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Effects of water and nitrogen regulation on growth and radiation
utilization of alfalfa and Bromus inermis Leysis. mixed cropping grassland

WANG Aixia, QI Guangping, YIN Minhua, KANG Yanxia, MA Yanlin,
WANG Jinghai, JIA Qiong, TANG Zhongxia, JIANG Yuanbo
(College of Water Conservancy and Hydropower Engineering of Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract; To solve the problems of extensive production management of artificial grassland and insufficient uti-
lization of climatic resources in inland arid areas of China, a reasonable pattern of forage planting, water and nitro-
gen supply was employed to fully explore the production potential of regional forage. Triennial ( sown in 2018) alfal-
fa (referred to as ‘alfalfa’ ) and Bromus inermis Leysis. were used to analyze planting patterns ( alfalfa and Bromus
inermis Leysis. mixed; D1; Bromus inermis Leysis. single; D2) | nitrogen application (low N1 60 kg + hm™; high
N2: 120 kg - hm™) and irrigation amount on forage leaf area index (LAI), dry matter accumulation, cumulative
interception of photosynthetically active radiation ( CIPAR) , radiation use efficiency (RUE) , yield (Y), water
consumption (ET,) water use efficiency (WUE) and nitrogen partial factor productivity ( PFP, ). The irrigation a-
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mount was measured using percentage of the lower limit of irrigation to the field water holding capacity 6,, with ade-
quate irrigation (75% to 85% 6,) at the branching stage, mild water deficit W1 of 65% to 75% 6,, moderate water
deficit W2 of 55% to 65% 0,, and severe water deficit W3 of 45% to 55% 6, at the budding and first flowering
stage, and the upper limit of irrigation was 85% 6,. The results showed that; (1) The LAl and dry matter accumu-
lation of forage grass increased with the increase of irrigation and nitrogen application. With the advance of growth
period, LAl increased rapidly first and then slowly increased or decreased. Dry matter accumulation increased
rapidly first and then increased slowly. (2) Both irrigation and N application promoted the accumulation of photo-
synthetically active radiation interception in forage. Compared with WINI1 treatment, WIN2 increased by 6.38%,
WINT1 increased by 15.82% when comparing with W3NI treatment. And the amount of N application was positively
correlated with the RUE of forage grass, and the amount of irrigation was positively correlated with the RUE of
mixed forage grass, while the opposite was true for unicasted forage. (3) The increase of irrigation and nitrogen ap-
plication increased forage yield. Of which W1N2 treatment reached the maximum forage yield, with mixed and uni-
casted yields of 26 050.73 kg - hm™ and 12 186.10 kg - hm™, respectively. While the increase of irrigation re-
duced water use efficiency, W1 was 2.05% to 8.16% smaller than other treatments. And the increase of nitrogen
application reduced the partial productivity of nitrogen fertilizer, N2 was 9.68% to 46.42% smaller than other treat-
ments. (4) Compared with Bromus inermis Leysis, respectively, the LAI, dry matter accumulation, CIPAR, RUE,
WUE and PFP of mixed forage increased by 132.62%, 112.93%, 49.27% , 45.34% , 88.76% and 111.55%, re-
spectively. Alfalfa mixed with Bromus inermis Leysis. combined with mild water deficit ( lower limit of irrigation
65% ~75% 6,) and higher N application (120 kg + hm™) significantly improved forage biomass and radiation use
efficiency.

Keywords: mixed forage; water and nitrogen regulation; dry matter accumulation ; radiation use efficiency
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Table 1 Experimental design
KT R (ol T IRF KR 6, 8% 4380 L
Kb Rt KA Low irrigation limit( Percentage of 6;)/% N_ﬁ@gi/quz |
Treatment Planting pattern Water deficit A AL WIFE y (1;(10ger}11 e_vze)
+ hm
Branching stage Squaring stage Initial flowering stage &
DIWINI 60(N1)
W1 75 65 65
DIWIN2 120(N2)
D1W2N1 60(N1)
D1 w2 75 55 55
D1W2N2 120(N2)
DIW3NI 60(N1)
w3 75 45 45
DIW3N2 120(N2)
D2WINI 60(N1)
Wi 75 65 65
D2WIN2 120(N2)
D2W2N1 60(N1)
D2 w2 75 55 55
D2W2N2 120(N2)
D2W3N1 60(N1)
W3 75 45 45
D2W3N2 120(N2)

F2 BRERERTH

Table 2 Irrigation quota for each treatment

Treatment Annual irrigation Treatment Annual irrigation
/(m® + hm™?) /(m® + hm™?)
DIWINI 4532.12 D2WIN1 4025.50
DIWIN2 5407.62 D2WIN2 4257.48
DIW2N1 3916.30 D2W2N1 3722.36
D1W2N2 4516.31 D2W2N2 3957.42
DI1W3N1 3549.75 D2W3N1 3199.67
D1W3N2 3949.71 D2W3N2 3525.37
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Fig.2 Effect of water and nitrogen regulation on leaf area index of forage
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Table 3 Analysis of variance of LAl, dry matter, CIPAR and RUE of forage under water and nitrogen regulation

LhR U LAI TH5 Dry matter CIPAR RUE

Treatment  Cutting D1 D2 D1 D2 D1 D2 DI D2

W ) * ok * % * % * % * % * % ns %

N gﬁ#ﬁ * ok * ok * ok * ok ns * ok ns ns
First cutting

WxN ns ns ns ns ns ns ns ns

W ;. * % * % % % * % * % ns * %

BB

N . S ® ok * ok ns * ok ns ns
Second cutting

WxN ns ns ns ns ns ns ns ns

\% P * % * % * % ® % * % * % ns * %

N %#E * * ERES ERES * * % ns ns
Third cutting

WxN ns ns ns ns ns ns ns ns

W ox o R R EEZES (P<0.01) , + FRAAEEFMH2E R (P<0.05) ,ns F/RZEF AL E(P>0.05), T,

Note: * * indicates a highly significant difference (P<0.01), * indicates a significant difference (P<0.05), and ns indicates no significance

difference ( P>0.05). The same below.
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Table 4  Correlation analysis between the factors

X+ Factor LAl T Dry matter CIPAR ~ RUE
LAl 1.000
T Dry matter  0.926* * 1.000
CIPAR 0.735 0.490 1.000
RUE -0.472 -0.236 -0.451 1.000
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/N 6.88% Fll 22.30% , ] UL, Jifi &l 1= 5 B K RUE
BIEMEOCR K S SR RUE SEA ¢
2.4 JKFIAEMTHEKRF AERH M
TR HORE 1 77 i B K a L 7K 43 R FH AR
FRAENEAW A7 T B AnER 5 R R 5 AT,
IR R ZR B PR - R 7 i AB K i 7K 0 R
BRI AR 7= 15 il 8 (P<0.01) , /KA
R RS A 7 7 5 i b AR, R LA
PRI R AN B3 (P>0.05) . HEINHE K & A
it R XA R T B e R i R RS R AR K B, WIN2
Ab PR e VR K R 38 A B K TG AR B 2 ™
=434 26 050.73 kg + hm ™l 12 186.10 kg + hm™,
Kk 94 6 436.56 m® - hm™ 15 514.15 m® -
hm ™ 5 {H 7K 3 AT T2 i PR o3 R RSO
WINT 7K 3 HF) RS W2N1 W3NT Ab B IR 3% 12
& /N 2.05% .2.24% F12.5% .6.03% , WIN2 45
W2N2 \W3N2 AbIRIRRE AR 73 5780/ 2.88% .6.03%
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Table 5 Effect of water and nitrogen regulation on forage
yield, water consumption, water use efficiency

and nitrogen partial productivity

7 ET,

JGBL . WUE PFPy
Treatment Yield /(m® - hm™?) /(kg - m™) /(kg- kg™
/(kg - hm™) m m g-m (kg - kg™)
DIWINI 23281.93b 5421.25¢ 4.29h 388.03a
DIWIN2 26050.73a 6436.56a 4.05d 217.09d
DIW2NI  21517.43¢ 4910.24d 4.38ab 369.74b
DIW2N2  23772.98b 5698.65h 4.17¢ 198.11e
DIW3NI 18324.82¢ 4090.63e 4.40a 305.41¢c
D1W3N2 21203.20d 4805.14d 4.41a 275.85f
W * % EEEY * % ERES
N * % * % * % * %
WxN ns ns ns ® K
D2WIN1 11036.45b 5055.53b 2.18¢ 183.94a
D2WI1N2 12186.10a 5514.15a 2.20¢ 101.55d
D2W2N1 10001.38¢ 4482.06bed 2.23be 166.69b
D2W2N2 11219.38b 4702.77¢ 2.33ab 93.49de
D2W3NI 8792.68d 3878.85e 2.32ab 146.54¢
D2W3N2  10188.07¢ 4284.23d 2.37a 84.90e
A\ * % * % * % * %
N ® sk ® sk * ® ok
WxN ns ns ns w o

T R RING B R AR PR ) 25 57 W35 (P<0.05)
Note: Different lowercase letters in the same column indicate signifi-

cant differences among treatments( P<0.05).

F1 8.16% \7.17% ; i A& & A3 i 25 2. 35 08/ N R 1Y)
RACIRA T 71, WIN2 58 WINT Ab #R #% Al B $% 43
SN 44.05% F11 44.79% , W2N2 %5 W2N1 kb PR #%
FIEAIE 23 W/ 46.429% F1 43.91% , W3N2 %8 W3NI1
AL FRIR A AN SLHE 53 /N 9.68% F1 42.06% , %5 I
LA B oK m i A A R TR = et
TRA T i PO K o R 80R AR 2R 1T 38
I J R A = T

3 0w

3.1 KREIFETHEM EREHTHFE

T AR R0 (LAT) ] B R A A A A R L
HE SRR AR B BB, fE—E
[P, LAT R, VR 12 52 K BH i 55 1) DX A, A
PI e A AR RTBGIR L, & B A L st 2> 1
YEW =B LAL SRR PR IEAROG, SR, 2 LAT B3k
—E I FHES , 2l [ RAREAL, 565 R , 1R
PR ERERY  ARBETE T BRI SN LAL SR
TY o BB R R AR IR A O, BE— 2D U] LAT X T
Pm g T X SR % RIS R —
B, ABEFT T, 3G 0 K RIS SR R
LAI B GEHEAR T 5 AR BT A4 11 38 1 7K At

N B T R LAT D 5E 45 5 — 2, T R
K NSRS R AR SE T VE AR A A L
W T 2205 37 S 6 B L, bR VR 2R
MR A IR BRI RO, SRR A
], Fa U BT AR AT R T A5 B K 1fi
FEUHG B30 it 20 2t R R 7K o ) 38 R S 1S KR i)y, 32
B R AT R AN IR0 A 15 7T T TR R o 11 it
RACFR K AN A TR 3 FRIME
3.2 KRBAETHETYRERISE

T o R R R S B A A K AR Y AR
B, R A2 AR it Pl | 8 I b 52 i A | 855 43 R K
SRR T 5 BB R e PR Y
I KA — e B LR T R R R
FRER, KA RSB T 5 R i
SECT Y R 3R K A VAR R Tk
SRR M R B sk R A RRE 11 it S
H AN RESE = VR R WK RE T AR ARG M 42
HEVEYIRS S 5% 43, A R TR bR AR 25
SERI, DN B R R 0 BRI, A Y
IR AR BE Ml e A2 P ik B i Y | A% S e e bl
AN it FH ek 38 R 3 30 Ay S 3 R sk /), T K
$91036.27 m® « hm™ i (1 4 241.05 kg - hm>Hf
R PR R K AR R R T KA
A i A AL B R T i B AR AR, X 5k A
ARG o S KT i U K A B AT DA K T
Wy I B TR 3] e A A 2 S A5 e 2 Rk
AT R 7K S R AR rh K A 1 4
—3, WA AT R HETE , BT ) i R AR R
Sl HEIE K J5 g2t N B I R R T i R AR
PR K, H 3 DR R Y 2R A K AR B SR A
KW BEsE s X 5 A T 45 AL, o] AL, E B
7K RN A4 R T i R AR A RGER TR
3.3 ARGFAEMNHEXREETYESFTNZI

A A RERS (PAR) SR P T 6 A E
Bf BRIt R o RIS EiE R R, A
YEHIWE hy ek I 7 22 0 AL B J B 2 — , L 8 1A]
FESC AR 0 2 A 4 K D RE , DI 52 M VE 4 1)
P SOHAR AR BER Y K 4y TN R 4y gt
SEM VR b 1 ER A i AR A Ta) 42 52 i e JR AR OB
ARSI (IPAR) |, NITTSE i RO A A 20
S (CIPAR) AR 5 R I8 % (RUE) . RUE LWt
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YR i H e bR, BRI, BEE R K &
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X5 kA AT A G i R T B A A 2 2R
TR A A S S S & 75 5 15 ok
2 BRI it 2 YERE R AR BE 1, I8/N CIPAR WYIFIE 45
IR, MeHh, AR R IRFEHR T RUE Fifi
THE 7K Rt 2R FE 14 T 3 R, {H B VR K Y 3 R AR
PO B3, 35 PHAE 0 A5 A K o AU R 2 BB A2
HE K- K G RIE 2R 46 14 D6 B A RO i 45 4 —
., PRI RUE B4 HE7K Gt S RN 800N , BTt
R 3 | X 52 50 15 1K 435 ik
SRR/ INEC /NG B R R A e AN, HG i PR AT
REAR AR TO 148 22 BOR R R /D RV R
PAE AR SR, H 7 A, SO R K
HIFANBEA R = Jo 4 2 RS A AR
3.4 KEIBEITHEKRF FALEHN
HERRY K A R R EAE B T Y O
+, F05 TR K 53 R R 0 R B K AR
FHASCR IS, AT R HRORH 0L 4 it AT R4 v X P > 4
Fio 7 B DR /DN 422 5 W) A 7K 4 ) H 003 RN R
REARAE 7= T, FHEAESE Y BF 5T B K AR T %K
S FIBCRA ST AR, XK 3 F R 52
IR IERON . A ST A B, Bl o5 T K &t 38
WO () R AR A 7 7 38, B 7K 53 R FH AR I [
I%, 13X 5 FEHRAELEH Ayars 25 BF5E 45 - —3L,
AT B PR 7K 43 77 ik 3 SR B sz B BR
il NI REARC T A 0 1 5% 0 ) R0 1 5855 4
It [l 7K a7 BB TR B S A AR, AT
R Rk A OB VR Ik 55 , D6 & 7 0 AE s b, A
Tl A B ™, RN O 26 7 00 AR R I,
REWIMAF TR R IE R, —E R L
TR R AN AR R E NN T
RICAR A7 77,3 5 AR FEAS 003 e it A i 2 42
T AR K 43 ) 2803 RN B A A= 7 0 B 4518
FRARL, T L, 5 M it ) sk o, EUIE A A ™ ) 2
RN, S BOR R W™ E IR 2, AR WS N aE
REEARP A A PR D 1) S ook i BRI T AR R
iR PES R L, A B ) D AR A AT i
TR E TR, B R A PR i (AR

4 & ik

1) P LAT Bt 988 7K 05 50 65k 14 18 Jonn o 46 K
LB A= 7 s 3039 B, S PR 3 K 22 1 49 K el ik
ZAN TR AR I T AR R AT AR 7 132.62%
2) ek =y T 2R AR I R I A G 1

TR, AR R, T B R A S
B K5 1 % 5 TR A PO ) T o R A 3%
SERIRENN 112.93% .,

3) KR A RE R BB CIPAR 35, 1R 4%
LR PR R 49.27% ; it KR S S RUE & 1F
PR VK SIRFEHORE RUE 2 IEAC KR,
5 RO N BEAS B A OCOC R

4) T 7K 5 R it SR 1 B R B TR
THEK S 3G N 2380/ IN K 43 ) T80 i 280 1 15
2/ NRAE R AE = T

5) HE ST R IRIE LS A 5 K (B
WIAEIIHE K TR :65% ~75% 6,) 57 A4 (120 kg -
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PRIt 5 XN TR AR ) 7K U B
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