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Abstract: The content of soil organic matter in loess arid region is low, and the limited resources of water and fertilizer in dry
farmland lead to low water and nutrient use efficiencies. Biochar has the potential to regulate the soil porosity environment and the
availability of water and fertilizer. Therefore, the related mechanisms of biochar promoting the grain yield and regulating the soil
water and fertilizer transport in loess arid region are worthy of in-depth exploration. In order to clarify the effect of biochar addition
on soil water and nutrient contents, and yield formation of millet in loess arid region in northern Shaanxi Province, "Jingu 21" was
used in this study. Five levels of biochar application were applied, i.e. CK (0 t-hm™), C1 (2 t-hm™), C2 (4 t-hm™), C3 (8 t-hm™) and

C4 (16 t-hm™), and the same amount of carbon for each level was applied consecutively for 2 years. The results showed that (1)
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Adding proper amount of biochar could effectively increase soil water content, but excessive addition of biochar was not conducive
to soil water storage and utilization. The soil water content under C3 at the jointing and maturing stages was significantly increased
by 21.4% and 30.5% compared with CK, and of the water content under C4 decreased by 8.83% and 7.25% for respective growth
stages compared with C3, but there was no significant difference. (2) Soil pH value, organic matter, ammonium, nitrate and avail-
able potassium contents under C4 increased by 4.28% - 29.4% compared with CK after two years of biochar application. The soil
available phosphorus content increased first and then decreased with the increase of biochar application, and the available phospho-
rus content under C4 decreased by 7.27% compared with CK. (3) The addition of biochar effectively improved the biomass and yield
of millet. Under C3, the above-ground biomass of millet at the mature stage increased by 17.8% compared with CK, and the yield of millet
increased by 16.9% compared with CK. In conclusion, appropriate amount of biochar application can effectively improve the soil
water and fertilizer nutrient contents in the loess arid region in northern Shaanxi, and consequently favorite the accumulation of grain
biomass, the transformation of carbohydrate and yield gain.
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Fig. 1 Average monthly rainfall and temperature during millet growing period from 2019 to 2020
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Note: Cl1, C2, C3 and C4 indicate biochar application were 2 t-hm~, 4 thm™” . 6 thm~ and 8 t-hm~, CK indicates no biochar application.
Different lowercase letters indicate significant differences between treatments at 0.05 level during the same period.
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Fig. 2 Soil water contents of soil (0 — 30 cm) in different growth stages of millet during 2019 to 2020
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Table 1 Nutrient contents and pH values of topsoil under different biochar treatments in 2019 to 2020
Py 1 5 A LR PSR AR K AR
YVear Treatment pH Organic r{llatter/ Ammonium Eitrogen/ Nitrate nitrggen/ Available phoiphoms/ Available potjtssium/
(g'kg ) (g'kg ) (mg-kg ) (mg-kg ) (mg-kg )
2019 CK 8.38+0.03 b 4.74+0.20 b 3.43+0.06 a 6.37+£0.28 ¢ 6.28+0.03 ¢ 88.4+0.96 ¢
Cl 8.61+0.01 a 4.98+0.08 b 3.62+0.12 a 6.85+0.24 be 6.50+0.16 b 92.4+1.01 ¢
C2 8.61+0.05 a 5.91+0.08 a 3.69+0.14 a 7.49+0.10 ab 7.32+0.06 a 103£1.59b
C3 8.63+0.05 a 5.99+0.10 a 3.73+0.06 a 7.85+0.20 a 7.05+0.04 a 105+1.23 ab
C4 8.66+0.04 a 6.10+0.12 a 3.75+0.13 a 8.04+0.12 a 6.20+0.07 be 107+1.76 a
2020 CK 8.41+£0.08 b 5.47+0.10 ¢ 3.59+0.08 b 6.71£0.20 b 7.70+0.10 ¢ 105+0.70 ab
Cl 8.63+0.10ab  5.79+0.10 ¢ 3.79+0.04 ab 7.64+0.26 ab 8.67+0.10 a 106£2.29 b
C2 8.74+0.09 ab  6.39+0.08 b 3.96+0.04 ab 8.01+0.22 a 8.30+0.08 b 107+2.61 ab
C3 8.76+0.04 a 6.76+0.18 a 3.98+0.11 ab 8.43+0.24 a 7.94+0.04 ¢ 110£2.63 ab
C4 8.77+0.03 a 7.04+0.04 a 4.10£0.16 a 8.68+0.24 a 7.14+0.09 d 1124143 a
Ab 3 Treatment ( T) NS ok ok * ok ok
A4 Year (Y) NS Hok * ok ok ok
Ab B AR £y TXY NS NS NS NS o NS

T ClL. C2. CIMCAICR ALY H MRS H R2thm . 4thm>, 6 thm “F8 thm >, CKNy Ajiti 2L ¥ s b 3 . AR 7 HE R
71 A B IR)FE 0.05K 7 |25 5 2, #AN R R R 7E0.05M0.01K 7 | 2% 5 3, NSEIRTE0.05KF 125 5 Rig 2.

Note: Cl, C2, C3 and C4 indicate biochar application were 2 t-hm >, 4 t-hm” . 6 t-hm “and 8 t-hm™*, CK indicates no biochar
application. Different letters indicate significant differences between treatments at 0.05 level. * and ** indicate significant differences at 0.05 and

0.01 levels, NS indicates no significant difference at 0.05 level.
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Note: C1, C2. C3 and C4 indicate biochar application were 2 t-hm™>, 4 t-hm™”, 6 t-hm™ and 8 t-hm~, CK indicates no biochar application.

Different lowercase letters indicate significant differences between treatments at 0.05 level during the same period.
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Fig. 3 Above-ground biomass of millet at different growth stages from 2019 to 2020
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2019 4F, BfAWy A AN, AT UL PARURIE . TRIE AT ERWhENE, C4 BB
FEFREE CK 433 4T} 25.6% . 34.9% . 44.3% . 20.2% Fl1 15.2% (P<0.05) ., 2020 4F, [F—JtimAbiis
TR SEIEAR L LA I T, (H 2020 4E45 i s Ab FRA T4 S 86 hn 248 CK #4 rdert, |
BEA= Yo S IR I R . C3 A FREG . R, PRokr i K = 4 CK 40l B K 34.6% . 38.7% .
42.7%. 16.9% (P<0.05) , C4 A FHEf . SRR EK C3 /3l TF% 8.61%. 153% (P<0.05) , K.
TR M 8 C3 TR 8.03% . 8.78% . 1.56%, (HERALE .
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Table 2 Effects of biochar addition on millet yield and its components

Ay 4k 3 FEK FEA B EORL TR 7ok
Year Treatment Ear length/cm  Ear diameter/mm  Grain weight per panicle/g  Thousand seed weight/g  Yield/(kg-hm™)
2019 CK 16.2+1.03 b 15.0£1.50 b 11.4+135b 2.77+0.17 b 3677+54.8b
C1 18.6+0.36 ab 19.4+0.63 a 11.6+£0.47 b 3.00+0.08 ab 3758+23.5b
Cc2 18.0+0.67 ab 20.0+£0.28 a 14.240.16 a 3.21+0.13 ab 4099+128 a
C3 19.3+0.70 a 20.2+0.43 a 15.2+0.46 a 3.2440.16 ab 4195+43.6a
C4 20.4+0.71 a 20.3£0.49 a 16.5+0.55 a 3.33£0.16 a 4235+£39.2a
2020 CK 14.5+0.36 b 14.3£0.58 ¢ 10.9£0.66 ¢ 2.60+0.38 a 3576+243 b
C1 17.7£0.78 a 18.4+0.33 ab 10.7+0.68 ¢ 2.90+0.13 a 3 658+26.3 b
Cc2 17.6+0.64 a 18.8+0.80 ab 13.0+£0.12 b 3.14+0.07 a 4073+83.0a
C3 19.6+0.65 a 19.940.27 a 15.6+0.65 a 3.19+0.14 a 4179+17.5a
C4 18.0+0.46 a 18.3+0.23 b 13.2+0.16 b 2.91+£0.08 a 4114+£38.8a
Ab 2 Treatment ( T) ok ok ok * ok
A Year (Y) * * * NS NS
Ab B XAE fiy TXY NS NS NS NS NS

FE: Cl, C2, C3FNCHN F it HI AL e 43 90 M2 thm ™, 4thm™, 6 thm I8 thm™*, CKyAJiti 2L ¥ 54 B . AR 3%
RALFRTE0.05KF 22 R B, *RI*RIRTE0.05MO0.0UKF L2 F B E, NSERIE0OIKF LEFREHE,

Note: C1., C2. C3 and C4 indicate biochar application were 2 t-hm >, 4 t-hm >, 6 t-hm “and 8 t-hm™>, CK indicates no biochar
application.Different letters indicate significant differences between treatments at 0.05 level. * and ** indicate significant differences at 0.05 and
0.01 levels. NS indicates no significant difference at 0.05 level.

3w #

AEMBIR AT AL . BOK HAR TR KRR B ML, ARt M I R 45 30
BRI, R SR SR Soxt UK A AR R B ™, (L 0 0 2o W S
PERE™. ABFGELE RAYT, 2019 48, BAAPISRMEI RLAGRE, e SOK RN, T 2020 4F C4 M
IFT A TFHIRRANI LK RE C3 435I T 8.83%, 7.25% ., ZPHNIHHER Kt CK T 4.23%
(P 2) o EESEPENRHIZE IS, ISR S 7, (A TLIE L BN, AT RE A3k
SMHARRIRIEAEs 53— T ARSIy 2020 4R48 TARE0, DX BAMERT R/, BRI H R TR IR
B R332 KSR SRR B SR G2 I, B Bk Bk
HEFREMRFIBIG . Zhang 4 BFFCHM, 4% ~ 6% MAPIRRMANE AT, MMk,
FERFEFE EOER, RIS AR ORI BRSO AR L BT SO A0 R
K7 T2 B PR 57— T A A T ok SRS S5 SRR, 35 X BT
), AERATHER I A, URIACHE A A B DR SRR IR, BT I B X AR A
AEYBGE R . ST SRR KA TR AR



%28 BItR%E: £WRifnxE T EXR T EKBRERE FE2R R0 231

HEVIRAS SR B, BT RSy, HHBORMWMGET), R sdem g R acHom,
P RIEAR R ARBE AR , MEH 2 ARG, T3 pH. AHLT. AR, AR,
R T Bt e A N IR, b RSO B WU B A A it P R R e e ek, B - RIX i
SR, AR R RSN, R T R R B RIR S A AE SRR B I (Y B R S
i, BERVEDISCR A B S A R A A T R b, IR ) T
R, PR BT ESRR A RBERIER, DAY ]y 13 7 A RO & . (B i AL
EE M EYIE, RV A RE S AR, AR e SRR I K Ay, i s b SR A D LA AR
BARAIBHE Fac it (CEC) SFRBERITRTEDY, nIAE S8t s Rl & R RAK, S /e A= BT AE
IR S EAEEYD LA . BRI A AR, AR R it B f Bl B A X e A 1 i
I SEMA BTy WA

K AR B SN A K RN P B ERIAEERRD A= A AS IS T 8 - R IX - HOKARREE, RIH
AYBit R T, HS Ay s e B W A AR T e . AR g iR, 2 R h s
TFITA T AP A i A i CK B T, 2019 4FH b EBAE it A st bl A= 9 it P 1 1
HEANTREAN, 2020 4F C3 AbHEY, AT F MM EE A YRR Bk R, BN &
C4 AhPRE, b b FF A Y = e C3 F M. — A M AEYIIRAE 20 ~ 40 thm ” B AT 3545 S AE 9 7=
TN AR RICNESE R 2 4, MR 8 thm D N B ERT T A TA YR . Tin 2 B
T, BN 11.4 thm” BERS AR S EY = . Pt fera smER ol 1 2 3 RNl AE M e, S5
R 10 thm ™ SRR AL FIEH SRR G A B R fit o 3 f AR R VN N RE 4R 0 B R AR PERE™, 3R Bt
SRRVER Rt — 4 8 R IR AR, WEYE KRR ER, dhimmEp =g, H
FR R A T RE S HARIRINEE , SYEY T AESR A FUK A IISE R R R, AR TR R A K A4
WA o RIS, St 4y e b 2 B i TR AU LU AR, SR 1 3 R 25 M AN BES %, NI AT
VEYpHb b2 Yy B AR S R AR . A, 2020 4EATHb b EBAE Py AR 2019 AR T T R,
X FEEIEH N 2020 4EFEF R, TENFRAEE T Bk 5, A 00 FK 43 e 23 8 I EARAE
Ykt HHER A RRORA AR (BRI AR, &t s BT R 14 1
AR AR AR RN R T, SR U A ot i SEIX AR AR KOR A IE TS A RN
W1, A B B AR FIBREEREBE, SR MBS e B I R R bR S

4 2

PRAEE SR FE U0 B A 4 TR P A 50 s 8 = R X UK IEAEE , ik SRR PR T = at
PR, LSS .

(1) EEAEYHRIEINAEA BT E £ R X ISk, (it i A= 9 e 2 1) 55 2 ik Hot +
BOKMEARHMIER; (2) Ve sde Tt HeapUm . S8R . MAE . B s &, AEHE S
X A3 A I A W 2 AR e S i (3) AR BCREAT SR T8+ R IX A -4 oA W e R
PR, ELEMI 2 4F . MEREHR 8 thm B, SR PANFEIAF I A YR CK T 17.8% ~ 31.6%, 45
TR T CK BT 16.9%. LEATT, AWHITE + 52 X 3K o5 R e AR 3740 &
EETFHHAFAEA, HEARE ™800, AP e + S X VEY s oA N RNE, (B TRAS
it

SZ#k (References ):

(1) W &N7R, THAE, BRI, 45 SN AE 90 B 0oxt 8 b i RUR AR A T 1 3R | W AR B R AL 23 i ) 0] il ~#412, 2022, 31 (2) -
14-24.
PAN Z D, MA Q Q, CHEN X L, et al. Effects of biochar addition on nutrient levels and humus and its components in dry farmland soils on
the Loess Plateau[J]. Acta Prataculturae Sinica, 2022,31 (2) : 14-24.


https://doi.org/10.11686/cyxb2020563
https://doi.org/10.11686/cyxb2020563

232

T &8 5 £ %9 E13%E

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

EIRF AV RAER A ——r B R XA R R 2 8% D). T2 X RS, 2023, 41 (3) : 5-10.
WANG J L. Organic dryland farming: development of characteristic agriculture in arid areas of China[J]. Agricultural Research in the Arid
Areas, 2023,41 (3) :5-10.
XUZEE, ZHA0L, /N, 45 S DX M A W I AR SR Z 8 AR 5 0] R HLBR 2412, 2022, 53 (7)) 325-336.
LIU H, SU H, WEN X Y, et al. Comprehensive benefit of biochar application modes on slope farmland in black soil region[J]. Transactions
of the Chinese Society for Agricultural Machinery, 2022,53 (7) :325-336.
LEZ, Htm . BT SCmk i o W 2R Wk 0 RS 0 D] iAol B4, 2022, 63 (6) = 1182-1187+1191.
KONG F Y, LU S G. Bibliometric analysis on the development of biochar[J]. Journal of Zhejiang Agricultural Sciences, 2022, 63 (6) :
1182-1187+1191.
W2, M, SRICEL, 55 AW 5 ST BRSO R 3T L], BRI RL, 2021, 49 (22) + 10-13+17.
WEN Y, WANG C M, ZHANG W D, et al. Research status and analysis in agricultural extension application of biochar[J]. Journal of Anhui
Agricultural Sciences, 2021, 49 (22) :10-13+17.
SRS, BRTT I, PR, 4. MM RE 5 Al (0 K i HLIB S5 005 (7). R4, 2020, 57 (4) - 783-796.
ZHANG J L, ZHANG J Z, SHEN J B, et al. Soil health and agriculture green development: opportunities and challenges[J]. Acta Pedologica
Sinica, 2020, 57 (4) :783-796.
TRF, WL, T, B AEY B A A2V B RS HU R R D). K R PRRRITSE, 2021, 28 (6) 1 105-114.
WANG L L, CAO Y G, WANG F, et al. Effect of biochar on reconstructed soil chemical properties and drought resistance of Medicago
sativa[J]. Research of Soil and Water Conservation, 2021,28 (6) : 105-114.
BEEE, VA4, B B, S AR R DO TR YERS KRS =t LR & U m s (1], R AE K, 2019, 25 (1) : 44-8.
LIAO P, TANG J, ZENG Y J, et al. Effects of biochar and lime on yield, soil properties and economic benefit of double rice cropping
system[J]. China Rice, 2019,25 (1) :44-8.
A0, 20, X0, S AN IR A R A e X 2D eV K R b R 0 B A R R S R s ) (D], P RO R 2, 2015, 48 (7)
1361-1369.
LIM, LI Z P, LIU M, et al. Effects of different straw biochar on nutrient and microbial community structure of a red paddy soil[J]. Scientia
Agricultura Sinica, 2015,48 (7) : 1361-1369.
ARIE, AR, MkE, S5 Whoe AR Wroxd i v e R HEn B RBOCR (1] AR SR 2R, 2022, 31 (4) = 723-731.
DENG X, WU CY, YANG G S, et al. Improvement effect of coconut-shell biochar on coastal soil in Hainan [J]. Ecology and Environmental
Sciences, 2022,31 (4) :723-731.
BHRAN, BRIGH], WA, & GRS R AP R S A TR B AR AR 1 (1], /R4 2741, 2014, 40 (7) : 1259-1273.
LUO JJ,0U QM, YE C L, et al. Comprehensive valuation of drought resistance and screening of indices of important flax cultivars[J].
Acta Agronomica Sinica, 2014,40 (7) :1259-1273.
A, AN, AW TR VR B R HO LSRRI D RE R W 1 F S R (7] 2R AR BRI A, 2011, 20 (4) : 779-785.
YUAN J H, XU R K. Progress of the research on the properties of biochars and their influence on soil environmental functions[J]. Ecology
and Environmental Sciences, 2011,20 (4) :779-785.
HU Y J, SUN B H, WU S F, et al. After-effects of straw and straw-derived biochar application on crop growth, yield, and soil properties in
wheat (Triticum aestivum L. )-maize (Zea mays L. ) rotations: a four-year field experiment[J]. Science of the Total Environment, 2021, 780:
146560.
LIU XY, ZHANG A F,JICY, et al. Biochar’s effect on crop productivity and the dependence on experimental conditions—a meta-analysis
of literature data[J]. Plant and Soil, 2013,373 (1) :583—594.
KA, BOC#k, RO, 55, T 5 e A Wy xS B2 RO E AL 0], K £ ARFRAE AR, 2022, 36 (1) - 352-359.
ZHU Z Y, DUAN W Y, CHEN F Y, et al. The mechanism of biochar facilitate ryegrass growth in arid soils[J]. Journal of Soil and Water
Conservation, 2022,36 (1) :352-359.
WA T 2R, XUMG, 2, 45t T AR W Ao AR 6 IRt MK 20 FUR R AR KRB IR D). £ KB, 2019, 27 (1) : 142-150.
KAN Z R, LIU P, LI C, et al. Effects of biochar on soil water and growth of summer corn in the North China Plain[J]. Journal of Maize
Sciences, 2019,27 (1) : 142-150.
BEESLEY L, DICKINSON N. Carbon and trace element fluxes in the pore water of an urban soil following greenwaste compost, woody and

biochar amendments, inoculated with the earthworm Lumbricus terrestris[J]. Soil Biology and Biochemistry, 2011,43 (1) : 188—196.


https://doi.org/10.3969/j.issn.0517-6611.2021.22.003
https://doi.org/10.3969/j.issn.0517-6611.2021.22.003
https://doi.org/10.3969/j.issn.0517-6611.2021.22.003
https://doi.org/10.3724/SP.J.1006.2014.01259
https://doi.org/10.3724/SP.J.1006.2014.01259
https://doi.org/10.1016/j.scitotenv.2021.146560
https://doi.org/10.1016/j.soilbio.2010.09.035

%28 BItR%E: £WRifnxE T EXR T EKBRERE FE2R R0 233

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

MUKHERJEE A, LAL R. The biochar dilemmal[J]. Soil Research, 2014, 52 (3) :217.

U, 555 AW e 48 BOR B AR W AR A 28 R AU g 1oy ST g (0] 52 L2 3 (A SR 1), 2022, 61 (3) : 365-374.
WEI S J, WANG S B. Biochar preparation technology and the new application progress of biochar in ecological environment[J]. Journal of
Fudan University (Natural Science), 2022, 61 (3) :365-374.

B, LA R R o B B R EOR (D). LI K534, 2019 (1) £ 2114225,
CHANG X Y. High-yield cultivation and pest control techniques of millet in dry land [J]. Agricultural Development and Equipments, 2019

(1) :211+225.
KRG A AR SRR P B A FIE (], e 2l 4, 2007, 13 (10) : 169-170.
ZHANG H J. Millet's position and function on dry farming[J]. Anhui Agricultural Science Bulletin, 2007, 13 (10) : 169—170.
X pel, MJamal Khan, BrifEe, 55 . F5 AT A2 90 506 0 A 4077 4 70 L etk a2 me) (0], 32241, 2015, 52 (4) - 849-858.
LIU Y, M J, JIN H'Y, et al. Effects of successive application of crop-straw biochar on crop yield and soil properties in cambosols[J]. Acta
Pedologica Sinica, 2015,52 (4) : 849—-858.
AR 8L R R B A SRR B R AR 7 R R B WF ST R ] T R S R, 2013 (5) -
GOU M M, QU Z Y. Research on using biochar to agricultural soil amendment and crop yield[J]. Soil and Fertilizer Sciences in China,
2013 (5):1-5

B, WU EL, B, 5 R EIAE W R U N A X e K 538 Bl AR A R e R BRI 5 (1), AR R KRR L, 2021 (9) -
134-140.
GAO Y, SHEN H Z, YANG T, et al. The effects of different biochar additions on soil water movement[J]. China Rural Water and Hy-
dropower, 2021 (9 ) : 134—140.
XERAE, sk, SN, 5. AW A T4 AR RO SRR 2 (1], T R AL AF5Y, 2020, 38 (1) : 86-91+116.
LIU H M, ZHANG S Y, GUO H G, et al. Effects of biochar supplement in soil on growth and photosynthetic characteristics of millet
seedlings[J]. Agricultural Research in the Arid Areas, 2020,38 (1) :86-91+116.
1 H . BRI AT [M]. 3R L st H ol H Ak, 2000: 30-126.
BAO S D. Soil and agricultural chemistry analysis [M]. 3rd ed. Beijing: China Agriculture Press, 2000: 30-126.
YANG R Y, ZHOU C X, ZHU ] J, et al. Effects of biochar application on phreatic water evaporation and water-salt distribution in coastal
saline soil[J]. Journal of Plant Nutrition, 2019, 42 (10 ) : 1243-1253.
ALKHASHA A, AL-OMRAN A, ALGHAMDI A G. Effect of water quality and date palm biochar on evaporation and specific hydrological
characteristics of sandy soil [J]. Agriculture, 2020, 10 (7 ) :300.
W, B AR, KR TN, 5. A W e xSRI A BLER B AR A3 e i (T]. Al RS RL 22, 2013, 32 (05) ¢
1009-15.
ZENG A,LIAO Y C,ZHANG J L, et al. Effects of biochar on soil moisture, organic carbon and available nutrient contents in manural Loessial
Soils[J]. Journal of Agro-Environment Scienc, 2013,32 (05) : 1009-15.

B, (a4, BRI, 45 AW ar M B AR X S /K M RE R iR RO RIF 5 O] oh [ AR 43 4, 2011, 27 (24) : 207-213.

GAO HY, HE X S, GENG Z C, et al. Effects of biochar and biochar-based nitrogen fertilizer on soil water-holding capacity[J]. Chinese
Agricultural Science Bulletin, 2011,27 (24 ) :207-213.
ZHANG Y P, GU K, LI J W, et al. Effect of biochar on desiccation cracking characteristics of clayey soils[J]. Geoderma, 2020, 364:
114182.
FETie, RUIPE, ZRIEMY, &5, R RRFF A 9 5o 38K 53 A8 FZE K R (1. 7K R ARF5224R, 2021, 35 (1) + 294-300.
ZHAN S T, SONG M D, LI Z P, et al. Effects of different straw biochars on soil water infiltration and evaporation[J]. Journal of Soil and
Water Conservation, 2021,35 (1) :294-300.
GASKIN J W, STEINER C, HARRIS K, et al. Effect of low-temperature pyrolysis conditions on biochar for agricultural use[J]. Transac-
tions of the ASABE, 2008, 51 (6) :2061-2069.
FAE, AT, s, &5 2R AE W BT Ph., Cdig e R HERME SRR 1], T3R5 4R, 2018, 34 (04) - 835-41.
MENG LR, YU HD, YANG T T, et al. Immobilization of two biochars to Pb, Cd in contaminated soils[J]. Jiangsu Journal of Agricultural
Sciences, 2018,34 (04 ) : 835-41.
WRil AR, sk AB T, 7. A AWy R ek Jie S it (0], Pk B, 2013, 46 (16) : 3324-3333,
CHEN W F, ZHANG W M, MENG J. Advances and prospects in research of biochar utilization in agriculture[J]. Scientia Agricultura


https://doi.org/10.1071/SR13359
https://doi.org/10.3969/j.issn.1007-7731.2007.10.085
https://doi.org/10.3969/j.issn.1007-7731.2007.10.085
https://doi.org/10.1080/01904167.2019.1605379
https://doi.org/10.3390/agriculture10070300
https://doi.org/10.1016/j.geoderma.2020.114182
https://doi.org/10.13031/2013.25409
https://doi.org/10.13031/2013.25409

234 *r & 5 & # 135
Sinica, 2013,46 (16 ) :3324-3333.

[36]  E4Ab. ¥ b R IX - HEE FR T ORI S (AL T 9], T Rg A bR 4, 1984 (10) - 14-9.

WANG S Z. Soil nutrient element status and fertilizer application in loess hilly and arid regions[J]. Henan Agriculture and Forestry
Technology, 1984 (10) : 14-9.

[37] DELUCA T H, GUNDALE M J, MACKENZIE M D, et al. Biochar effects on soil nutrient transformations [M]//Biochar for Environmental
Management. Routledge, 2015: 453-486.

(38] XNy, 25, H¥kds, . WL A0 T AW 5 O =Onk e AT 0y B i 0 1 114 5 o) (00 A0l 9% 5 5 PR B8 24, 2020, 37 (4) -
544-551.

LIU Z Q, LAN Y, YANG T X, et al. Effect of biochar application pattern on soil fertility and enzyme activity under limited fertilization
conditions[J]. Journal of Agricultural Resources and Environment, 2020, 37 (4 ) : 544-551.

[39]  EPR#, ShoKkAE. 3k5E Bk IR o A8 A0 3 B B N x5 (). T g 4Rk, 2009 (20) - 55-56.

WANG Q A, GUO Y X. Analysis of cultivated land nutrient change and fertilization countermeasures in Huojia County[J]. Agriculture of
Henan, 2009 (20) : 55-56.

[40] LI B, HUANG W H, ELSGAARD L, et al. Optimal biochar amendment rate reduced the yield-scaled N,O emissions from Ultisols in an
intensive vegetable field in South China[J]. Science of the Total Environment, 2020, 723: 138161.

(411 RIS, SRFEHE, A3 B, 55 . R[]l 28 A W I e B P X K R A A B - 8 35 43 g s ) [T 4 vl K227 4, 2019, 38 (5) -
57-63.

CHEN F, ZHANG K K, GU 8 C, et al. Effects of kinds and application rates of biochar on rice growth and soil nutrients[J]. Journal of
Huazhong Agricultural University, 2019, 38 (5) : 57-63.

[42]  JIN Z W, CHEN C, CHEN X M, et al. The crucial factors of soil fertility and rapeseed yield - A five year field trial with biochar addition in
upland red soil, China[J]. Science of the Total Environment, 2019, 649: 1467—1480.

(43]  HEI5T5, R B, XUDGIR, 45 AW AR BRI AQ I - B 8E T AR 4y 2B IS BT 7 (90, /KRB S5 8E3F, 2022 (8) : 93-96+127.
REN F F, ZHANG J X, LIU X R, et al. Effect of biochar addition on farmland soil environment and crop growth [J]. Water Resources Plan-
ning and Design, 2022 (8) :93-96+127.

(44] 25, ¥, g7, A5, IR ML AN VEY AR 4 0T A 0 e P 1) i 7 A1 52 (58 it o kR (0] K R ARp 241k, 2022, 36 (5) : 916,
LI'Y, FENG H, LIANG J P, et al. Research advances of responses and feedback of soil properties and crop growth to biochar application[J].
Journal of Soil and Water Conservation, 2022,36 (5) :9-16.

[45]  ZEGCME, ERAR A, BT, S5, R RIAVE RS AT OB R 45 A Wy s e R G JB R AT (U] SRR, 2023, 44 (1) = 540-548.
LIJ K, QIU C S, ZHAO J Q, et al. Properties of biochars prepared from different crop straws and leaching behavior of heavy metals[J].
Environmental Science, 2023,44 (1) :540-548.

[46]  REYoA, Gttt W &k, 5. WA AE Y O AR AEAR 2R e e B A= BEARE A s ma (D). P bl =4, 2022, 31 (3) : 370-378.

TANG G M, HOU Y Y, PAN J L, et al. Effect of cotton stalk-char on root characteristics and physiological metabolismin cotton[J]. Acta
Agriculturae Boreali-occidentalis Sinica, 2022,31 (3) :370-378.
(47 RO, RO KRG X KRR 7 ik B AR IR I 5 0 (1] K B 5 7K TAR 244, 2020, 31 (4) = 199-207+15.

WU Z Z, YUAN B Z. Effect of water and fertilizer coupling on growth, yield and nitrogen use efficiency of rice[J]. Journal of Water
Resources and Water Engineering, 2020,31 (4) : 199-207+15.


https://doi.org/10.1016/j.scitotenv.2020.138161
https://doi.org/10.1016/j.scitotenv.2018.08.412

	0 引　言
	1 材料与方法
	1.1 试验地概况
	1.2 试验材料
	1.3 试验设计
	1.4 测定指标与方法
	1.4.1 土壤含水量测定
	1.4.2 土壤养分测定
	1.4.3 谷子地上部分生物量及产量测定

	1.5 数据处理

	2 结果与分析
	2.1 生物炭施用量对谷子耕层土壤含水量的影响
	2.2 生物炭施用量对谷子耕层土壤pH值和养分含量的影响
	2.3 生物炭施用量对谷子地上部生物量的影响
	2.4 不同生物炭施用量对谷子产量及其构成要素的影响

	3 讨　论
	4 结　论
	参考文献

