca
W.F, 1.026+0.030Ba 0.856+0.041Ba 0.4914+0.091Aa 1.88240.071Ba
W.F, 0.947+0. 004Ab 0.811+0.070Ab 0.508=+0. 068Aa 1.75840.071Ab
W,F, 1.142+0.053Aa 1.034+0.056Aa 0.507+0.076Aa 2.176+0. 108Aa
W.F, 1.08840.079ABa 0.940+0. 023Ba 0.536+0. 060Aa 2.029+0. 080Ba
W.F, 0.947+0.025Ab 0.852+0.062Ab 0.444+0.046Aa 1.798-+0.059Ac¢
W,F, 1. 08840.030Aa 0.911+0. 059Bb 0.5284+0.029Aa 1.999+0. 084Bb
W.F, 1.17340.029Aa 1.090+0. 060Aa 0.500+0.094Aa 2.263+0.075Aa
w 0.002 0.001 0. 460 <<0.001

F <20. 001 0. 004 0.692 <0. 001

WXF 0.043 0. 006 0.731 0. 005

2.3 RRAKBKRIELETLEZE LA KK

AN TR) U K N Ak B G TG 48 2 T R e R
FFE (B 1) Jov 48 &2 T 507 ik Bl 2 T TR o R it
JIEL B2 ) 88 o XA S 0 347 0 A RS B, AE WLF, A BT 3k 5
e KA, BB W F AR T 28.31% , W.F kb # 5
W.F, Ab B 22 R 8 2 (P>0.05) . T £, #
TE it A Ak B RTK AR 28 oKX JE T 48 & T R R Y
HA 25 m (P<<0.05) , HhoK 4386 B F B4 &
TR Y FAE A R R R O it NE A B e I S K IE
L H K

AN TR) G 7K Ak BT G 15 48 27 ik v R I o A
K2R o 76 F AL bk i FHE - 1 R 2 Bt 35 VR
AR R E RN (P<<0.05)., K EFENKES
T R A O OE R A WL AL BER B s B e,
H#% W F AP 60. 70% . 7 24 M B R W,
TE it A Ak BT K AT A8 B K ST R T T 48 22 0 Bk R
T AR A A R I (P<<0. 01) , Hirp E e b 3R
TGP A4 27 ) Bk v RN I TR F B O R R, HEK

540

F,=501.26**
520} F,=133.58%% Aa As As
i Fy.,=3.87* T b
£ 500 Bb
&0
mg 2 480
F > Ga Ba
i]:l?E 460}
H3 440}
it Ac Ab
= 420}
o
400 E%I
380
WKFU WZFU WJFU WlFl WZFlWJF\ WIFZ WZFZ WJFE
Kb Treatment
1 AEKEBLETEEEZNTESS

Fig. 1
fertilizer treatments

AN TR K B 3R 7R A IR0 G i 4 3R, R Rt T Ak 3 2 i) 2% S 4
(P<C0.05) s AN [Al /N 5 B 3 7 AH ] i JIE Ak B0, AN [+ 8 38R e Ak 0 22 i)
2 5 W # (P<<0.05) .

same water treatment, there is a significant difference among different

Hay yield of B. inermis under different water and

Different capital letters indicate that under the

fertilization treatments (P<C0.05) ; Different lowercase letters indicate
that under the same fertilization treatment, there was a significant
difference among different water treatments (P<20.05). *: P<C0.05; **:

P<20.01. F[A] The same below.
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Sy it B Ak 3, 7K B 38 KSR R B fik
2.4 FRAABRIEALETALZELG TSR

ARV AR L 3% T T 46 22 19 CP ADF A NDF & # ) REV SR 3R . -4 4 CP & & B 45 it IE i
I TR o 110 398 o 459 B 2 A A R A (B WL FL AR HRLAL ), WLF, A B WO AR BRI CP & 534 i T 29. 50% . A ]
KT NDF #l ADF & i B it I &5 19 38 0 2 F R 5 8 TRaE g, fEAHEAE(F) &4 T ,ADF & & fi &
VHE R S 0 0 R R TR B, WLF A HR RS WOF A B ADF & B AR T 13, 94% . i FE F, M F, 7K F ,NDF
M ADF & &5 B % 0 & 0 38 0 2 R RS 3 s . B WO FL AR SRA LA Ab 3 A9 REV {3 K F 100, 2 WLF,
Ab PR, Homs T A AN 38 . 5 22 4 A B VIR it A Ak BRI K RE A2 LI NE TG E A2 1) CP ORI ADF 5 i A R B

52 m (P<<0.01).
70, Fu=76.41%* Aa 45, Fy=134.69**
F.=13.97%%* _L F,=18.49%%
65} F,..=8.27%* _ 40r F,.=10.36%* Aa Aa Aa
) k= 351 Aa . JE T Ab
o 60 Ba :n - _L
) 30t
_E s Aa ¢, il Ab o &2 s Bb R
r = == c
f2ot L aerhy| | skl | Eial B
=1 2 r
<
= 40 2 10}
351 sl
L e A e (T B B
WF,WF, WF,  WF WFWF  WF, WF, WF, WF,W.F, Wik, WF, WF WF,  WF, WF, WF,
M FE Treatment

2 AREKELETEEEZHERER

Fig. 2 Growth traits of B. inermis under different water and fertilizer treatments

x3 ARKBLETEEEZNERER

Table 3 Nutritional quality of B. inermis under different water and fertilizer treatments ( %)

poE:! HLEH TR RV U 21 4 rpPE R R AT 4 AF X ] WA
Treatment Crude protein (CP) Acid detergent fiber (ADF) Neutral detergent fiber (NDF) Relative feeding value (RFV)
W.F, 11.3940. 09Bc 32.15+1.91Aa 51.14+1. 22Aa 131.0441.93Aa
W, F, 12.09+0. 38Ch 30.87+0. 64Aa 51.4940.71Aa 113.2642. 83Bb
W.F, 13.3240.19Ba 27.67+0.33Bb 50.38+0. 29Aa 120.4242.89Bb
W.F, 12.64-+0.09Ab 31.27+0.13Aa 51.1841. 38Aa 115. 824 1. 71Bab
W.F, 13.964+0.42Ba 27.86+0.26Bc 48.60+0. 50Bb 110. 6347. 64Bb
W.F, 14.16+0.04Aa 29.54+0.40Ab 49.56+1.22Aab 120. 84+ 5. 98Ba
W F, 12.9940. 33Ac 30.60+1. 00Aa 51.50+0. 89Aa 83.49+0.50Cc
W,F, 14.75+0. 28Ab 26.72+0.83Bb 50.5940. 09Aa 129.1742.45Ab
W.F, 13.80+0.63ABa 27.50+0.76Bb 50.68+1.22Aa 143.9346. 11Aa
W <20.001 <20. 001 0.021 0.045
F <20. 001 <20.001 0.032 <20. 001
W XF <20. 001 0.002 0.327 <20.001

2.5 RRGAHBAIELEFTALEENLERSAS
A KR AL FRE B o 48 2 0 L3 o i (B 4) . TEMRIK A4 TF IR (F, F ) E T B e L

H OM & &, Hrp , W.F A8 OM

PO ==

w1 B HY 1Ay

(21.38 g kg '), B H AR W F AL BRER & T 48. 58 %6 o Jift A &b # %f
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BRI IR TR W, TP & e W R AR B NIk 8l f i 58 WO F AR B I T 25.17% . AP & & NI 7E W.F,4b
PR 3k #) B g (14. 68 mg-kg ), B W, F kb BB fin 7 19. 06 % . W.F, kb B AN 5 35 3 i K H (57. 18 mg-
kg '), @ FH A AN, B W F A3 (20. 85 mg-kg DG INT 174. 24% . EAHFIK (W) E&4 T, WFH W.F,
A FRAY AN S RIN T 104, 43% s AL (F,) 200 F , WoF, 38 W FL AR B AN & i By T 46.62% . 5 Ab 38
i) () pHAE ¥4 TC . 35 22 53 (P=>0.05) o 7 220 W 2 W, it AE A6 B2 X JC 1246 22 1 -8 OM . TP . AP . TN Ml AN % &
) EA B 3E 0 (P<<0. 05) , E ML B AUA H 3 AP TP FI AN & 247 3 % 0 (P<<0. 05) , K AR 52 HAE A + 45
AN B it B 3 520 (P<<0. 01) , MiX HAl$5 45 (OM TP AP TN) ¥ 78 i 2 50 (P=>0. 05) .

x4 AEKBLEBTEEEZNLIERSIRE

Table 4 Soil nutrients of B. inermis under different water and fertilizer treatments

I pH HHLR 20 S 2 A A
Treatment Organic matter Total phosphorus ~ Available phosphorus Total nitrogen Alkali-hydrolyzable nitrogen
(OM, g-kg ) (TP, g-kg ") (AP, mg-kg ) (TN, g-kg' ") (AN, mg-kg ")
W F, 7.74+0.08Aa 14.3940.71Bb 1.434+0. 10Ba 12.3340. 32Ca 2.17£0.11Ba 20.85+3.12Cb
W.F, 7.79£0.03Aa 15.684-0. 34Aab 1.30£0.01Ba 12.6840.47Ca 2.1340.01Aa 30.16£2. 33Ba
W.F, 7.77£0.04Aa 17.7540. 90Ba 1.2840.10Ca 12.5340.08Ca 2.13£0.01Ba 27.98+1.09Ca
W, F, 7.78+0.04Aa 16.84+0. 19Ab 1.6340.01Aa 13.4440.42Bb 2.27+0.03ABa 30.49+0.79Bc
W,F, 7.78£0.05Aa 16.4340. 63Ab 1.514+0.06Aa 13.694-0. 14Bab 2.21£0.01Aa 40.97+2. 13Ab
W.F, 7.75+0.03Aa 21.38+1. 20Aa 1.5240. 17Ba 14.0340.27Ba 2.24+0.01ABa 48.22+2.74Ba
WF, 7.77£0.03Aa 15.644-0. 11ABb 1.7940.09Aa 14.0540. 34Ab 2.33£0.06Aa 39.00£2.87Ab
W.F, 7.76£0.02Aa 17.5240.42Ab 1.6740.17Aa 14.5240.51Aab 2.24+0.10Aa 44.25+2.92Ab
W.F, 7.76+£0.03Aa 20.43£0.33Aa 1.7240.04Aa 14.6840. 06Aa 2.31£0.13Aa 57.18+6.78Aa
W 0.960 0.057 0.038 0.012 0.198 <<0.001
F 0. 660 0.008 <0.001 <0.001 0.002 <0.001
WXF 0.673 0.190 0.959 0.590 0.968 0.009

2.6 RERBEKIAIE T B3 E & 69K AEH A 2L F

AU K IE S A5 00 TC 05 48 22 AR U 09 7K 3 B N RE R AR By 35 52 e (11 3) . WUE BV T8E &5t 1 384 Jon 522 (2
F R (P<0.05) o FE 7] —HE k3 09 208 L it AR Ab B (F,  F,) 8Nt IR 4b #1L(F ) (1 WUE & 3% #2 T+ (P<<
0.05) , fHKMEAE B X WUE R A i 3 (P>0.05) . Hi, W F, 48 WUE i (0. 113 kg-m ™ *) , ifii W,F, &b ¥
1) WUE £ ik (0. 068 kg-m ) . PFP 55 PFP, i 28 fb #a # idy BF — 350, VE W o it I 15 M 28 AR FH 34 X% PFP 5 PFP,
PR W W (P<<0. 01) o fE R —Hi ALK ¥~ , PFP 5 PFP, B % #E I it /) 55 00T 45 o0, 11 F AL 22 T B PRP S

P,=0.001%* Py=0.001** 5 ~ 7, Py=0.001**
010 P“ 0.001%* S _ O p0.001% 27 1 P=0.001%*
b B4 P,..=0.171 Een 5p Pur=0.001* T B Py=0.001%*
B E70.12 Ba Aa REE Ab Aa REL 5 Ab Aa
féggom Ab S22 Y Ac £ 320 Ac
EG 2 58 2 By HEE 4 _—
= 0.08 Ac Ac #H e 3 Ba a A a
= E o = S Bb ES Y3 Bb
@52006 228 =52,
xvx' = 2 0.04 J‘Ri& GDJD ﬁt: ﬁ
= 0.02 58! R
0 - %0 g0
; ; o ; ; ; ; ; ; &~ W.F, W.F, WF, W.F, W,F, WF, W.F, W,F, W.F, W.F, W,F, W.F,
4k 3 Treatment
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Fig.3 Water and fertilizer use efficiency of B. inermis under different water and fertilizer treatments
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B. inermis under different water and fertilizer treatments
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Table 5 Comprehensive evaluation results of B. inermis under different water and fertilizer treatments

Ak 7 1 By 5 2 F S0y ERAT P R
Treatment First principal component score (PC1) Second principal component score (PC2) Comprehensive evaluation result
544y Score HEF Rank #34) Score HEFP Rank 2545 1341 Composite score ¥ Rank
W,F, —1.466 9 0.111 5 —1.292 9
W,EF, —0.587 6 1.244 1 —0.384 6
W.F, 0.019 5 —0.496 6 —0.038 5
W, F, —0. 857 7 0.658 3 —0.690 7
W, F, 0.929 3 —1.033 8 0.712 4
W.F, 1.010 2 1.188 2 1.030 1
W, F, —0.988 8 —1.533 9 —1.049 8
W,F, 0. 855 4 0.612 4 0.828 3
W.F, 1.086 1 —0.749 7 0.882 2
3 atig

3.1 KieRESAEELLEEET LSRG Y A
A Ml PR AR K Fe LA A B 2 5 4 Qe AR | A b 300 5 e A LA R A L R 2 — o AR ST R
BH 3 B Y OB K IR I 5 (W.F A &8 WOF 42T T P(21.22%) \WUE(31. 18% ) & LUE(19. 85% ) , Jf-fi¢ gk it
BERMA ML X FEG S T ABKICH G B migtk &R AL S KOG A 0T WG P, O i 05 1
Filg 135 P 114 7 2 e 7K A3 SR 43 1432 i A T N PR R R o R B R T I A U R R A e
KR RE-1, 5-_@€ﬁﬁi¥ﬁi1’k@ﬁ/ﬁﬂ%L@ﬁ(rlbulose-l 5-b15pho%phate carboxyla%e/oxygenase Rubisco) i 5C 8 J5 ok},
WHEES 506G TG OGS B bl #2757 WL Ab BT A8 38 1d 0 < fL 5 2 55 Rubisco 36 1™, A 2 4k
TG kR 5 AR TEC AL i 43 Bo R mEWIFOALIET,7J<év‘5%%ﬁﬂﬂxi§lﬂ@ﬁzﬂfﬁéﬁiéﬁ@x
AL CH R AL ROCR T B, B &M HDE A R RE 1 o AR BRI M a3 K (Zea mays)™ /N3 (Triticum
aes‘z‘z‘vum)(‘m SVEYIRKIERRE AR & .
3.2 #HBMAKIEAENSALEELZ AN EI>RE FAO>REG YA
AHE ST R W TO 1 48 22 AR AR 1 AR B R AR W i AR B B (BN [R) 0B 7K S 81 42 A SR X TG 14 48 22 1Y) ) o R o
FoAE R T WO A B AR R RO AR (A Oy I R B L B WOF AT R B R T T 28.31%, CP
TEMK T 24.32% 0 JRE WF, A0 B SRR R S R T AR OE T WOF AR B R A JE 25 S L KR RO B
18 U AL 1N AT 7K 43 70 R 2% 1 B AR 1 T 1 48 22 A BER RS KT WU, A B Sk 38 o B 7 TG AR R BE AR T B bR A
KA AT AERE AR K 32801 5 WLF b FRAH 2 9 7 & o SR T, L6 ARV E 42t R Tt AC AL 3R, JE 1 46 42 32 3
T 38 IR B AN S, 6B 7 S 43 L A AR FR D 4R HE K 2 O, S BOK R A LT AR R T AR,
il ZEFF b 3% 40 1 B A% 20T R TR S e AR R 9 2F R R OB I T 5 2 A o S U 2 S BOE T A A T
R KR T TR SRR B A S 23 R BN B R R R B (F,) DU s i o B8 i A L 4 T 38 18 3% 4 2R A 4 R R A
Fo WA EARF M KBEE T R EEEZNFESBRBE LG HEDY L KFE(Oryza sativa)™ | F 5
(Leymus chinensis)"* SR 0 £
3.3 KERENAEEZELEIER S ST A
KRB PR AALE WAE Y LY R B W B E T IR . RS R, WF, A3 i 3 48 T + 58 AP
AN F &, Hop TP AP TN ALAN & 58 WO F Ak 273 5] 42 71 20. 2896 .19. 06 %6 .6. 4526 F1 174. 24 % (P<<0.05) ,
Hp X AN SRR TR o8 B F WE A B - 5 AP AN & 88 W F 4b B2 5148 T+ 13.79% . 131. 27 % (P<<
0.05), [ i PFP. . PFP, i & i T W, F, 0 B, 53U T T i i A5 88 B0 09 7K o34 2 0 38 Gl A W %) 3% P AR 3 O B



114 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 7

Bt e Ah, m A (F,) v 4 rey A S IR A 05 M PR 3% 09 3 L B NH, =N 5 R 3R 43 W W OB 1 6 800, i DA
0] v A B MR T A A HL g ok 3k IRV ERE J1 . X 5K EHE A XS 3P (Dactylis glomerata)”” F1 5 #8 (Canna
indica)"™ B 58 25 - — 0, BIZE 0~20 em 38 od B89 /K ZURE A b B AT B 25 4R RS 36 W A OM TP & 41 35 it
(P<<0.05), 238 M 118 AN AP FEERCH & 15 53 5 0] R AT 25 42 %55 25. 5296 .39. 70 % F134. 67 % (P<<0.05) .

AHEFE R, AR AKIE AL X TE 5 48 22 14 25 5 O A7 AR i 35 22 5, WOF b 3 (9 6800 m’-hm *, fili N 120
kg+hm * . P,0; 100 kg+hm*) Z& & PF 45 fie i (26 5) , (H /K B 38 B4R % 2 W00 22 48 45 (40 P, \LUE . T, . TP, TN %)
)5 AN 8 3 (P=>0. 05,3 LRI 4) , AT AE 2 K A 76 3 1 7K A A6 5 BBl PN, 3 TR o R i A 5 X6 T 75 48 A2 G
Ly R S S5 b IR S 0 5 ) R BN IR ST (0 RO A, TG T A 2 A Ry SR A ) R AR B,
B #E R Z 6K o F SR R LA R 1 v K G335 B8 R 5% 43 T Ak aok AR AE S0 NPT R S U AN =K e Rz 7K
JIES i A B4 38 T T A — 2 0 PRl P LA R e A ST

4 Hig

KRB 8 458 XF TG 15 28 42 B A R AR PR R BE I - 3R A O e 48 L W S A R R 2 R ol 6800 m*
hm “F1jiE N 4224 120 kg-hm * i PO, 5 4 100 kg+hm *If, G F] T IC 48 2 66 77 W T8 i K + 358 35 73 0 ol 3%
HE TR A R R
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