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Influences of Two Consecutive Years Supply of Biochar on Soil Improvement,
Water Saving and Yield Increasing in Sloping Farmland of Black Soil Region

WEI Yongxia'®>  ZHANG Yipeng' ZHANG Yufeng' WANG Ruiyin' MA Yingying' ZHANG Yi'
(1. College of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of High Efficiency Utilization of Agricultural Water Resources, Ministry of Agriculture, Harbin 150030, China)

Abstract; The black soil region in Northeast China is rich in soil fertility, good in soil properties, and
suitable for crop growth. However, the problem of soil erosion in sloping farmland seriously threatened
the regional ecological environment and national food security. To discover the influences of the optimal
amount and duration of biochar supply on water saving and yield increasing in slopping farmland of the
region, the two years experiments were conducted based on runoff plot in 2015 and 2016. Five treatments
were set according to different amounts of biochar, which were 0 t/hm*( C0) , 25 t/hm’(C25), 50 t/hm’
(C50), 75 t/hm’(C75) and 100 t/hm’( C100) , and the same amount of biochar for each treatment was
supplied continuously in the next year. The results showed that biochar made the soil bulk density
decreased, and the soil porosity and organic carbon density were increased sharply with the increase of
biochar in two years. The field capacity was increased with the increase of biochar in 2015 while which
was first increased and then decreased in 2016, and the best one was the treatment of C50. At the same
time, the three-phase and generalized soil structure index ( GSSI) were the most reasonable in C50
compared with others. The annual runoff in three degrees sloping farmland both were decreased in the two
experiment years, and the annual runoff coefficient was decreased most, which was in the treatment of
C75 (by 15.44% ) in 2015 and C50 (by 17.27% ) in 2016. The addition of biochar also could increase
the soil water accumulation amount and decrease the rate and magnitude with time after rainfall. The
highest yield of soybean was respectively C75 (27.16% ) in 2015 and C50 (28.17% ) in 2016.
Compared the results in 2015 and 2016, the water use efficiency of soybean was increased by 27. 67%
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with 50 t/hm” biochar supply for two years compared with the control treatment, and the effect of water

saving and yield increasing of the treatment was the best one.

Key words: biochar; soil three-phase ratio; runoff coefficient; rainwater accumulation; water use

efficiency of soybean
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Tab.1 Basic physical and chemical properties of
tested soil and biochar

SR ERiIN T 2R e Eal

any . - o . o

b FiE b/ it/ FiE/ FiE/ pHAE
Co(gkgT) (geke') (srkg') (goke )

-+ 8 34.83 111 0.45 0.35 6.30

IR 70210 13.97 2.24 34.55 9. 14

1.3 {3iRit

I AR /N XN AT, /N X8 e R+ X
SRk HLA CRIERY 303, MRS 20 m x5 m, L3t 10 442
/N R TP AT g s (B 1) o A%/ XOR S B A2 3L B
LR ARG, AR AT 5% O 5 A/ X S 11

3 I S b WA N P
Fig. 1 Real shot drawing of runoff plots
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Tab.2 Actual soil moisture content of soil sample

obtained by each treatment %
AE 5y co €25 €50 C75 €100
2015 21.17° 20.96° 23.75" 24.51" 23.13"
2016 20.38° 22. 46" 23.69" 23.07" 21.79*
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Tab.3 Physicochemical properties of treated soils
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W SR AR i R A L BRI R - 9 A R A
INFLBRE o it A S 22 5 e O 56 B

AHE/(grem )

MALBEE/ (em®-em ™)

S 4] 45 K Ak % AP B/ (t-hm ~2)

b 3
2015 2016 2015 2016 2015 2016 2015 2016
Co 1.16° 1.15* 49. 6* 48. 3" 32.81° 32. 64" 3.41° 3.52°
€25 1.15% 1120 51.6° 53,20 33.43" 34.78" 4.48" 5.71"
C50 1. 12" 1.07°¢ 52.8% 55.7" 34, 26" 36.20° 5.52° 6.72"
C75 1. 12" 1.05% 53.4% 58.0° 35.13° 35.27" 6.28 8.45°
C100 1.09¢ 1. 05 56.0" 59.6° 35.48° 34.39" 6.91¢ 12. 191
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Fig.2  Soil three-phase ratio tested in 2015 and 2016
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Tab.4 Generalized soil structure index
EAy (o] €25 C50 C75 C100
2015  94.12° 94.97% 97.25%  96.84™  96.40"
2016  93.85° 96. 69° 98. 31 93. 58" 93. 30"
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AR TR WA S AR 5] T T 6.34% ~
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R I CS0 b (55 4) I i AR AS o I6Ah,
C75 F1 C100 b BH i + HE 45 k) 2 3% 200UR 1 ik 3] B
FHKF(P<0.05),

B 18 2b ] i, 2016 4F 2% 4b B 4 4 [ AH 5
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£5 SEHURELENERAR R NEARY o
Tab.5 Annual runoff R and runoff coefficient «

in each year

R/mm o/ %

Ak 7

2015 2016 2015 2016
Cco 82.59 94. 48 24.99 20. 56
€25 76. 84 79.56 23.25 17.31
C50 72. 64 78.16 21.98 17.01
C75 69. 84 80. 10 21.13 17.43
C100 70.51 81. 69 21.33 17.78

Jita N A W R A R D T 30 BB b Y AR
Ui, 2015 AP BCR AR g C75 RE B, AR
AL CO Jg /b 15.44% o 5 Kl €O L C25 .
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C75 .C25 .C50, 33X — 4F A= 7 7 it i & 7 50 /hm”
A0 Y A7 ) AR e oy T 3 ARONT R A AR AR A A IR
17.27% . XF H i 4F 3 36 45 ok F, 2016 4 €50 4b
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LU RGN 2.6 D E . BMEREY RN Z
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) AR IE B0 AT WL o UL AT S5 8 h FF4f , B[R]
(B FE K 8 .12 24 h,

TR ZE 16 5 R W (A FE KRR 2 64T, B R I
25 Hb B - S5 1) TS 7K 7 R B B4 I P[] A S 0 s L
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& 35.5 mm, FHRETRRE 12.92 mm/h, & 3a
JIiR BTG 24 ~72 h £ 40 BERR K & RN R
B4 B, CO Fi C25 A3 T REIR ALK, 72 h Z
J5 A B ok i SO vhm® DL b Y AL BT B R A
JRI Gz, i NGNS TR . K& R Sk FE
25 A0 BRI AE TR 5 B3k B fe AR i i A= W e B 4
T 0 ~100 em 4 J2 %8 B 1 FR K B UL, B0 B Ak
FRL T 16.86% ~55.21% .

2016 4F 8 H 18 H F& M i B 107 min, [% [ &
48. 4 mm , [ 8 Ky 23. 80 mm/h, W& 3b R,
MAKFEREEAE TGRS E—-FMHM, C25 5
C50 4b 2 FE 7K & AR B B, HOX R K & AR R B
TR IR WO FIEAT o 5 DK AT RE 2 A e T 4
AL SR A KR RN K T B E 4
J2 T (A A S K R KR E G I, A AR W R
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Fig.3 Change of rainwater accumulation in 0 ~ 100 cm soil after rainfall
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HORBRAFI R C75 A FE, A EE CO AR BH T #A Rk 32 5
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PR X R WL A% 7 R R LR R S AR AR B (P <
0.05), #AbH ™= AR EHEHBEER, MAY
2015 AEAN[A], B4 77 R 5 C50 Ak B f s, o 28. 17%
(P <0.05), C75 5 C100 kb ¥ 34 7= 3 5 F [, 3 =
HH15.33% F1 11.90% (AH [ CO 4b 2 5 R A B

F)o ARGy R T TR S AR Y B & E
Spearman {5 RN 0. 600 (FHICHEAE P =0. 05 KP4
ETE DR UE) VI EEE /b e e e R EE NG DR v € NS
(W ERIIPSERT T AR/ b3 WSR2 S nt- S 1)
ARFE FEKRE TR , SR A A 7= e — RE S
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Tab.6 Soybean yield and components of each treatment

Ay Pus::] AR IR B R L B/ L ORI/ g ped/ (kgohm ~?) B 7 H/ %
Co 33.33 £1. 16" 80.33 £2.52° 18.39 +0. 38" 2150 +98*
€25 38.67 £3.06™ 94.33 4. 04" 20.54 £0.70" 2265 112 5.35
2015 C50 39.33 £1. 16" 98.33 +3.51" 20. 64 0. 62" 2430 £169™ 13. 02
c75 48.67 +3.55° 106. 00 +2. 00° 21.55 £1.11° 2734 +142° 27.16
C100 42.00 £2.00" 100. 00 £2. 00" 19.97 0. 61 2590 + 82" 20. 47
Co 31.67 £1.53° 74.00 =2. 00" 18.22 +0.70° 2185 +117°
25 36.00 £2.00* 91.33 £3.06" 21.72 £1. 45" 2630 + 174" 20. 37
2016 C50 41.33 +2.31° 100.33 £3.69" 23.29 +0.48° 2800 +185" 28.17
C75 38.00 +2.00"™ 95.00 +3.00" 20.53 £0. 94 2520 +53* 15.33
C100 37.67 +1.58" 94.33 £2.31" 19.91 0. 56* 2445 215" 11.90

T R BRI = R 2 A

2.5.2 XK S AK G IR 1) 5

7 20 2015 2016 4R 55 45 A0 ) K A F
FE/K i (ET) 57K R AR (WUE) o 2015 48 & 4k
R WUE i 2K HE 7 2y €75 ,C100,C50 €25 ,
CO, Jifi in A= 9 e Ak PR WUE {B 2 5 T %) BEAR 2R, 42
BRI 6. 16% ~25.03% ;2016 4F % 22 i A= 9
A JE R K E WUE [6] B 77 A AN [a) 72 B2 $2 20O, &2
JeTtJE B, C50 4b PR B, 8¢ CO Ab PR 42
B27.67% , 5K & €75 .C100,C25 Ab 3, WUE
Ay R 11.91% 10.40% 9. 68% .,

FT 20152016 FEREBAETEFHEKES kS
AR
Tab.7 Water consumption and water use efficiency in

soybean growth periods in 2015 and 2016

] AT K A KGRI R/
o g e
/mm (kg'mm ™' +hm™°)
2015 270. 39 7.95
Co
2016 409.79 5.33
2015 268. 30 8. 44
C25
2016 409. 12 6.43
2015 271. 64 8.95
C50
2016 412.26 6.79
2015 275.13 9.94
C75
2016 415.21 6.13
2015 275.517 9.40
C100
2016 410. 48 5.96

LR PIARIRIG I HT SN 2 4F2E 4 5k 50 ¢/ hm’
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