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Analyzing the impact of irrigation quantity on biomass and water use efficiency of
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Abstract: The construction of artificial grassland is the necessary way to alleviate pressures on the grassland in Inner
Mongolia. Water shortage is the major limiting factor for grass growth in artificial grassland in this region. Suitable irrigation
quantity is the key to solve the problem of water shortage by both increasing grass yield and saving water. In this study, we
selected two local typical grasses Agropyron cristatum and Medicago satival, and conducted irrigation experiments with single
sowing and mixture sowing of the two. Then comparative analyses were explored on biomass, photosynthesis and water use
efficiency of the two grasses under different irrigation schemes. The results show that: (1) The mixture sowing of
leguminous herbage and gramineous herbage is helpful to enhance the yields of the two plants.; (2) Squaring period in the
early August is the best season for the harvesting of Agropyron cristatum and Medicago satival., when the yields of the
grasses are the highest; (3) Treatment 3, of which the irrigation quantity is up to 45% of the field capacity, the amount of

water recharge per unit (including precipitation and irrigation) is 903.8 m’/hm” in early July and 1812.4 m’/hm? in earl
ge p g P p: 8 y y y

BEETA : ER AR R R (973 1140 #8 (2014CB138803 ) 3 FEIZE |- " BHE SCHE H #1485 (201 1BACO7BO1)
Wo#s B #1:2013-12-02; W45t A B # :2014-08- 13
* MIRVEH Corresponding author.E-mail ; tianyuhong@ bnu.edu.cn

http ://www.ecologica.cn



3226 JAE = 35 %

August, is the best water treatment choice for both grass yields increase and water-saving; (4) Rain-fed condition or
irrigating a little water ( treatment 3) is effective to increase long-term water use efficiency ( WUEL) of the grasses from
June to August. Irrigating more water (treatments 1 and 2) started to affect WUEL only after entering the flowering stage of
the grasses; (5) Rain-fed condition or irrigating a little water is effective to increase grass leaf instantaneous water use
efficiency (WUEI) in early August. However, because of intensive sunlight, water evaporation is high and it is more

effective to increase WUEI by irrigating more water in early July.
Key Words: artificial grassland; yield; photosynthesis; water use efficiency; irrigation quantity

KGR 2 R DO TR A R rp A A KR SCRER 29 IR R AR AT AR ZE e rh T X 4
LI A o AL, ALK T AR A e s T S BB A R TP S R X R K D K B R
X N T Mg R 105 24 ) AP oK T S8 ik T4 i A0 )= B MK e R TSR B G T B, AW MDA 2 BRI
VORI AT B R AR . e SR R ALY A 7= A i e £ BN R, BOR DL S R — K i )
AN B 1 R AR I A R ) 5 IR AR B T A SR 2 X CHEA T 0 902 43 3458 I 385
AL A A FIAI A 2 B

Hip N TR 1 7 ) R B M A TR R, AT TR B 0 N T ™ e OG5 PR RERIK 23 1) FH AR 52 i 1Y
Bl o NI AR R S A BN [ HE B 2 () S84 A (KK S RO A K R B2 R A%, [ 2
B AN K HE XA 7 i RO M B 52 W 1 B 5 28 B 1 0 G T T AR VR A i h g 1 NA2 T KA
A T HAAH DGR 7 22 X 0y X (TR E PRV I G ) o R AR i AR S R RCR R s
R IE R R K G R R AR A R [ AR S HCRE K 43RO IR K R B0 22 5 AT it A
AIFIFER Z THFEK FRACRIK A3 RO 2 57 0 45 (B S oy A A N T o B A0 8 7™ 7K 14 e
AR i RN K B3

ORI S N T 3 B VKR AN ZE A e e T 7K B B AR A AR, ASBIF 5T JRAN[R] £
KA T PR B4 B LD TR BB D0 A i D58 BRI (R SRR ) JK 23 A IR (WUET) 1
KA CRAE T RUEE ) 7K 23 R HIALAR (WUEL) B PR ES , SR i b K T 58, LU by 2 fifp 24 b /K B 05 etk
IR T B D N T M ) ] R 88 R e B AR

1 WREHER

WFFE XA T N S i RIS AR T A N S8 Ko BB A S i Ji i, %X g TR i TR K
Bt 2 KU, 42232 58 e TR s i, J€98 T 2z = KU IRV, AR 1.7 °C AR 3R K
300 mm, FEPTE 6—9 F ,4F H HRHE] 2877 h, XK 3.5 m/s M 1 X DATEAS 4 Sy 3= T LR e U 5
TR ST AR O B P R R R BRI B A VKR SR R R ILRR A Y A
Wy

2 R

ABFFEAGE IR T 2012 4F 5 AP AT, 6 H 9 H M SRIKAE ARG 58 H 7 SRR KR+ A H 7
TRAE = AP T 30, AR B T B Y A KAR BIE MO AR Y5 AR BEAT , X B A Al 7 S AT 4 FpAd
L% 3 ANESE, IE 48 B, AR BT BT RE LAY T IRl K = (O 27.29%) , B 4 D ANKES B 394
PEBCN TR, AboK Ab 42 HEE FH (A1 R5 K et 1Y) 85% 115 47K Ak B 4 it FH ) 457 7K 8 ) 65% 1 5 A b /K Ak B =
F IR B KA 4597 5 AL PR R SRR R, BE/K IR R PR AR R Y 3 AR OCHE IR (5 H R A)) 7
BE (6 A M AD) MmN (7 H M) o A OA PRAIEHCR A R IR 1R 5 4 —Be e K, B K i T TRl R5 K
1 85% o BLJE PIASIS I A DE A % R KBS BEBEE , AhK LR 1,

http ; //www.ecologica.cn



10 4] EMFH A AN RIS A St N T S R R R A GRS R 3227

EE LI A KB s A 17 B GREN) 6 A 4 H(S8EN) 7 A 1 B (BN 8 A 9 B (B 19
A9 FCOIENT)'S AN A AT , A BE0R . -y kb ik 75 3 0, SR R OK R it (MR
BT b4 SR AR A ) L 1, (R P Li-6400 957t 28 S 2 X0 A A B — o 9 45 030
Je G EREREAR LG A (P, wmol CO, m™ ™) ZEREHA (T, ;molm™ s™") 45 WE M [A] g 6:00—18:00,
TR 20 PE UK, AEA DI 5 3 AN AR N T A 0 2 RSE OB R AR WUEL = P/
T, AR WUEL, B WUEL U RO AR 5

WUEL = W py:/ET
SR W gy SRR KRR U TR (ke/h®) | BT AHORAERE— A K2R (),
TRVt
ET = P+I+0S
2P, PRI VR fk () 3 by AR K it ) 508 S 200 3005 00 A9 301 - 03 K 23 ik
(mm) 229, 55 1 ST K 53 O s AT IR | R B+

x1 SN KERBAENZKE

Table 1 Irrigation amount of different phases and gross irrigation amount

AkHt HorE Ak et et T B Fk
Irrigation Time Irrigation Scheme Irngan(;n An;uunt/ Survey Time Precipitation/mm Gross Im§atlon2
(m’/hm*) amount/ ( m”>/hm*)
2013-05-18 KA 3 — 142.9 2013-06-04 13.21 275
R #hkAbEE 142.9 S HER 13.21 275
KA = 142.9 13.21 275
I FRAL 3 142.9 13.21 275
2013-06-23 oK AL — 528.5 2013-07-01 59.18 1263.2
SrEE K Ab 298.9 Eitipis 59.18 1033.6
KA = 169.1 59.18 903.8
R SR 4b 2 0 59.18 734.7
2013-07-28 K b — 324 2013-08-09 135.89 2354.3
EiiEEt] K AbEE 232.7 U ] 135.89 2033.4
Rk Ak = 141.5 135.89 1812.4
R FRAL 2 0 135.89 1501.8
3 HRER
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Fig.1 Grass biomass in different periods under different irrigation schemes
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Table 2 Results of variance analysis of different forage under different sowing patterns
a = 0.05 [ FH Subset of alpha = 0.05

wH FOKAREE Ak HKIRE= AL
Planting patterns Treatment 1 Treatment 2 Treatment 3 Treatment 4
1 2 1 2 1 2 1 2
1 3 89.85 87.86 115.45 84.78
2 3 136.21 136.21 109.62 170.26 170.26 102.69
3 3 148.98 173.65 258.98 151.71
Sig. 0.09 0.60 0.43 1.00 0.27 0.09 0.37 1.00
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Fig.2 Grass biomass increment in different periods under different irrigation schemes
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Table 3 Daily mean values of grass Pn, Tr, WUEI in different periods under different irrigation schemes

bty EIQERS[IED) MR (HH) WUEI( H#{)
WO 4 B Akt Photosynthesis Trmmol/ WUEL/
Forage name Irrigation patterns (Pn/pmolCO, m™?s™") (Tr/mol m™s™") (molCO, mmolH,07")
TH1H 8HO9H 7H1H 8H9H TH1H 8H9H
AR UK APk AL 3 — 11.10 4.34 2.84 1.91 3.81 2.26
Single sowing of oK Ab 3 11.72 3.03 2.20 1.52 5.31 2.23
Agropyron cristatum K AL 3R = 10.69 3.80 3.02 1.69 4.03 2.25
I FRAb 2 8.68 3.44 3.17 1.45 2.73 2.48
BRR AL BT KAk — 8.22 5.31 2.25 2.39 3.90 2.22
Single sowing of kAL — 12.97 3.86 2.17 1.84 5.97 2.10
Medicago sativa L K AbFE = 10.21 4.09 1.96 1.66 5.09 2.45
R SR 4b 2 10.15 3.26 2.67 1.74 3.79 1.86
TRRFUKE Kb FE— 11.45 3.68 3.32 1.88 3.44 1.94
Agropyron cristatum of ok Ab = 11.39 2.52 2.24 1.50 5.07 1.58
Mixture sowing AR AL FE = 8.42 3.17 1.92 1.33 4.04 2.37
[ER1SE 8.13 2.14 3.00 1.10 2.70 1.94
IRIE AL E T K AbFE— 12.28 5.80 2.36 2.91 5.17 1.99
Medicago sativa 1. Fhokab = 10.47 4.03 1.86 2.04 5.78 1.97
of mixture sowing oK A2 = 12.48 2.98 2.31 1.52 5.49 1.94
e S 9.43 2.67 2.88 1.38 3.27 1.93
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Duncan Z# [WHIT 220 &L (K 4) 7EREKFH 0.05 BIIFLL T , X TIKE AL E T, it e Bk
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Table 4 Variance analysis of grass Pn, Tr and WUEI of different treatment in different periods

) a= 0.05 75
AR N AR R AR TR
Irrigation scheme
7H 8 A 7H 8 A 7H 8 H 7H 8 H
Pn
1 7 11.67 4.34 11.63 5.31 11.45 3.72 11.09 5.80
2 7 11.72 3.17 12.97 3.86 11.39 2.62 12.78 4.03
3 7 11.80 3.80 10.64 4.09 8.50 3.17 12.81 2.98
4 7 8.68 3.65 10.15 3.26 8.13 2.38 9.43 2.89
Sig. 0.40 0.30 0.50 0.08 0.38 0.22 0.45 0.05
Tr
1 7 3.81 1.91 3.90 2.39 3.44 1.88 5.17 2.91
2 7 5.31 1.52 5.97 1.84 5.07 1.50 5.78 2.04
3 7 4.03 1.69 5.09 1.66 4.04 1.33 5.49 1.52
4 7 2.73 1.45 3.79 1.74 2.70 1.10 3.27 1.38
Sig. 0.22 0.30 0.10 0.12 0.12 0.13 0.06 0.05
WUEI
1 7 3.16 2.83 3.11 2.46 3.24 2.33 2.07 2.24
2 7 2.29 2.28 2.27 2.31 2.55 1.99 1.93 2.16
3 7 2.85 2.38 2.03 2.70 2.23 2.84 2.23 2.17
4 7 3.11 2.67 2.61 2.40 2.97 1.99 2.63 2.15
Sig. 0.34 0.47 0.20 0.67 0.17 0.41 0.28 0.90

#hoKT7FE 1 ARRAMK AL B — 2 AUFRAPR AL B 3 fURAM K AR BE = 4 IR IR s V W REAE BB PEBER T 0.05 B 3%
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AHEL , AR AR = 7 HRR S 00 1 2B K IE ZR Bl A0 L ™= S 3 0 157.529% , WUEL 3411 59.54% ; #h /K b ¥ = £ 1R
FEEE 40 7 + UK AR K ZR R RS 108.01% , WUEL B4 11 36.20% ; 11 % T 4% vk B A 108, | 76 0 1)
AR ZEAT, 3 A K AL ERIS RE 25 4R O R PR WUEL, 77K %5 5 SR ICRM KR AR B =R 4, BRI,
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Fig.3 Grass WUEL in different periods under different irrigation schemes
x5 AREERENKAESFEFHRAEMELLEF WUEL 1089t 5
Table 5 Increase proportion of yield and WUEL of different treatment compared with treatment 4 in different periods
» HokorR P A WUEL i1t 31
HOHLA B Trrigation Increase proportion of yield/% Increase proportion of WUEL/%
Forage name
patterns 6—7 H 6—8 H 6—9 H 6—7 H 6—8 H 6—9 H
LS Sk *oKAEFE—  46.61 26.06 -114.07 -12.30 -5.14 635.00
Single sowing of kb EE— 89.84 32.31 -5.84 -9.29 -9.72 84.26
Medicago sativa L KA R = 36.54 157.52 -11.81 -20.64 59.54 -10.02
BAREUKEE AR b B — 21.90 -26.56 776.63 -39.11 -48.35 263.89
Single sowing of Kb R 67.49 -27.80 463.76 -1.19 -40.28 172.94
Agropyron cristatum A AL FE = 94.03 18.33 584.51 18.18 -10.26 146.23
RABHALE G + VK FhKALEE—  -62.85 -27.97 -1930.76 -57.07 -42.09 24.08
Mixture sowing of Medicago sativa L AR AR PR 52.00 35.48 1078.01 -34.09 -20.25 -16.42
and Agropyron cristatum KA HE = 51.94 108.01 414.34 -15.93 36.20 -15.80

W, R TT LA AR AR SEWK | R A0 B T, (0 A B R R AT FEARIR S T R B, 8 T 0y UK R 4%
FEEE TR T K 3 30 T #93E RERE T, B LIS HIAN R Z2 K, 08— K (9 WUEL 2{H A WUEL ¥ U85
o T 7 A A7 2 M F A R B IS, EOR BGRB8 A RE R, el A5 A ) 7K 0 DR A7 SRS (G s 7K o
THAER AL = WUEL) 2k 25 13@ NP, DY 5 ZU A 26 S ad RE T AE I BRI 7K 0, TRl 5 HOA FE A Y
BT T 30 K G R s 4 0 R A 7 H ISR EURS  BOR Y WUEL H 598 — e #hk b 28
T, (AR WUEL 72 7 H AR KIR A2 K 70 W30 532 W, A< 98 J2: 76 TR 57 kb /K A B8 = f) 47 0 R %0

N
=]

=)
B 7] o

AWETIRAERIR T Z5 AT TR, 4% 5 57 i XN Tt A ) B Rl 38 AR 7 Ak A
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