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The effects of micro-rainwater harvesting pattern and rainfall variability onwater

ecological stoichiometry in oat (Avena sativa L. ) field
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Abstract: Over last two decades, micro-rainwater harvesting technology has been widely used in dryland agricultural
practice, but the effects of the design of this technique and the variability of regional rainfall on the storage, migration and
utilization of rainwater in soil is very rare. Field experiments were conducted using the spring oat (Avena sativa L. )
variety, Dingyou 3 as test material, at Dingxi Agricultural Meterological Experimental Station of Gansu Province in 2009
and 2010. Despite the total rainfall amount for the growing period of oat being basically consistent in 2009 and 2010, there
was a significant difference in the temporal distribution of rainfall in the two growing seasons. In 2009, the rainfall
distribution was similar to the long-term trend in rainfall ( consisting of 33.1% of total rainfall in the first half and 66.9%
in the second half of whole growth period). Conversely, the year 2010 turned to be characterized by “more in the first half
and less in the second half” (accounting for 46.4% and 53.6% of total rainfall of whole growth period, respectively). The
coefficients of variation of rainfall distribution were 1. 0 and 0. 8 in 2009 to 2010, respectively. In this study, eight
treatments of micro-rainwater harvesting were designed, including; (1) the flat bare plot without cultivation ( CK group 1),
(2) flat plot with cultivation ( CK group 2), and (3) six treatments with ridge-furrow and plastic mulch (3 width ratios of

ridge to furrow (2:1, 1:1 and 2:3), and two mulching patterns ( plastic mulch and no mulch). Water storage and
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consumption in the soil profile, water use efficiency and yield-related indicators were collected from all the treatment groups
in both years. The data from the two years showed that the leaf area index, water use efficiency and yield were significantly
higher in the three treatments with film mulching on the ridge than those of other treatments. The patterns of film mulching
on the ridge were found to improve water conversion efficiency from rainwater into soil and crop, and induced a rapid
recovery of the water stored in soil in the later growth period. With respect at the width ratios of ridge to furrow, the
parameters mentioned above were the highest in the treatment groups with 1 :1 width ratios of ridge to furrow in all
treatments. Furthermore, the stored water in the treatments of 1:1 or 2:1 width ratios from ridge to furrow was significantly
greater than that of the 2:3 ratio treatment groups. Importantly, analysis of the performance in the two years with different
temporal variability in rainfall showed that water use efficiency, grain yield and leaf area index of oat were all significantly
higher in 2010 than those in 2009 ( P<0.05), and the total volume of water stored in 0—130 cm soil profile were also
higher in 2010 than 2009. Our results suggest that the “forward transfer" of rainfall distribution was conducive to optimizing
the soil ecological processes in the case of similar total rainfall amount. Our study provides a foundation for future
understanding on the effects of micro-rainwater harvesting pattern and rainfall change on ecological processes of dryland

agriculture, and also provides a new strategy for phenological management in rain-fed farming regions.

Key Words: rainfall variability; micro rainwater-collecting; water ecological process; water use efficiency; oat
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F1 2009—2010 EEFEMEMEFHERER B2
Table 1 Temporal distribution of annual rainfall and growth period rainfall in 2009 and 2010

G EFWIEGY (4 H1S H—6 A 15 H) HEFEWEW(6 A 16 H—8 A 15 H) F%ﬂﬁ£¢

Ay S Early growth st‘age Late growth st:age Rainfall

Year i €315 END) (W S1T) variability

1—2  3—4 56 7—8 /MF 9—10 11—12 13—14 15—16 /Mt ERFRE A

2009 FEME/mm 6.3 42.5 12.0 4.2 65 11.7 1.7 57.9  60.1 131.4 1.0 [FZ41E
%% 3.2 24.7 30 33.1  33.1 6.0 6.8 36.3  66.9  66.9

2010 M i /mm  32.4 0 60.2 6.5 99.1 33 16 14.2 443 107.5 0.8 FHiZED
%% 15.7  15.7  44.8  47.8  47.8  16.1 7.8 6.9 52,2 52.2

i 30a FeFift/mm  10.9  24.4 22,1 20.1  77.5 35.5 31.4 40.8 54.8 162.5 0.4 it R
%% 4.5 14.7 23,9 32,3 323 14.8 13.1 17 67.7  66.7
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hm? , A E0 /N X HEFT 20—30em B BB, [A] B it ARG AR PR 2 270kg/hm’® , R 4R 105ke/hm?® , 33 B iR 45
750 kg/hm® , IRIE L5 8 ASAb L, I3k 3 I A BEALIX 41HES , & Ab BARAD | 2834 T B He AN IECIR B0 L35 2.,
1.4 WEmH
1.4.1 ERFEE
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1.4.2  HHUKSPRBAE AR

K FRE T | AT A S BURE YR 2 130em, Hif 0—10em SH—JZ,10—130cm DL 20em A H6

http ; //www. ecologica. cn



2368 A E = 31 &

AT RAEME . AT AR BEEEEEE R 100em ,0—10e¢m H— /2 ,10—100cm LA 20em Fy#h B FEF7 R AR 2 . AR
T R K | 3K AR A FIFE K & 3 A4 B R bR Xt e K AR AT i, AR TR
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x2 HEKFEREXERIT
Table 2 Model design of micro-rainwater harvesting techniques
281 58 BE LA

fb3 & 5 5 . . BARBI
Ratio of ridge

Fmm

Rainwater-harvesting

Treatments Ridge width/cm Furrow width/em Pattern design

patterns to furrow
it Bare (B) — — — Jo2g Jor s JoFhE
- F — — — Joe ToHE % Rk
+2 NM20 40 20 2:1 78 JoH G i
NM40 40 40 1:1 28 Ji T R
NM60 40 60 2:3 28 Ji i R
fi 2z M20 40 20 2:1 NS
M40 40 40 1:1 78 MR R
M60 40 60 2:3 78 W A

1.4.3 EryE

THEFZ PRL AR 5 /N DX BB, IR T3 17, A AL BRI SCBr = i DA 3 AN EE AR /INX P i P B {E SR AR
1.5 St

SEEHAE R Excel2003 (I F1 SPSS18. 0 #fFHh Y LSD 2 5 H ik L B8k 22 5 1) i 35 1k, &5 Rl R
B 1 4

KA 2 0 A A28 5 REOT AT 2 28 5 R4 =25 5 101 ) g 94 ] o e o 25/ g 79 R0 P o2 S 6 340 1L
2 ZER551
2.1 AS[E AL BRI K B A AR AL

AT B2 0] UL SR A BRI K AR A S R I3 BB, S5 1 B, W I K AT BN B B 5 5
2 BB NS 29 40d 28 90d W] 1K G 2UR R BB B 5 3 BB, I Y K = [ B B

270 250 -
240+ 230 +
£ £
D 24 %
? 210,.,__ g 210 -
g U e} g
g 180F 77 B 190f
o}
< B
Z 150} 3 1ot
3 3
120+ 150 |
90 ‘ ‘ : . : 130 ‘ : : :
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Days after sowing/d Days after sowing/d
E1 2009 £L4FHAERLER I1m R TBEBRPKEETL B2 2010 £ EFHARLEH Im RTBERAKSETL
Fig.1 Dynamics of stored water amount within one-meter soil Fig.2 Dynamics of stored water amount within one-meter soil
depth in treatment groups in 2009 depth in treatment groups in 2010
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M40 F1 M60 AbF 5 by BH I 5 piy it ] DS 22 45042 Gt ) SF- i b AR A X mT DAY 4 T 2 AR FR 7, B B ok +
K,

2.2 REEMEXLEPIFIFERNAERLT 3 SRR H K251

FE 3 R LA Y, 45 TR AR P A AT AR 2R 0—30em T R IE /K B AR fR i A2 ALY, 5 B AL BR
AH HE A 45 A0 BRIE /K B2 38 B 59 00, 76 2009 4E M20 FlI NM20 4b BRIk & 17 71 8 35 85 T ( P<0. 05 ) Hig kb
A AEAR] T 29. 9mm F129. 8mm, MI7E 2010 4FAHXT T B AL F Fl NM20 Ab BRIV /K gl /b | HoA 45 b 2 3
WE ST B AL BRI 3, Hod L M40 Ab BRIV K 38 i 2 2, 35 F) 33. 9mm,, 30—90cm | [fi
VEUIAR FR T4 X AR T B AREE (/K B3N ) AR 45 A0 BRI /K S 7R P AR 1 3R 0 AN [R) AR B A R A1, A
A I g I 2 RS- b A P A £ 28 400 B K 0 1 FE B K, 2010 4F 45 R 46 TR AR 2K 0 TH AR 838 KT 2009 48, 7
90—130cm ] Tf ,2009 445 AL BEFR B AR /D . AT B ALBEIY /K 2 A WA Dl | oA 45 Rk AL BRI
KA 55 R AR T AR TR, S ST R 2 b B e B S, T AE 2010 4F 45 A0 BRI R BOM I K RN, 4542
P 22 1 5l R 2 A4 SE R A A 22 N B 3
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Table 3 Change of stored water amount in the soil profile in different micro-rainfall harvesting patterns in an oat field

4y WEE

Year Soil depth/em B F NM20 NM40 NM60 M20 M40 M60
2009 0—30 12.0c 16.2b 29.8a 21.8b 24.7b 29.9a 23.0b 19.7b
30—90 10. 8a -8.3a -5.4b -0.8¢ -2.3¢ -9.7a -10.4a -12.2a

90—130 -3.2d -12.8a -6.8¢ -8.7b -9.3b -15.4a -12.8a -13.1a

Gt 19.6 -4.9 17.6 12.3 13.1 4.8 -0.2 -5.6
2010 0—30 -2.5e —-17.0be -9.7d 7.8d 6.3d 14.5¢ 33.9a 21.1b
30—90 13.4d -45.4a -31.5b -27.0c¢ -27.5¢ -31.8b -35.3b -36.2b

90—130 21.8b 23.3b 16.7¢ 17.4c 28.8a 17.7¢ 16.0c 18. 8¢

it 32.7 -39.1 -24.5 -1.8 7.6 0.4 14.6 3.7

5 FIRIIK Y 75 i, 1) —AT R [R F R A R A BE ]IS E) 0. 05 /KB 225 (P< 0.05)

2.3 ORI[ANG 2B RS 55 SRV E I AR B I KR 7 i SR 3 R ARG IR 52 ik

N 4 Hra] LS4 AR AR A B R S UL, PR R I AR AR AR AL T S R B - B R b A B A R
W TR 2B Ah B Y 7d W], 76« BRI 19 2010 AE7EORFE LA 22 85 B 00T, 45 A0 B A T 2009 4
PR L2 7d W]

FE WG AN 7] 65 T AR AR YT 25 AR 119 7= B K 20 R P SSCR AN ) 1Y 5 5 T A X0 = i 7K 43
FIFHECRE T 90 B AL T B K 43 R FH AR IR sE e i 5, B 28 40 B iR 3 /& T (P<0. 05 ) 22 F1°F- M Ab 2
1 2009 4EMEZB L) | 4 DNHEARR T 1S N 53. 4% 75% 45.2% F153. 5% 558+ 28590 42. 7% 45.5% .
45% F157.7% . 7E 2010 4EREZELL | 4 DR IR RIAE 4y V- 13 N 35% 66.7% 26.1% F156.3% , #4128
BTN 34.1% 43.7% 43.9% F153.9% , Mi7E PIFPFE RN AR BT + 22 R M ab B0 i 25 5% (P>0.05) . &k
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25 SR TR X P R R I 8 A A TR e S R A < BRI 119 2010 AR AL B L) | 4 S F8 AR B3 5 T 2009
A LA A H AT 2009 AEHKIKIE N 106. 2% \78. 6% 60% F1 27. 1% , + ZEH KGN 92. 8% [ 72. 3% 40%
32.7% ,WEZEMRUR I N 81.2% ,70. 1% 39% H129. 5% . WiFPRE M AR A AR R Hf M40 Kb B 7= 243 Bl iE 3] T
989kg/hm’ Fil 1833. 5 kg/hm’ , 3T =4t 1K 3 FFHRCRAK I N 6. 2kg - mm ™" hm > H1 9. 3kg+mm "+ hm , T4 &
AN 11034. 2kg/hm® F1 15339, 8g/hm? , 5 [ B 3 F + 9 [ & 1) /K 43 A H 8508 4 38 2 T 59. 6
kg-mm™-hm 1 77. Skg-mm™"-hm ™, i F5 4R35 R P AE 45 2 AR 2 e e

R4 FEBEMEXTREFKE FEFMKIFIALELR

Table 4 Comparisons of water consumption, yield and water use efficiency in different micro-rainwater harvesting patterns in an oat field

T #l R Y/ ¥/ ST - WUE WUE
ey f;ifn Wﬁjgiqwm Rzﬁzn sf]{waif; %vi:j z by (Yield) Djy:?f\:_er (Pry matter)
Year I'reatment /mm period /mm supply  consumption /(kg/ b ) /(kg-ljﬂm . /(ke/ b ) /(kg-inm .

/d /mm /mm hm?) hm™2)
2009 B 30 — 180.6 -9.4c 201.2b — — — —
F 30 123a 180.7 5.1d 215.8a 610.2b 2.8d 7043.5¢ 35.0¢
NM20 30 126a 180.6 -17.2b 193.4¢ 654.7b 3.4c¢ 6628.9¢ 30.7¢
NM40 30 124a 194.6 -9.8¢ 214.8a 676.0b 3.3¢ 7423.7¢ 38.4¢
NM60 30 124a 194.6 -27.5a 197. 1¢ 639.9b 3.4c¢ 7102. 4¢ 33.1¢
M20 30 115b 163.8 -8.5¢ 185.3¢ 897.3a 4.8b 9765.2b 49.7b
M40 30 117b 163.8 -3.4d 190. 4¢ 989.0a 5.2a 11034.2a 59.6a
M60 30 117b 163.8 4.6d 198. 4¢ 925.1a 4.7b 9872.7b 51.9b
2010 B 0 — 206. 6 -25.2b 181.4d — — —
F 0 116a 206. 6 46.8a 253.4a 1258. 4c 5.0d 11271.3¢ 44.5¢
NM20 0 118a 206. 6 29.8b 236.4ab  1266. 8¢ 5.4d 8637.3d 36.5¢
NM40 0 115a 206.6 10.5¢ 217. 1c 1155. 6¢ 5.3d 10267.9¢  47.3bc
NM60 0 116a 206. 6 -0.1d 206. 5¢ 1377.9¢ 6.7¢ 10706. 6¢ 51.8b
M20 0 109b 200.5 7.2¢ 207.7¢  1611.2ab 7.8b 12441.5¢ 59.9h
M40 0 111b 206. 4 -8.4c 198.0d 1833.5a 9.3a 15339.8a 77.5a
M60 0 111b 206. 4 2.2d 208.6c  1650. lab 7.9ab  14843.1ab  71.3a

A AR — 7 AR TR R A R AL BRRAE] 0. 05 /K BFZE R (P < 0.05) ; K i —31 515378 ORI In{E

2.4 HHHEAREEEL

MEL 3 FE 4 HA] LUIE 2009 4F 3864 £5 48 I A X i T AR 807 L E A IR T 2010 4F, 2B
AL BT AR B S T 2B AT M AR B NM20 Ab B i 1 R4S BO AR X R A, A R AR TR BE A o g AR
FEELLTE 80—90d oAy (ZAREIN ) IR B A AAE, AT Y 52 28 Ak B - T AR 8 50 i KAB 4300 R 3. 64 FiL4. 03, 12
h2.87 F12.92, KA 3.02 1 3. 5632009 4F i FR38 Kt K AE S BUAS [E] 3 /5 2010 424 10d, M20 A1 M40 4k
PRAE W HA)E 20d PN RS B0 Rk, IR 2010 AR R BN B ), AR 4% R AT B ROl AR L, [
TP R T A A8 ) T A2 3 ol 3R 25 S ) 2 B i PR 02 VR X6 A (] 30 3 T Pl Fg— Rl i
3 #ivHitie

DL U8 DAAS [F] 98 284 I AR 0 %) I o v AR A A R A 4, 108 1 45 S =X iy 7 d 7K 43 R R %
B IKNIEB AAH K AR AL

S i M T T FK S RS 5, A7) 3 2 7 F A W ASE e I X6 7 7 T 2 A 75 (9% i) i
SRR Y PURP R TN AR R R R 2R S T R b A B < RER T AR DL SRR R E S T
Raf TR 73 TRC 5 RATA9 5 W T o ML A7 R 28 %) (AR v 1 SR R O A4, 2 IO ) 79 o o ok 2 A P AR AR X
K HHZEMR SERE LA 121 19 M40 BB LKA ™ i | T 0t i R K S R334 S W AT B s, FH L AT LA A7 4R °N
R M40 Kb B — 7 S X 30 98 A o T 22 A A TR B A R i RS s AR S rp ARG T 1 ) L R [ T AR A AT
AResE AR TR B 4w R SR AR DX R R AR (0 4 a5, A J5 R 75 10 AN (] 63 W A8 A0 T SR 4l X AR 52 i)
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Fig.3 Dynamics of leaf area index among treatment groups in 2009 Fig.4 Dynamics of leaf area index among treatment groups in 2010

K (R - HOK-VEYIK) 76 PR R TR AR AR RN (IR A R X ARG K oy sl A A B E 2 1EH
R I A B IR R IS 0 BC , XV 4 7 e R R 18 K 22 8] 14 2 i 1) o6 28 ke 30 o B P D, 70 A R A o R
SRR X R T 118 ) SR S B S 3 AR A R B, 6 - K i R e 2 B S s s/ ik A, i
FEREM AR R I AT 2 05 /07 AR ISR AR R S fm IR . AR SRR ) BRZE 02 M20 i
M40 Ab 38 H T3 4 25 A AR WO M2 | FLAE A B B 8 R R K %) R R AR 6 T - 28 FF b 2 5 | IF 2
H T R 28 AR TR 0 S AR O s (A LA K B R 80 B e, TP AT R, pl 7 < B TR AT A8 AR AR VR K
A3 R R 5 TR TR AR RLARAy T LA S X 86 TR R = 97K ) S A ) S5 vy R R AR A R0

SRS R T 9K o AR BB 0—30cem FI I /K & LIS 0k 3, 76 2009 4 FEmAR T, 22814
Fboh 201 AR AE K BE 00T 101 FN 223 #EC 7E 2010 SRR M AR A “ T2 J5 207 4F 2890 b R 101 B AR K
RE 1T 201 1 2:3 Ak, Hovfn 5 2 b B 0 /i R 496 8 T T LA AR T4 90—130cm 1) T 7 19 ol o T
AT RN AR AR S A5 2009 AFFRI AR S8  HRAERE RN AR AL < /i 2 J5 /0 19 2010 4R35
IR ATHE N33O0 T R R 45T R R B B S TE 30—90cm FJ T, 1 Mt Ak FHAE I A TR AR A R R
T K A THFERS iR, T AR RN A 0 A “ T 22 )5 207 19 2010 - R Bl o 3, T IR 3 T 45, 4mm, A28
A ZE R THFEINEE 1 2 /N TP M, F AT DL A AR S P VR A B 224 A 30 T 2 5 28 Ab 31 AT AT A 44
KR R A A R HOK D04 K AR 25 s (Rt 7 v B B 2 4 T2 2 B+ K B T AR R F B B, X
FES 2 A0b B M B AN I T R B0 2 i T A LA AR B T I TR RV 4 1 2 AR ZR 43 A A I ] TR AT 0%, PR
T8 22 1 AR AR SRR T 3K R G R W R, P AEME YRR L 2 v] BB BIAE S 8™ fE I, it 2 1
28 b AR AR T R i B, U R TERE AR A SR B BT 2 )5 D7 AR A BRI T 4 0k 7w R R
I RS 2T 30—90cm T K A M K AT FE , At T LAGE 3 R FHARHE SR R S ik B+
IKGr SR A IR ) T RE S R | [] Ao o 3 22 b B A W AR OE | mT RS e e e K

WFGT R Al 2 70 b B B RN R AR R AR T B 0348 . #ERE I B AT 1) 2009 4FH12010 4F, f1 T 2010
AEAE B AR K AT A, 5 R ST — RANEBON , XA AR A A ROk A S R e, Rl
Ry A RN ASE R R AR X0 52 A P K AR A PR A S ma o St 1 e =R, SR R SRl DX A i XS 3R
PRUEHT A EETE ) . AH G T i AR S RS TRIR AR
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