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Tablel Soil fertilities in the experimental plots
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Fig. 1

Schematic diagram with ridge—furrow rainwater harvesting using maize straw biochar-soil crust

mulching for alfalfa production
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Table 2 Experimental design with ridge—furrow rainwater harvesting using maize straw biochar-soil

crust mulching for alfalfa production
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Fig. 2 Temporal variation of precipitation and air temperature during alfalfa growth season
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Fig. 3 Dynamics of soil temperature atridge tops and at furrow bottoms
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Fig. 4 Effect of ridge—furrow rainwater harvesting with maize straw biochar-soil crust mulching on soil water

storage during alfalfa growth season
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Table 4 Effect of ridge—furrow rainwater harvesting with maize straw biochar-soil crust
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R 4 55 LA F 55 2R H 1

i R R 2524 e s R 202 R HE 202 e s R 224 B
FP 11.04+1.1" 4.34£0.4" 14.0+1.4> 6.74£0.7" 22.3+2.1° 10.0£0.9" 15.8£1.5' 7.0£0.7" 22.8+2.2
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Fig. 5 Effect of ridge—furrow rainwater harvesting with maize straw biochar-soil crust mulching on branch

number of alfalfa during alfalfa growth season

F DMSBAG, 1 73 BUEC 3 ] 2 528 535,555,557 575,
611.637.573.619 Al 599 4~/m”, 28 46 H 1 4 KA bl 22
Yo (3G g 8 o 5 o AE A L MCS;g 0 MCSy;,
MCS;,. SMSBA,,, SMSBA,;. SMSBA,,. DMSBA,,.
DMSBA s Fl DMSB A, 1 43 8043 51 15 i 8,28 .50,
48.84.109.45 .91 F1 71 A~/m*, FEAH 7] A= ¥y e 7 =5 o
T, 2B R A W e 2B R XUA A W ok 2B 1Y SR K
T Y 4 ) R 556,608,597 A4~ /m?, 5 EAEM I, +
28 AT AR W) e 2 TN SUG A ) e 28 1 - ST OK & 43 )
Hahm 28 .80 F1 69 4~ /m’,

2.7 AYRBEZHAEWNHENERZEETESE
07k 4> F) 3R MR 0

B B B L 2 A R S0 B B B T
PR T 29 (F5) . TR T R I
b 2 A ST B 7 B 4 1 28 R 1T
B . 4 T 7 ik 1K 45 FH 2 56 6 45 6 28 8 12 34
TR B0 035 1 95 28 £ 56 7 5 785 50 B 207 Bt Ak

43 ) FH 280 % it A2 T 2 5 3 1 0 i B AR ¥ T R e B
A T 22 5 B B0 5 XU AR ) ok 28 1 S8 A6 T S bR T
7 A FK 43 ) FH 505 il A T 28 T 3 1 i B AR v T
R i A T 28 RN R AR R B AR a
SEAE M, MCS,,. SMSBA,, . SMSBA,;. SMSBA,, .
DMSBA,, il DMSBA,; B & 5% bR T 55 7= &t 43 51 35
3.34% . 26.81% . 17.11%. 3.00% . 18.28% #0
5.79% , MCS,;. MCSy, Fil DMSBA, [ i 52 br - & 7=
K 0.52%.0.70% i1 11.03% , MCS;,. MCS,;
MCS;. SMSBA,,. SMSBA,;. SMSBA;,. DMSBA,,.

DMSBA; il DMSBA, B & & - 5™ & 73 5l 39
72%.99% .132% . 111% . 134% . 140% . 97 % . 112%
Al 108%, MCS. SMSBA,,. SMSBA,;, SMSBA,.
DMSBA;, . DMSBA s F1 DMSB A, i 7K 43 F1] FH 4 5 384
Ml 2.67.5.77.4.26.2.99.4.66.1.62.0. 10 kg/(hm**
mm) , MCS;, fl MCS,; 14 7K 43 F] F 80% 43 5 AR 1. 76
F10.04 kg/(hm* mm) ., 7EMHFEAEY RE G T, -
28 PR IR W) e 2 R UL A ) B SR A A T L
K AR RCR I, S5O EA L, 28 R A
W) e 28 0 XU 25 W) e 28 1) S AE BT 7 S5 R F P 0 4y
SI3E N 0. 71% . 15. 64% 4. 35% , ¥ T 5 = &t 43 5
AN 101% . 129% F1105% , 7K 43 F FH % 2R 43 1] 3 i
0.29.4. 34 #12. 13 kg/(hm* mm) .
2.8 ENEHERFEH . ABEMT
X

X2 AL E AR 2 BB (R R AR ) A A
B0 TR R B R AT A G AR AT L 4 A A
RN 5 TR o ARZF S SRRSO DG A e B2 AR
5, o3 BOBOR e T R R b A OGBS v
TB R A OGRS 3, 5 SE PR T R R AR DG,
Gr BB SBR T R R A DG HE R B3 ek TR
/I DT B R DL/ DRV AR, H TN T AR
TCFPAE X (B2 28 ), JC A IX B AIG /D DX S BR T 7
T, 5 ZE SCBOR S BB A AR — B, O ZF
B o RO SE PR T B R AR OGRS 3 R R
X,

P |

ErFElHE



HA3E B3N HOR 5 R 2023 4R
K5 EYREBESZHAERNMHENELEETESENKSFMAREN T
Table 5 Effect of ridge—furrow rainwater harvesting with maize straw biochar—soil crust mulching on alfalfa forage yieldand
WUE during alfalfa growth season
e %lﬁ,. %2%"57/ "SFEE/ I WEJE/ 7 iﬁf]ﬁ/ 7
/(kgshm ?) (kgehm ?) (kgehm™?) (kgehm *smm™") (kgeshm *mm ')
AFY NFY AFY NFY AFY NFY AFY NFY
FP 3111¢ 3111%  3426™  3426¢ 6 537¢ 6 537 0 0 25. 84" 0
MCS,, 3521 5869" 3234 5390 6755 11 259° 3.34 72 24.09' —1.76
MCS,; 3 334 6668 3169 6338 6503 13006" —0.52 99 25. 814 —0.04
MCS; 3518 8210"  2973™ 6937  6492° 15147" —0.70 132 28.52% 2.67
SMSBA,, 4706" 7843 3584 5973% 8289" 13816" 26.81 111 31.61° 5.77
SMSBA,; 4220 8440® 3435" 6871 7656" 15311" 17.11 134 30.10™ 4.26
SMSBA;, 3635 8481 3099™ 7230 6733 15711° 3.00 140 28. 84" 2.99
DMSBA,, 4310 7183 3422" 5703 7732° 12886" 18.28 97 30. 50® 4.66
DMSBA,; 3660° 7320 3256 6512 6916° 13831 5.79 112 27.47% 1.62
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- {E
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SMSBA 4187* 8 255° 3373 6 691" 7559* 14 946°  15.64 129 30.19° 4.34
DMSBA  3704™ 7277 3118 6152"  6821" 13430 4.35 105 27.97" 2.13
TEAFY 9P T 524 NFY i i
x6 ZUNEERFZB.ABBIMTFESSHHEXN
Table 5 Correlation between total number of roots buds, branch number and forage yield of alfalfa
HEZF I3 B G B e PR T B A
FRZF K 1
Ir B 0.775" 1
[ T 0.524 0.786" 1
PR R R —0.404 0.073 0.193 1

TE = IR A [ b B R) 22 S 4 12 35 (P<<0. 01) .
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(1. College of Grassland Science, Gansu Agricultural University ,Key Laboratory for Grassland Ecosystem , Minis-

try of Education , Grassland Engineering Laboratory of Gansu Province,Sino-U. S. Centers for Grazing Land

Ecosystem Sustainability , Lanzhou 730070, China; 2. Gansu Provincial Key Laboratory of Aridland

Crop Science, Gansu Agricultural University,Lanzhou 730070, China ;3. Dingxi Hydraulic
Research Institute , Dingxi 744300, China)

Abstract: [ Objective] To explore the effects of ridge furrow rainwater harvesting (RFRH) with biochar applica-

tion on the number of root buds of alfalfa and cultivation techniques for high-yield of alfalfa in semi-arid region.
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[Method] A randomized block design was designed to investigate effects of different biochar rates 0 X 10*(ridges
compacted with soil) , 3X 10* (ridges compacted with soil mixed with single biochar application) , and 6 < 10* kg/hm®
(ridges compacted with soil mixed with double biochar application) ) and different ridge widths (30, 45, and 60 cm)
on soil moisture, temperature,, root buds, branch number, fodder yield, and water use efficiency (WUE) of alfalfa in
RFRH, and flat planting (FP) was used as a control. The treatments were flat planting (FP) , 30/45/60 cm wide
ridges compacted with soil (MCSy,, MCS,;, MCS;,) , 30/45/60 cm wide ridges compacted with soil mixed with
single biochar application (SMSBA.,, SMSBA,;, SMSBA,,) , 30/45/60 cm wide ridges compacted with soil mixed
with double biochar application (DMSBA;, DMSBA s, DMSBAy,). [Result] The number of stem buds of alfalfa was
2.2~2.9 times greater than that of root neck buds. The topsoil temperature at ridge top was affected by the ridges
compacted with soil—biochar crust, but not at the topsoil temperature at the bottom of the furrow. With biochar appli-
cation ridge — furrow rainwater harvesting increased soil water storage , the number of root buds (stem buds + root
neck buds) , branch number, fodder yield, and WUE of alfalfa. With the increase of ridge width, soil water storage,
branch number and root buds increased , while fodder yield and WUE decreased. Compared with FP, soil water stor-
age increased by 20.7,30.8,41.7,8.7,23.0,35.7,6.2,12.0 and 11. 0 mm, for MCS;,, MCS,;, MCS;;,, SMSBA,,
SMSBA,;, SMSBA,, DMSBA,,, DMSBA,;,and DMSBAGO respectively. Root buds increased by —0.4,0.4,2.0,
1.2,0.7,4.1,0.4,3.0 and 4. 6 per plant for MCS;,, MCS,;5, MCSy,, SMSBA,,, SMSBA,;, SMSBA,, DMSBA,,,
DMSBA,;, and DMSBA,, respectively. Branch number increased by 28, 50,48, 84,109, 45,91 and 71 per square
meter for MCS;,, MCS,;, MCS,,, SMSBA;,, SMSBA,;, SMSBA,,, DMSBA,,, DMSBA,;, and DMSBA,, respec-
tively; while fodder yield increased by 3.34%, —0.52%, —0.70%,26.81%,17.11%,3.00%, 18.28%,5.79%
and —11.03%. For the same treatments, the WUE increased by —1.76, —0.04,2.67,5.77,4.26,2.99, 4. 66,
1.62 and 0. 10 kg/(hm*-mm) , respectively. [ Conclusion] Optimum ridge width was 30 c¢m, and biochar application
rate was 3 X 10" kg/hm’ for ridge-furrow rainwater harvesting with biochar application in semiarid regions of China.
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