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Ecological process of water transformation in furrow and ridge mulching system

in oat field under extreme drought scenario
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Abstract: Extreme arid climate plays a critical role in affecting farmland hydrological process and crop yield in semiarid
rainfed agricultural area. However, relevant field studies on this issue are not enough documented and the related solution to

this issue is so far not well defined. Since 1990s, micro-field rain-harvesting farming technology has been developed and
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extended to a large area in semiarid Loess Plateau of northwest China, however, its functional role as a solution to cope with
extreme climate change is not well recognized. In this study, we designed a two-year field experiment to address the issues
of field water productivity and hydrological processes by applying ridge and furrow system under the condition of extreme
weather. Oat cultivar, Bayou 3 was used as research material in this study. Field experiment was conducted at the Arid
Meteorology and Ecological Experimental Station, Lanzhou Institute of Arid Meteorology of China Meteorological
Administration ( Dingxi County, Gansu Province) in both years of 2010 and 2011, respectively. Five farming treatments
including micro-field rain-harvesting mulching technology were designed as follows: control with full irrigation, flat
planting, furrow and ridge without mulching planting, furrow and ridge with film mulching planting and bare field without
irrigation, respectively. Some critical parameters were systematically measured and recorded including rainfall amount, soil
moisture in 0—140cm soil profile, crop growth and yield formation during whole growth period. Least significant difference
(LSD) was used to detect mean differences between treatments ( P<0.05). The results showed that year 2010 and 2011
belonged to two extreme climate types, i.e. phased extreme drought and whole extreme drought within the growth period. For
both years, extreme drought climate led to “dried soil layer” phenomenon in the soil profile of 60—100cm in all treatment
groups. However, the treatment of ridge and furrow with plastic mulching ( RFM) was observed to have a significantly
positive effect on mitigating the occurrence of “dried soil layer”. The RFM treatment resulted in a significant overall upturn
in water storage amount in soil bulk at the harvesting period, with the increases in soil water storage by 41.2 mm in 2010
and 22.4 mm in 2011 in comparison with that of control group, respectively. In addition, water use efficiency and water
productivity of RFM treatment were increased by 1.7 kg-hm ™ mm™" and 0.4 kg+hm ™ mm™" in 2010 and 6.5 kg+hm™ mm™'
and 9.8 kg-hm ™ mm™" in 2011 in comparison with those of control group respectively. The performance of RFM treatment
was significantly superior to that of other treatments. It showed that RFM technology significantly enhanced the
transformation efficiency from natural rainwater to soil water and crop water. On the other hand, above-ground biomass in
RFM group was declined by 30.5% in 2010 and 67.42% in 2011 compared to that of control group, but the harvest index of
RFM group was increased by 33.4% in 2010 and 55.6% in 2011 in comparison with that of control group, respectively.
Furthermore , RFM treatment played a positive role in optimizing architecture traits of spike, increasing seed weight, kernels
per spike and grain weight per spike. Our study indicated that the RFM system can optimize water resources distribution,
mitigate temporal and spatial contradiction between water supply and water demand for oat crop production, and transform
more photosynthates from vegetative growth to reproductive growth. In conclusion, the RFM system displayed great potential
to relieve the occurrence of dry soil layer and improve water field productivity in rainfed oat field in 2010 and 2011. Tt can
be argued that the RFM system could serve as an important ecological strategy in response to extreme climate events and

improve food security in arid region.

Key Words: exireme climate; ridge and furrow with film mulching ( RFPM) ; soil moisture; ecological processes; Oat
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Fig.3 The germination rate of oat under different treatments

ANTR) S FR N R AL B ] 3% 3] 0.05 7K i 35 2% 5 (P<0.05)

2.3 ZBUARIEX eAE E WA Y AR A R
P SRR A R R
WS MAR TR RZER ., EFEkm T
B4 2010 AR5 AL BRAR (L FBH A0 FE FP RF M5 BEHA
THE—EAA T TR E, B B # TG T R, 246 R
J5 90 d ZEA P IRAR A, TR, 2 BB R AR AL
AbFE REM 35 B R (14 B [E] AR X 30 5 JLR . Wk
1] RFM \RF \FP S8k 95153518 3.61.2.65 g.2.82
g, R BEAR W AR T 21.22% ,42.01% . 38.29% , {H.
FEALFE RFM WL T RFOFP, 23 9 He HidR 7 1
26.59% .21.88%, HM\4EF Wik - T9 A8 k]
DIFH], A0 HE RFM 35 31 05 (5 BT 75 ZE 0 [ A K, )

WA A 8 TR R 1 R L 1 e B S48 T mT B
(E4), X CK PRk, A YEk
A A, e E IO TR A 2011 4F,
AbFE RFM A4 i ORI s bk b b T ik 21 T
28.36 g, AL FE CK . RF . FP 43 W42 T 83.83% .
64. 17% .68.97% , H.T T 4 2R 04 {F 14 i 8] #R o 5
2010 4FEAALBR | WAL ER RF FP i1 F7K 405 B S
TR e, B B (K 4) . 2011 SE A F
IR G377 et R BT B 43 LR AT BE 1) B AR B i R
R REOCETR R E IR E IR L], 4R
B R RL = i, DN AT A 4 Y AR Ak AT DL
FEAE BRI, 700 T Ak B ) A e R R B T
BALER, HANEE FP RF 7£ 95 d Z i 2010 A KAk
AT 2011 4, {H 2011 4548 7 5 10945 Ab 21 26 80
TR B AME RN, T AL HE RFFP, RFM Xt A4
HEAMEARRAT T 10 d Z2 47 AsdE]
2.4 ZEVRARIE XIS b B R S

P e AR AR T A A7 i ) R R AN
TUERR B BEME T 519 2010 4F | &40 B R 2543 BEBL
Hh, BARSRIL G0 A A3 RFM 340 B4 FP
RF A B &M B CK LR EWAZS,
RFM \RF CK (FEEE R B0 SRk E | T
P FP & T 23.5% . 1.7% . 27. 2% . — 4. T%;
-5.3% .~23.6% .0, —4.1%; 25.5% .1.5% .36.3%
4.1%, 4b ¥ RF EbXF B CK AR IKBEMR T 5.3% .
23.6% .0 4.1%, 57 BERLAS AL B Z (A A I 35 M 22
53X AT BE S G AT - K A XA WAL BE CK
FaAEEMIAT T 780, A 3 BERU H e b
PRI T 25, 2011 424 B T 5 0
HET A F REM AR — 25 W, DL E 4 3
AR F 4B FP R T 58.9% ., 130. 6%
475% .5. 1%; b RF 23l 48 & 17 - 9.4% ., 6. 4% .
50.0% 2.6% ., 1ii 2011 4E4b38 RFM A9 23 BE 5 F A
WO EERU CK RF FP A B 522 5 1AL B RF
FP 5 CK Z B [RIFEAA A B B PE 22 52 (6 2) . AR
A3 RFM R BLR AL 3ETT 7, 2011 AEFE7K 53 FR ]
T B R T U B R | S ok 7 I
7R R A 2010 AR 43R R T 0.6 £ 5.1 1%
XA AT RS 2011 4F i AR AYIE &L T, AL 3 RFM
7 b 5 0 R ZH A B A 32 B R RS i ) SR A
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Fig.4 The dynamic of biomass per plant under different treatments during oat different growing season

FEB BEYE 54 2010 47, BIrA Ak #1072 i A
Yty T 8 Wi T 5 2011 48, CK # F2E
Pt B BT 20102011 4E4 403, X 15 45
FEaLE M HHK 5 R RN, 7 iR 2010
AEALHE RFM Ab, PRAFE L & A BT CK (% 2)
HAb ¥ RFM 7= & 4 1833.5 kg/hm?, # CK 25
4.6%, BrBNETSA0 2010 4F RFM AR BEEE CK W3k
EBOFRA W, A AR B WA TR 2011
WCK B ERAET 55 6%, &4 F WS T 52

2011 4%, AbHE RFM (7= 2 KARE 5 T 1360 kg/hm?,
M RE 35 A e b5 A5 X 78 A ity 1 52 4 0 A X AL G2 1
FHERG T BEDZBR S T = m b R R R, I
I AW B CK ¥ 583 5 T AR &AL B, 2011
AEA AR FEA Y IR T 2010 AR5 AL B (U AE
SR E I TR 2011 AR RFM 25 A0 5 T4b
B RF FP, JSEEY R T, (B 5 I 5 A A
(R R IR R AT, 3K FT i 2 78 Mo 28 V) R B A PR 17 1 18
IR Ay FH 1 = s S 7

R2 TRSEBEMHKRETERTEMME TN

Table 2 The effect of different treatments on oat yield and yield components

\ . e CEERRIE TRE MLAYRE e hn
Bl /N HE K o . .
N LYEERL ﬁxj{ﬁ*;& AR R *ig& Grain Thousand Above- il is eI FohE
b3 A0 . Available . Grain . .
- Tiller . Spikelet weight seed ground Yield Harvest Increase
Treatment Year tillers number . R . N . .
number numbers . per spike weight biomass  /(kg/hm?) index yield
number per spike )
/g /g /(kg/hm?) /%
CK 2010 2.10a 1.23a 47.6a 101.2a 1.60a 15.9ac 22090.0a  1752.9a 0.08 0
Fp 2010 2.40a 1.00a 35.3b 99.5a 1.1b 14.6b 11271.3b  1258.4b 0.11 -28.2
2011 5.53b 2.00b 38.2b 72.1b 1.6a 15.5a 972.0c 426.1c 0.44 -75.6
RF 2010 1.63a 1.33a 33.4b 76.0b 1.1b 14.0b 10267.9b  1155.6b 0.11 -34.1
2011 5.33b 2.63b 34.6b 76.7b 2.4c 15.9a 1143.4¢ 446.2¢ 0.39 -74.6
RFM 2010 1.90a 1.00a 443a 101.0a 1.5a 15.2a 15339.8d  1833.5d 0.12 4.6
2011 8.87¢ 5.47d 60.7d 166.3¢ 9.2d 16.3¢ 7197.7¢ 1360.6e 0.18 -22.4

[l —31 R [R) A3 e n AN IRl AR L) A 5] 0.05 7K 3% 22 5% (P < 0.05)
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2.5 ZEVRARIE XTI - HEK A ARk S e

WK e oK B S Bk T AR AE A A I -
A THI K A3 B BCIR L, 76 PR A iy T S 2 B4R Afy
P KB FEA L 40—60 em 45 55, L 0—140 cm
T KA R VT IE AR R, 20102011 44k
JHZH RFM RF, FP .BF 0—60 cm #f1E)2 1388 Kk &2
35k 21.8% 16.7% 11.5% 16.3% ;14.1% .14.9% |
14.7% 16.4% ;CK K 14.65% ., H.+IEK/rFfffl k&
HEAE 40—60 em FITH A, 3 2 12 50 s 2 I 2 IE B
TEEET )R, AN EE BF £E S KEIA -, 60
em DL 4 18 oK 5 20 18] A, B AE 80—140 em
RFM \RF, FP  BF 4bBf 4 3% K590 0 13.5% |
15.2% 14.4% 16.8% 313.2% . 14.4% 13.5% .14.0% ,
CK 4 14.3% , /] LI 8L, Ab B RFM 5 7K i e 1K, iX

A BT A FRAE ) A K e B i R I A I R 2

IKATTHFER TR, &k AR R S iE— 2 IR 2
oK iz, LB AR Y 25 A B Boxd K 43 1
K, ANEE BF K AHAE B ZE R, L K &
FEGT 5 FH B AR B, 2010 4FHE4S 0—140 om 1) T 3
ALAEFFTE 15% 647 (- 5) |, JLT I B 4 A 724k, 2011
4E BF P2 E/KEMLT RF.CK, & T RFM FP, {35k
WG V A B S R BT 80 em A 4L, H W
ARSI, 120 em DA HIT 560K 45), JLTF-R2Z
HHVERY 20, PI4EALTE RFM RF . FP  BF B & /K&
4351k 16.3% 17.1% 17.5% 17.1%314.7% 15.1% .
14.7% 15.1% , BB Be o T 5 19 2010 425 T
S B W TR0 2011 4,

347k & Soil water content/%
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Fig.5 The dynamic of soil water content with soil depth changes under different treatments during mature stage

2.6 ZEIARSEN A tE T I TR AR
FEB Bt G T 51 2010 4, HHEFOK A 4

AEWIRARALZD) T 3 A FEAYE R, AT 40 d WA
BN J AR SRR (E T AR BT R, M AE 70 d 72
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A KAy X — RSB A T, X T RE R AR X A B By
B K B A 8 S VR R K 75 0K, 1 DATE S 301 1)
A K BRI B, FETF IR B, AP RFM 2L
W& = T RF Fl CK, Bl J5 FF 4R T % X 5 HAEY A K HE
S RF AR ) R T R G, T AR R 0 B Mk = B B, A
FHREM ] LB AT R0 He R W 2 Ak 38K Pk
B T e AR B, H R B BF>RFM>RF>CK>FP
(E5), dE—0N 5 T 4B REM kR 55 7 =0t
HOK SRR OE S, bR T ICRE, B R ZTE
TR B B2 B2 LS Ah | LI K e FE AR, AR
HERFTE 210 mm 2247, NSZAVEY)AE K K 43 1) 3= 8 )8
e, AT I T 50 2011 AR5 S A BRA T T
PSS AL I BE , WITHAE) 90 d 224 [ B, Bt 31
WA B [ B B, A 3 REM AR e — B 4L 3]

“Ffi (FP)

240 -

—0—20104¢
—8—20114¢
X CK

220

200 |

180 |

160 |

140 -

T 100 d Z247 , 760G 80 d 2L BF Al FP, MAERE S5
[ 90—100 d 2245 4bFE FP /K 23 IT 4if G248 [l 7, 1iij Ak
B RF RFM £ %5 8 if (8] 9 PR b 30T 200 R BBy
B, WIFIR 200 mm 2247 ELRER) 135 mm( &1 5) S48
R 4332 25 (1 FE VRS2 AH R T 1T — B B xt 7K
Sy It BETEFE N A R B b 4, S B0k
Ja K BT HE AR, AU F % BF>FP>
RF> CK> RFM,, 7EPI W S S AU 50 B
FAXF A 2010 4F | 4540 BEAE 35 3 A0 349 07K 3
T 2011 4F | i 289 A0 B RF RFM 78 2E 5 5 K
FFEAE R T 2010 4E4LBE RFM 100 d DS IE /K &
IKF]T 171.4 mm, # RF FP 439425 7 4.3 mm,
30.5 mm,2011 4F RF WK &4 195.4 mm, B H 4k
PRI o
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Fig.6 The dynamic of stored water amount within one-meter soil depth under different treatments

2.7 BIFRIEEY AT FEK & KSR AL
B KA TR
TEWY Btk il o T 5219 2010 4F, 4038 FP A= F
B TALEL REM 24— J&] 4 s (8], 1 78 40 W 8 Ak 1
CK A FMmRK, B8 T 119 d, X 5K 7L

Be T HESIRK B A ¢, a4 B Biikom + 519 2011
AR5 A BRI ARG T 2010 AR 4E)S T 25 d
ek (£23), 2010 4540 B+ HERE K #:4 FP>CK>
RF>RFM, A FE REM K T H B Ab 38 T 7E 24 7 Wk
vty 5 2011 AEA5 G AH B, b3 RFM T HAE A )
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EEGHR, FEOT N K B AR AR #EK
HEE . 2010 4EANFE REM 7K 43 ) FH 2502 45 0 B 4
T 22.4%; 44 F WA s T 50 2011 48 4b B
RFM 7K 3 FI R IA S T 14.1 kg mm ™'~ hm ™, &%
W8 CK #2557 85.5%, H It 2010 4F4R 5 T 34.2%, 1M
PIAEAL B RF FFP K 43 R HRCR 73 5 R 5.3.5.0;
5.7.5.0 kg - mm™' - hm™ ¥ 8 #F X F CK {H

7.6 kg-mm™“hm™?, BB T R A 2010 4
JEEAE 3R REM K H Y K A2 72 0 i 3 Pk T CK, Ak
L RF FP W8T CK, 4B & Mtkus T 54 2011
A AbFE RFM 7K 0 RS0 K AR 7= ¥ 8 3
THEA R, JEHAKA T3k %) T 18.3 kg mm ™'
hm ™, FEXHIE CK 325 T 53.6% (3£ 3) ,[HAL PR RF
HFP 2T A

#3 AEAETHREXRHIERKE KRIFIBYLE KEFNEER

Table 3 Comparisons of water consumption, yield and water use efficiency under different treatments in an oat field

e MK KA
A . T 77 1] & s
o 5355 Tk E iRk FEhE I FH 3% Water
Ak 3 A The whole i . WUE .
Rainfall SWS SWC Yield o Increase productivity
Treatment Year of growth N /(kg+hm™ X S
/mm /mm /mm /(kg/hm*) _ WUE /(kg-hm™
/d mm™!) -
/% mm™! )
CK 2010 119a 206.6 23.7b 230.3a 1752.9a 7.6a 0 8.5a
RF 2010 115a 206.6 10.5¢ 217.1ca 1155.6b 5.3b -30.3 5.6b
2011 137b 74.2 4.5a 78.7b 446.2¢ 57b -25.0 6.0b
RFM 2010 111a 206.6 -8.4c 198.0c 1833.5d 9.3¢ 22.4 8.9a
2011 138b 74.2 22.2b 96.4h 1360.6e 14.1d 85.5 18.3¢
FP 2010 116a 206.6 46.8a 253.4a 1258.4be 5.0b -34.2 6.1b
2011 137b 74.2 11.4¢c 85.6b 426.1¢ 5.0b -34.2 5.7b

[F]—31 R [R) 3 AR AN TRl b L) A 3] 0.05 K-8 3% 22 5%+ (P < 0.05)

3 e

3/ 78 A T R 5 R R R R 3 v A e vy AR
SHERTHEY) = 8, 2R T 3R 40 X A= 7 7 Bk
THARSE B ik s 17 2B S M AR 45
PR, | 1 20 S 30 3k 18 o T 7K o 5 200 3 A - 38 5 4
RE I B 25 1], T 2 VR /K 40 R RCR T A 4y
FRIK S FMERO | AT B RS T B R AR B K 43 26 &
P AR R BE | 2 b e AE T VR B e T R
5% (R IV X 5, e S A 0 F) HE B R T
B ORI R ok R TR A,
3 e A 5 R T TR 5 R A O R Bk L B B
A TR 43 BERRC I Gk 238 7 H AR 00

TR E T AR FAE AR M X2 —FP AR IR 7K SC
WA, R RN TR, sl & L m R
PR EER)E ST RS B 25 i, SR A
ST AVEMI AR S | b MR R RN % b AR R B S,
BT 20078 3 BAF AR BRI 22 5, HLBG 25 3% b 4F
PR A i g2 T R & A, TR R S
TS BRI EN, K S EET 1%
(4 )2 4 1 R HET2 A 9T & B 4E Ik

IR K AR EZ LA 1 m LB+
2 bR AT, e 3 ALY FP RF A1 RFM
XF 60 cm AbIK 43 FE Bk 7 E PARSE 38 K
3K 9.9% 11.0% 11.1% A& T H & 4850w, B
TEEET)ZE, 7E 2011 FFALHE RFM 57K &2 5%, 2
M 9.5% D2 B TR A s T 5 5 K SR B AR
AR, LK R ENZE LI R (07 B Ab B R T
LR B RN PR A 2 1 | BB A8 P 2 2 2% 1T K 3
()11, 2R)2 4K o i T e A 3L TR I B % [ FR
WEH MK T iz, Wi T EHEK S AW
YR ZHE T, 3 6T 3 AF 3 Fp T B0 (4 -4 T R B4
B —E NGRS, MW ITCEBRAAE 1 m LIF
IR SZAEY B A K T & A 1) 3 A6 R A8 8 5 i 20N
REAERF I AR E I Bk, PR RIS T H R 2
R, FETBEROTEKSWsh Y AR T
A I T 447 K 53 Bl AT AR T AR i
1 TR R AR,

P S SRR ARy, AR I K
IR AR R A B S R I — BRI, B S 32 R
2. 2010 FFRTHI B E AL B FHE A, X 5
A= T ARG TR 40410 Y2 5 TE 8 AF- A0y 28 9 1ib JEE 78 55 B g 42
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BRI K A 22 5 X AT R R BV R R G
K0 T e FE R W K A B BRI e i RN I
AR ARE T 38 R K AT B A A8, U HH R T HHE)Z &
HEK, TR REM =k, Wb TR,
AR I oK B A TS S K AR TR
YA i A R R RIORFRLIE SR BT BN 3 T 7K 43 3
FE, SCIL T AR KRS WK A e T R R B R
YRR TG, AW 1 m WEHEKE
i TJerd a P AR 4.1 121 mm, ©AWFSE
FW], BRG] [ e R 28 R - 28 1 1 I
K PR3 B #5102 .83 mm Fl 61 mm, R4
B0 B R A N {H R 2B AR R A AR AR
B, SABE T 50— AR A A A T
2011 4RI LS 2BV B IEAL B 1 m NP IEK
A 158.9 mm , 5 2810 Jo 7 o A A b 1 24.3
14.3 mm, 1 e T2 B R R RARPEREARAE K
{5 2R 3K A3 AT T B I) B B P i, RO
Wi A SRS B B AR 2R R I AER
BB AL FEAEATT , DUH AR 2 K
TN AR A KO 2R A B IR AR PR A R
IRALANR T I 99 3K o3 S R e FE R, A
XoF FECZE 7 PR AR T S A 7 DA S 381 3 24 10 - s
AR AT i, AESC AR U 3 K o0 A R B [l T
R PR AE S M R SRRk T R 22 i 50N I A
BHE T AR T N A 77,

T e ) - R R SR R S BLAR FH K G 2 14 5
SRS PO T A Ak R VR A K AR AL
MR T T B K o T B AR IR S R A
YEY s i i AR, JE FER A B T 7 08 B TR] 33X A
2011 AERY T ISR | HE 2010 4R340 T 25 d 247,
BAFECT A MEY NS, X SRR
IR R R AR ) ) A SR R ) ) 5 T A AR
A X8, BFE S, 64 E I 230,340 mm
1440 mm A[FFERTSAFT | 8k 2200 3Ry Xfk
Folt, T KK I 503 0= 1 B354 0 - Fh 42
T 77.4% ,43.1% ,9.5% ;82.8% ,43.4% ,11. 2% ™" iIF
BHAE R T 8 230 mm A ARAEAD , £ TS R T Y
WK, ARFERY Tatiom 25T, 215
7 25 RE NS — 2D ey - EK ) R FH 2803 R K K
A7 07 JUHAE 2011 ARA RS R 74.2 mm,
PRI AR B0 B B & T 85.5% . 115.3% , P i 3%

SERRR S T 209.1% , S5 LA ERFSE A —50, Rt
TR R G A T R S KRR R A T
YEMIRE KAy (LT 3 B, SE 30 T K H 3K VB
VI v Sl R A N T ok ik A PR
IRGENR VR 7K Z 18] B R A, 2 I ) AR v T 52 4%
1, He = Ae o LSk B

4 BR5EE

ML AR TE R X A LAY, Xt A AR IR R
AR ) TE N RE ST, AN OUAT R T R 7Y 25 4 A 590
gy, i HL i TG € A0 AR, Rk 6 Hs
AT R R AN i) 0T i 2 9 A R AR
PR IR AN 1 38 22 A W 3 A T 97 i ik, JE R
TEARRTRAALIY T 5N, A 5 = A A
TE 3 e R 3 ] g 8 e M e ISR P I R 47 R
BEUR TR E  RRIH: SR A 22 Ot BTk T

TR S UM A A A S LT, 28 18 B TR AR B 4
AN T B RBOR HA B il A R
i 1 R0 A Wy B S2 B T m {E AT AR
RTHEF W 90K 0 LG T2 IR RIBUA
17 By A A M RIS DI T 3R s ok 2 g A i+ 572
P il N N EI RS EIDN SR R S AT 7/D0)
K GEIR A A DT IC, AT 5 1 A 0 7K o TSR
RO KA 7 J7, B i 1 B+ 523 5 1 e A it
ER PRI 7 A A P, R IO R S A 7 A
i PO R 2 i 2R R, AT B
TR~ 54 DX A7 Al 7 A A3 S Ao i 3 — i i 1
S A BT BV S AR E N EE PR B R
FEAZZRIREE N AES AL AE AR iR A S A ) R T
T AEYI N AR R B A AT BC, LK SR O i
N A M T — 2P AR ST, TSR K 53
TR VA BN Wk B A5 AR £ il 88 JHG I e 8 g 2K <
{U VRSN SR S u
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