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Water and Nitrogen Regulation Patterns for Productivity Improvement of
Bromus inermis and Alfalfa Mixed Grassland
WANG Aixia, MA Yanlin, QI Guangping, KANG Yanxia. YIN Minhua,
WANG Jinghai, JIA Qiong, TANG Zhongxia, JIANG Yuanbo

(College of Water Conservancy and Hydropower Engineering » Gansu Agricultural University » Lanzhou 730070)
Abstract: In response to the problems of natural grassland degradation, serious soil erosion, and low
productivity of artificial grassland in arid steppe region of Northwest China, effects of planting patterns,
water and nitrogen regulation on forage yield, quality and water and nitrogen use efficiency were investigated in
order to obtain a high-yielding and high efficiency grassland management pattern. In this study, triennial alfalfa
and Bromus inermis (sown in 2018) were used as experimental materials to analyze planting patterns (mixed
alfalfa and B. inermis, unicasted B. inermis; namely D1, D2), the amount of nitrogen application (N 60
kg/hm?, 120 kg/hm?; namely N1, N2), and irrigation water gradient (calculated by the percentage of
irrigation water limit to the field water holding capacity, light deficit 65% @,, moderate deficit 55% 0, ,
severe deficit 45% @, , recorded as W1, W2, W3, the upper limit of irrigation is 85% 6,) on forage yield,
quality and water and nitrogen use efficiency. The results showed that; (1)Increasing irrigation amount and

nitrogen application rate was beneficial to the growth of plant height and stem diameter. Compared with
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W3NI1 treatment, the average plant height of mixed alfalfa and B. inermis. unicasted B .inermis increased
by 27.41% and 20.26 %, 26.55% , and stem diameter increased by 11.32% and 4.11%, 20.98% under W1N2
treatment, and mixed forage had a promoting effect on B. inermis plant height and a suppressing effect on
stem diameter. (2) The increase of irrigation amount and nitrogen application rate was beneficial to improve
the forage yield and quality. The annual yield and crude protein (CP) content of forage under WI1N2
treatment were the highest, and compared with W3N1 treatment, the annual yield and CP content of mixed
forage increased by 42.16% and 27.00% , and unicasted forage increased by 38.59% and 37.26%. Respectively,
ADF and NDF of mixed forage decreased by 19.56% and 33.86%, and unicasted forage decreased by 21.29%
and 25.53%. (3) With the increase of irrigation amount, IWUE and WUE decreased, while PFPy increased.
With the increase of nitrogen application rate, IWUE, WUE and PFPy decreased in mixed forage, while
IWUE and PFPy decreased and WUE increased in unicast forage. Based on the principal component analysis,
the highest combined score of light deficit (irrigation lower limit: 65% @,) and high nitrogen (120 kg/hm?*)
was obtained in the mixed forage, which was a suitable water and nitrogen management pattern in the region.
This result can provide a theoretical basis for forage planting management in arid and semi-arid grassland
region of Northwest China.

Keywords: water and nitrogen regulation; sprinkling irrigation; bean and grass mixed sowing; yield; quality;

principal component analysis
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37.26% . WUH ADF Ml NDF & J il 4 5 5 o i) &2 22
febr 2z —, AR o . 2 5 2O RE ok K AR B D
KB B 2, 2, B R A, IR
B WIN2ANBE R 4 #5 ADF #il NDF &A%, 43> 5 N
30.77 % 1 38.70 % » 5 W3N1 #H L . 23 HI FEAK 19.56 %
1 33.86 % ; BARE AL WIN2 4bFE R ADF I NDF £
.20 3R 24.38% Fl 32.84 %, 5 W3N1 #H I, 43 5
FEAR 21.29 Y6 R 25.53 6 » 156 BT >4 14 7Kk AUt == g

BRI WIN2 AL B 408 CP e A F) 16,4300, BB M0 S i
F2 KRPERMEEXNHRER RN BN
b HER WA U LR % e HEN i P vk L vE %
&' (CP) 455 (ADF) 444 5 (NDF) & ®(CP) 455 (ADF) 44 & 7 (NDF)
DIWINI 19.00+1.44ab 31.57£2.20cd 41.10£1.35¢cd D2WIN1 13.73£0.57bc 28.83£3.02¢ 36.43+2.45¢
DIWIN2 21.40%+1.85a 30.7740.93d 38.7041.40d D2W1N2 16.43+0.44a 24,38+2.20d 32.84+1.62d
DIW2N1 17.82+2.31bc 34.2340.91bc 45.81+2.83ab D2W2N1 11.92+0.72bed ~ 33.60+1.62ab 40.58+1.52b
DIW2N2 19.47+0.87ab 33.584+2.14bed  43.8043.22bc D2W2N2 13.8640.78b 27.91£2.20c 37.53+1.67c
DIW3NI 15.6240.40c 38.25+2.61a 19.11+1.36a D2W3NI1 10.31+0.52d 36.86+0.81a 44,10%+1.84a
DIW3N2 16.84+1.29bc 36.61+1.20ab 47.33+1.88ab D2W3N2 11.63+0.84cd 32.9340.50b 41.46+0.86ab
WA N s M N
WXN ns ns ns WXN ns ns ns

W R BRI AR U2« x RORAFAER B FEZE R (P<0.0D); * RRAFFERFMEZEF (P<<0.05);ns RRTLREFMEER (P>

0.05). T,

KEIFE R FEER I EK R F AR
FHER 3 W, K 5 AN FE K 2 Y Bl 2 5 K FE B
) 32 T D /)N o P s TR R R K B, e IR KR 0 S

2.3

B 12,31 %M1 10.98 %, 0 UL, BAH% A0 &5 B9 #E 7K 58 B2 /N
TIR#., RIBEHPRF M E IWUE, WUE #il PFPy 4>
P 2P S 87.38%0,88. 71 % A1 112.97 %, HE K B I
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it 28 F X i B IWUE, WUE il PFPy 19 52 Wi A% i3 3%
(P<C0.0D), Hosg HAE XA TWUE il WUE (1) 5%
M) AN S22 (P =>0.05) , X 44 PFPy [ 52 i i 5 35 (P <<
0.01) . Jiti 2 i AH [ B, B o5 8 K o B9 385 i, IWUE Al
WUE /N, PFP 38 KRR T . W1 48 W3 b3
IWUE ,WUE Jii /> 5.41% 11 5.33% , PEPy 34 fill 25.51 % 5
HAERI T W1 8 W3 43 TWUE il WUE 43 51
/> 2,70 % F1 6.61% . PEPy A 23.35% . WE 7K 4 4H [
Bt i 2 it 2 i S8 FE IR AL R, IWUE . WUE

M PFPy ¥ /), N2 & N1 4t ¥ IWUE, WUE #l
PFP 43 9k 20 6.10% ,4.15 % Fil 44.33 % ; BALHE #E =X,
TLN2 8 N1 4B IWUE 1 PFPy 40 502> 7.25%
M 43.69% , WUE 34/ 2.71% , 18 #5 F B 4% 4 25 78
W2NI1 4 #~ IWUE # K, 43 5 b 5.66,2.89 kg/m’,
WINI 43 45 55 PEPy 5 K, 430 i o 388.03,183.94
kg/kg, W3N2 4t 3 WUE #% K, 20 9 Jy 4.41,2.37
kg/m*, U mHEK SRR WUE #l IWUE,
e AR PRI PEPy

F3 KFFERMEEINAEKREF ARENZME

e WK/ THEWE KR 35/ FEK &/ Koy R R/ BN A=T=F1/
(m* « hm %) (kg * m *) (m* « hm %) (kg * m %) (kg * kg™")

DIWINI 4532.124+210.58b 5.1440.04c 5421.254111.09¢ 4.297+0.06b 388.03+4.99a
DIWINZ2 5407.624163.73a 4.8240.05d 6436.564+106.61a 4,0540.04d 217.09=+2.40d
DIW2N1 3916.304+151.52¢ 5.6640.24a 4910.24+148.73d 4.38+0.10ab 369.74+15.35b
DIW2N2 4516.31499.06b 5.2640.06bc 5698.654104.68b 4.1740.01c 198.11£2.44e
DIW3N1 3549.754+116.71d 5.37£0.07b 4090.63494.12¢ 4.40£0.06a 305.41+£4.87¢
DIW3N2 3949.71479.19¢ 5.16+£0.08bc 4805.14+191.92d 4.41£0.04a 275.85+2.28f
HEKE W — % % x % % % % %
it A &= N - * * % x % % %

WXN — * % ns ns * %
D2WI1NI1 4025.504149.38b 2.8340.05a 5055.534112.60b 2.18740.05¢ 183.94+3.96a
D2WI1N2 4257.48453.24a 2.57+0.08ab 5514.154+123.11a 2.2040.10c 101.55+4.29d
D2W2N1 3722.364+112.25¢ 2.8940.03 a 4482.06+74.28bcd 2.237£0.07bc 166.69+5.16b
D2W2N2 3957.424+121.45b 2.74740.06ab 4702.77491.86¢ 2.337£0.04ab 93.49+1.58de
D2W3N1 3199.674100.86d 2.86+0.07a 3878.85+170.21e 2.327£0.07ab 146.54+4.46¢
D2W3N2 3525.374154.58¢ 2.69+0.08b 4284.,234+240.71d 2.37£0.03a 84.9010.94e
HKE W — * % * % % % * %
it A &= N — ns * * *

WXN — ns ns ns * %

24 ERHSSW

F 440 %) BT BR AN BB 4 AT S B A RE L T R
PR IL S L WO R O R S B (CP) (IR PR B IR AT
4k (ADE) | FP PRI £F 4k (NDEF) L 7= 8 (YY) L HE I8 7K )
A (IWUE) (7K 43 Fl 280 3% (WUE) Fi&E fhi A=
P2 (PFP O 3E4T 5085 9 — 1k AL B, R 8 4343 #r
P 7 A HRIR AT R AR B E SR B (BR 40K 5,
F R TG BB 2 A B R R AR > 1, R
kR IR F] 90,045 %, F WX 2 A F WAL 7 R AR
MEEFEE ., ER 1A B RE R 64.636%,
R CP .Y . IWUE fl WUE 4 MNEAR IS0, T a5
2 R JE IR (S BKY 25.409 %, LI ADF Fl NDF 1
Fh FE, FRLEE R MG T (R SO/,
AP DIWINZ, i 45 4 3 D2W3N1, AN A
HEK AL, W1 LRG3 0 KT W2 Fl W3; AN
A AL BT N B LR 515 43 KT N2 A [F] B Al A
KT RFBENGEE KT RE, RUTRFLEATR

J 5 KB v R e 2 3 Y K U
x4 EFRSEFEREFETHME

% — Eﬁiﬁﬁ‘ N
F 1 F s 2
cp 0.800 0.580
ADF —0.439 0.875
NDF —0.598 0.784
Y 0.943 0.273
IWUE 0.987 —0.031
WUE 0.974 0.127
PFPy 0.667 —0.182
FRAF 4.843 1.906
7 ZTTHRE /% 64.636 25.409
R TTHR R/ % 64.636 90.045

3 W

3.0 KERERMERXNEEE KT D
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TE % A4 TOI 22 5 HAE IR 1% 58l 2E 7 7 48 T ) K U 2 A 329

A MOR R RS AR R R AR T i B IR A
FKRFR 3 i A AR AR VAR R K AR O L
LR AT SR o 208 o 5 BV A s AR
PR R MAR . EE M LIRS AR T HIE T
PRI AT 2 A 0 Wi i S R O B bk v L
SFLERUT AN R R AL ORI D LR
IRAE G A AR AR AR R I R e 42
19 RE RS AT RO 5 O I . AS IR ST R T v A i 2
IR 7K B 24 BE e E 1 A8 R G £ 48 2 kL 2RO B0 R
Koo 345 S HR A5 B RIT ST A SRR L, B 5 ST
PR A — S A L 8 o it L T LA AR A 1 Rk g A
ZEH L T B e AP T A A R A A
B HEAT 7870 HEBE AT A 030 A O TR K 23 75 ik
1711 3% B 205, 7 DU 1 FA00 A6 39068 A0 He 247 A [ P JEE 114
KT 38 ORERERE R8T K SRS 2 iR IR
x5 ARKGFAEMMEES TRESSEN

R Gafy Geir AR SaRY LGedF
DIWINL  0.5326 2 D2WINL  —0.1984 8
DIWINZ  0.5766 1 D2WIN2  —0.0202 7
DIW2NI  0.3580 4 D2W2NI  —0.4336 10
DIW2N2  0.3725 3 D2W2N2  —0.2546 9
DIWSNI  0.0317 6 D2W3NL  —0.6372 12
DIW3N2  0.1758 5 D2W3N2  —0.5032 11

ARG, 5 R L IR IR AR U TC T4 R Y
AR, — B F M T R SRR, X
FEA R EEE N AR R TR TE S RA R A
AR AN TR] 2 BRI TS 43 AN [
I A S AT 43 B A 2 e 22 ) M - P ] L 12 fif
AT ORGr AR 23S 3 O IR 2 ) B R
RIKFNRAE . AN IR R B AR R Rk,
R R MR ZE K 53 RS 4, A5 T v 48 22 25 AR
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. B SR T 5 EE S K SR M
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e SNERK,

RO i JOT R A e O TR (L ) S BREE  , CRH
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o 1)t T 5 5 RUBHOAE 2 I 45 A B /K R0 FH it g
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RO A, X ESARBEA Z R, FEER N
AR50 2 7V K P Sl i 20 it L R B R O R
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AT L e A K R AR B ) RIS Ml A= 7 )
B ERRAR, o] UL, 2 UAE it P A U 2 7
o E AR, AR IR 2
4 5w

(1) 38 i 7K 2 0 it 80 A ) T B v O B v
ZEHL. 5 W3N1 b BEAH b, WIN2 4b B R IR #% & 75 .
IRIETC o482 MR TC 14 42 3 87 Y bk &1 40 il 1%
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