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Effects of variable rate irrigation on sudangrass yield and
quality under center-pivot irrigation

SUN Yu, LI Maona, WANG Yunling, YAN Haijun
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: From May to August 2019, a study on sudangrass with a center-pivot system to assess the effects of
variable rate irrigation ( VRI) on the yield and quality was conducted at the experimental station of China Agricul-
tural University in Hebei Province. Three management zones ( zone 1, zone 2, and zone 3) were delineated accord-
ing to the difference of soil apparent electrical conductivity (ECa) , and treated them with VRI and uniform rate ir-
rigation ( URT), respectively. The results showed that there was no significant difference in the annual yield
between URI and VRI management (P>0.05), but VRI saved 13.4% water and increased the IWUE by 17.5%
than URI did. Especially, for the second cutting in rainy season ,the IWUE of VRI increased significantly by 43.8%
(P<0.05). In the first cutting, VRI had no significant effect on the crude protein ( CP) contents and relative feed-
ing value (RFV) of sudangrass (P>0.05). But, in the second cutting, VRI significantly increased the CP by 9.5%
and RFV by 3.5% (P<0.05).

Keywords: variable rate irrigation; sudangrass; yield; quality; center-pivot irrigation system
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Fig.1 ECa sample location and measurement procedure
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Fig.2 Layout of sudangrass irrigation treatments
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Table 1 Field capacity ( F'C) and saturated water content ( SAT') of each irrigation management zone in experiment

IINIX 0~20 cm 20~40 cm 40~60 cm 60~80 cm S35 Mean
Zone SAT FC SAT FC SAT FC SAT FC SAT FC
1 37.17 25.53 37.27 22.10 38.76 25.48 42.45 23.91 38.91 24.26
2 40.02 23.67 41.17 21.19 41.13 18.34 40.46 15.09 40.69 19.58
3 37.35 23.60 40.36 14.89 41.13 16.69 40.19 13.59 39.76 17.19
®2 09 FHRAEEEEEH
Table 2 Growing schedule of sudangrass in different growth stages in 2019
K — — A F Grl?w—v:_h stage (m—d) . 3
ot O T K T L P i o
Seedling/regrowth stage  Tillering stage Jointing stage Booting stage Heading stage
5 —2: First cutting 05-13 05-28 06-14 06-23 06-29 47
5 %t Second cutting 07-04 07-14 07-20 07-27 08-03 30
RFV_DDM(%DM)XDMI(%BW) (0 PETTE 7 A by, ARUBEW E 2K 129.2 mm, HIE 7
1.29 HASFEIAARRE e K, N 76.4% , 34K
DMI( %BW )= 120 (2) Z2INA R Bt 167.9 mm,,ﬂ\:‘:fj/%#ﬁﬁ%m
A = _
NDF(%DM) 38.7 mm, 5% FERER 129.2 mm, I EEFTH IR

DDM( %DM ) = 88.9-0.779xADF (%DM) (3)
K, DDM S48 B a] AL 0 T B, H i o
T 4 A 43 B, B9 DM ; DMI 248 18] 5140
JRBERE R B &, FLRA o HYEE R E A L,
BloeBW , i i R DMI A1 DDM W] 43 51 B
NDF 5 ADF 5455,

(4) HEWE K 3 F 0%, HE W 7K 43 ) 2808
(IWUE ) $5 11 FE B3 8 W /K A8 Wk T 4R 45 0 T 4 S
Fr PRSI ARK (1) R,

IWUE = 0.1 x Y/I (4)
K IWUE HHEMEK A RIURHBOR (kg - m ™) 5V R
i (kg + hm ™) ;7 MEEBE/KE (mm) .
1.5 HEHH
BAEIIHTRFH Excel 2016 D&% SPSS 20.0 #4547,

2 ER550r
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69 mm, FLI LI REREAL BR/D 2 mm, FESE —FERT, Y
SIRETR) BIHE KN 78 mm, b V3 X E 30 mm,
7% T DX 37 34 R K 820 0 60 mm, KT
K5 HEIRAL P2 18 mm,, F3 /TR AR A F I AR
T TEBEAL B ) BT A S B X35 B K R 20 R 129
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Irrigation scheduling of sudangrass during the whole growing stages

®3 AEAK/EBETHAAETESE/ (kg - hm?)

Table 3  The hay yield of sudangrass under different treatments

PR AyIX FEMEALHE Drrigation treatment
Cutting Zone URI VRI
ot 1 5428.39Aa+240.22 5391.92Aa+405.96
First cutting 2 5608.86Aa+320.28 5639.11Aa+331.89
°© 3 5040.24Ab+396.38 4933.22Ab+300.98
T 1 5385.10Ac+602.45 5285.48Ac+388.77
Second cu{tinv 2 5837.05Bb+575.9 6715.83Ab+411.46
° 3 8692.73Aa+973.59 8724.20Aa+244.98
s 1 10813.49Ac+660.42 10677.40Ac+741.68
Annual 2 11445.91Bb+334.42 12354.94Ab+739.58
3 13732.97Aa+843.31 13657.42Aa+181.05

TE : AFUARNG FRACFRAF 43 X HIAE P<0.05 KF |22 5+
B3 RATHARIKE S REAQFR A R b #LE] 7 P<0.05 K |
25 3  URL W SI0EME, VRT S REREE, [l

Note; Different lowercase letters within the same column mean sig-
nificant difference on yield between different zones at P<0.05 level, while
different uppercase letters within the same row mean significant difference
on yield between different irrigation treatments at P<0.05 level. URI-uni-

form rate irrigation, VRI-variable rate irrigation. The same below.

x4 FEALETHAETEERKSFARE (kg m™)
Table 4 The IWUE of sudangrass under different treatments

PR Ay X FEMEALHE Drrigation treatment
Cutting Zone URI VRI
o 1 7.52Aa%0.34 7.09Ab=0.32
! i 2 7.77Baz0.45 9.40Aa+0.48
First cutting
3 6.99Ab+0.55 6.95Ab+0.43
R 1 6.90Ab=0.77 7.34Ac+0.54
WA
Seoond outting 2 7.48Bb=0.74 11.19Ab+0.68
econd cutting 4 11.14Bax1.25 18.18Aa+0.53
PR 1 7.28A¢x0.46 7.26A¢+0.52
Aol 2 7.68Bb+0.23 10.04Ab+0.60
fnua 3 9.22Bax0.56 11.57Aa20.15

B (12.24 kg - m™) B35 5 T3 5K (8. 51
kg - m™) (P<0.05), & T 43.8% e 4, WA i
L AT DA 25 B e M K 0 R IR HLAE T ZR 4
FRRCR B, SR F A0 T 5 R, AR
BRI SR = A W T (H ] i S R T
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VWK AR, X —25 15 Sui 25 75 2
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Feili ) 2 AR S T AR 1 R KRR R A
[V E AL B, 7 B 2 [ RN A LA R I O R, AR i
HEWE AT A R0/ D S R ) - K IR R BN,
T WE K o R R R A S S RE A T AR K42
Tt DRt 2 M S A5 1 T AR i v A BN % A
SRR, DA R THE K 43 R HRCR
23 TEEBRNAHAERRNW
FHLER 1 5 1 -5 AH 0 1) MR (B2 PE A 2 1 2 4]
MR FE AR, — Mk ML (5 5 A X ] i
(R G D05 P 8 S 0
5 4 TORRAL S £ 200 P RO A
2T A IR, B 2R AT IR PR — A AR T
YIadEh 11.84% , 55 3 0 12.20%, 45— [ —
FEEALHE T 3 XA PR A E A S R T E M ER
(P>0.05) . “F B SHEBAAIT 1 KHERH
HREET 23 X(P<0.05), S HEEBAHS 1 X
FHEASELE T 23X, HERS 2 KA REH
XS, 53 XL EEZES; R —0 X, 5%
AR EE AL F N AR S B e T A
R (P<0.05) , &5 L Amik , As X 55 — 3 95 S
AR 1 3 1 T 2 s e, H R 7 BT K Y
T AR R AL T DR S E A S,
£ 6 AHPHE LK BN FAIE T IR PFRIE
AEXT AR MANAEL,  FR 2R AT, I5 P F 55— (4 A X 1]
MR 5 T30 2, PR AE AR X ] MR A X (B 500 R
87.03 5 81.29, X 5 iZ Hb IX 15 f& 1) & T R 2%
LY SE—RERIRR I T U 3 DX AR R X R A
EZEMG & T 53 AP I 5 R S RERAL BT 3
DX M2 T 1.2 X HE RS 2 KA &
FMER(P<0.05), 5 1 K LR EHEES, A RHE
WAL 3 XA AR R M B St T 1.2 KIF
HZES P (P<0.05), H—FENZERHEBEIET )
x5 ARALETHAEEEARE %

Table 5 The crude protein content of sudangrasss

under different treatments

FEIR X HEWEAL P Trrigation treatment

R B R T ] PR A (5 389 5 W R TG dk 2 1k 25 57 (P>
0.05) ;55— FE bR T 1 X, HAR 45 IX P 728 e i W Ak 2
T PR R T R A 2 S T AR R AL BE (P <
0.05) , L& FFrk , AR R EE XA —FE TR P H A AT
T WA (TG 5 35 P 5 T, (LS 7 A R A R I 5 —
AR VEE P LA SR 2.3 DX PN A P A A
TAMEANAE ,  [7] Hsf 25 SR A 3 BH S [) = 398 ot b 2% 52 i)
S IRFF AT I A, FERD R B R 3 X
AEXF ] W 2 1

BRI, TR KIS =, LT
SIVEWE , AR B W R A A B R, S
Cupina 55 BFFE 45 e — 8, X 0T REJE: iR T & B
5 b - SRR S5 A R, A AR TR A RN e,
KRR 1) 1 50 T TR B s A 3R 0 Rk AR
JZ 8, A IR A R B0 X IR PR B R B ) 4
A IS AR o ARG - S R OISR 4
KR B ROR R LR N SRR 1S
TRPHECAT AAT 0 A 3 v g 3 4, DL i A 2
ITE 2t

3 45 i

1)2019 4G5 PFR A A 2R N AR e R E K 129
mm , P 5T AL BT K 13.4% , HLAE —REAR
WEADFE L35 HE MR AL PR 7K 23.1% , FE A2 db 1 X Fh
95 B oK FH AR 0 Y R B 08 S B — 5 1 7 7K Rk 3
HAT KR EEAEPEN S,

2)) Ap E P I P T S R, +
5B RO R e SRR 8 =) [ P o S+
5 DR R B 38 0 S T, B0 b AT AR
ME R E, S¥5RMA L, &5 BT
K DRI FRCRIE R T 17.5% , HAEH —H W Z
PREFROR 2 480 T 43.8%,

3) AR WAL BN 5 — 2E 03 P E AR B ) A
X A WA (VA S P R i), (LR 7R o N A K )
SRR EE B S S R PR LR B A
2N

%6 AEAMETHAZAIMEARME
Table 6 The relative feed value of sudangrass

under different treatments

Cutting Zone URI VRI

12.12Aa+0.45 12.15Aa+2.35
11.72Aa+0.27 11.66Aa+2.29
11.96Aa+2.59 11.45Aa+2.44

—AE

First cutting

12.32Ba+0.69 13.08Aa+0.38
11.31Bb+0.17 12.55Ab+1.22
11.31Bb+0.28 12.64Aab+0.55

L

Second cutting

W =W N =

W ArIX VEWEAL B Trrigation treatment
Cutting Zone URI VRI

- 1 86.69Aa+5.73 87.99Aax5.56
2t = =

85.05Aa+6.16
88.71Aa+1.59

85.23Aax6.15
88.50Aa+4.98

First cutting

W N =W N

— 80.89Aax5.73 80.42Ab+5.91
Seot +{f i 76.40Bb+2.11 81.70Ab+3.01
vecond cuthng 82.27Bax4.07 86.10Aax1.83
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