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1.1 R0

FH ()6 b S T b 2 AR b k1L P A ok
AP B BE AR FHES S, 8 T B8 R A R i 1 2 XU
g, WK 799.4 ~804.6 m, IR 9.7°C, F
PIRE/K i 440. 7 mm, HEET A, Hhl 11
iR 4, RHERARCRF L AL E L 14
g/kg, A 0.98 g/kg, AW (P) 5.43 mg/kg,
HUKHR (K) 243.0 mg/kg.
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HEAE i 345), IR AR i AR A B Dy [a] — b R
AR TESERRE R 3, SR AL I Ry T 1l P i A 5 Y el
FEK ., FR, R YRR & SR A B 5 % AR b
BLED O PO W D (1

1) 2011 FFEB (H4%23) 2012 4FEER (O
223) 2013 A (%2 23) —2014 4Emt (%
% 34);

2) 2011 A% (EZ23) 2012 4E K (F
HL81) 2013 4EE R (W44 23)

3) 2011 AF K (EHL81) -2012 st (F
723) —2013 FE Kk (HHL81) —2014 FERRE (F
Z34)

Hrp, 4b3 1) R 2012, 2013, 2014 4Fm i
YEALER ) Z39Ih%EE2, 3. 4 4F; 4bFE2) My 2013
ERFIEALEE; AbEE3) Sh 2012, 2014 FER9FefELL
A% 23 FIE 4% 34 (YT BE 4 0o 9. 75 N
15 A #k/hm?, e AE BRI THE BN 6 1 #i/hm®
2011 ~ 2014 4F 2Rk FAH [F) 09 4 P45 i, /N IX T AR
75 m’, RMEFRER 3 K, #ERTHEZK 900 m’/hm®,
AFWINEUERE; BUI0AE R 2013 4R 2014 A4 FH I
WK FR 3 50 g 453.5 F1342.9 mm, 4% H Gy FE7K &L
Bl 1, 2L 4 FEHIEK T4 N 225 kg/hm®, P,0; 60
kg/hm’, K,0 60 kg/hm®, #&FPAT 1/2 BYENE ., BEAC

JAEE NS A , AR TR EE, &
RS F 4 ~6 HIERN, 10 A 6 ~10 HISGER,
200 7 O20134F  E20144F
160 ]
AE 120 ]
i
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Jz(mﬁ-
0 5 | 6 | 8 | 9 |
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Bl SRETHEKE

1.3 DEE bR K7k
1.3.1 fakRIH A

A E IR A AN, 2013 AEF1 2014 4E 43 1
RS (T AT H) BER (8 AT H) . B
W (9 H 7 H) DU RLRE R ZE A B R T
s RN 3 AN, B/NKOE RN E 5 PR, I
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TR /N EUESE 5 BB SRR, S IRIIE
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FEXAEIR 80 A b bk, FEIBCIAT fY - 398 4 o 3 427 [l
=N, WA Perb ki AR R, I
FIRZK/ING e T s, SR WinRHIZO AR RIS
M RGEHATIR R IEAS A0 E D I DR Y &
%*E%Eé%ﬂ:, TESHEN TSR3 ~4 mm 7
IKRIIESZEERE DY, R A EPSON {3 iR
5, RBUR R EMG G H WinRHIZO #8 2 50 B 2 4o %t
FRE T o0, iR MR AR AR R
HAR, RIRESRR R B MR (<0.5 mm) | #
(0.5 ~4 mm) | KM (>4 mm), SRR
AR, R, AP, FERARAE, 105°C
P iEE, MERRAEYE,
1.3.2 S f A YRS s RO P I

2014 4E5rHITE R AR . BRI | RN
WOR IR AR T SBERE L SRAES Z2BREJZ 2 em 13,
%&E“S’%gﬁ%%o 20 em HYMR)Z L HEIFR

— By ISR 4°C I VKAE N ORAE, T

Ei%fﬂi%l_%, —# B4 KA 2 mm TR A
FHT D + SRS Tk

IR E B 2 SR AR RO
b SR P R 2 R

K H] minitab 15 SUEA ¢ 0 50 #1758 140 A &b
FHA] A 22 5 S

2 HRE5SH

2.1 RN RS A K R
2,11 E#AEXTE S AR A B
HE 1 ATLUEL, SRERE, EERR3

ﬁzﬂ%TﬂL%ik,ﬁw%\%T%%mﬁﬁ
TR (p<0.05), /5 ZAEN 73.8% .
88.4% ; SECAE LAY, MEAE X SR DY, A
W ERIZEML R i 3858 K (p <0.05),
SRR 61.7% . 86.5% H1 86.8% ; K 1]
HAE RS A AR E L TEAE (p <0.05), IMAE
TR AR I B2 S (AVER I A B Y
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B R ERRE (p<0.05), EEMCYRAEMN
60. 6% . SN HLABEAR 4 R4 R B IR bR
ZEHL, MmUY RE MR TRAE (p<0.05); S5k

VEHCEHRTT 0] . S A R S 30 ) A= e SR R 1
157.0% . 72.2% F140.9% , %EAE 4 4E 11 3 AR
iR

R BRAREREESREN TR EFE KM

- RS (em) 22 (mm)

T P W . N I

2013 #AE 114.2 +2. 4a 185.7 +4.0a 198.9 +4. 5a 23.5+1.0a 24.5 +0. 8a 22.7 £0. 8a
AR 84.3+1.2b 164.2 +3.6b 193.7 £3.2a 14.5 +0.5b 21.2 £0. 6b 19.7 +0. 6b

2014 §pfF 125.6 £1.5a 127.7 £1.7a 130.0 £2. 5a 20.5 =0.7a 22.9 £0.3a 21.5+1. la
A 109.5 +4. 8 111.5 +1.4b 112.0 +1.0b 16.2 +0. 5h 20.9 0. 6b 19.4 +0.3b

R (em?/8K) YR (1/hm?)

R AT it i 4] W i HEI I

2013 #fE  1089.7 +85.2a 5800.0+247.7a 4 074.4+213.5a 2.7 =0.4a 9.0+0.7a 25.4+1.7a
AR 357.4 +15.7b 4854.7£208.5a 3535.6+255.6b  2.6+0.1a 7.5 0. 1a 15.4 +1.9b

2014 BAE 1164.1+113.0a 7139.9£138.0a  6542.9+428.0a  8.6+0.5a 11.5 £0. 6a 25.7 +0. 6a
M 746.7 £62.0b 6621.3+197.0b 5655.2+147.0b  4.9+0.5b 8.3 £0.5b 10.5 +0. 4b

T [ —4E 0 [ AR 5= B3R A B A 22 575 p <0. 05 KPR, £ 4 6,

2.1.2  FEEXTESAR R A K AR

HEAE 4 FEHES W = AR H Ry 0. 087, TS AE
MYIEAR LR 0. 054, 3% i B % 15 0 AR R A K 1Y 5% i)
KXt BRI, A AT AR 4 A SRR
RAERMEMEE TR, EAE 4 T RIME T =R
WRAMER, 0~40 em RAMEY R RE M
HRARFR > BIA A SV 61.5% | 84.4% | 73.8%
TR AR R B BE R AN K, 3 — 25 43 BT 3% A X 4 458
FZRMRAZARARB A R, 0 ~10, 10 ~20,
20 ~30 F130 ~40 cm HAEM R AWt 530 e VR

70.1% . 42.5% . 57.9% M1 53.8% , WRFEHZE4E
BRI 90.7% . 81.1% . 82.3% F168.5% , HAAFIE
BAER79.8% . 63.8% . 73.4% M1 63.4% ; R
YEXT O ~40 em 2R AKEZ A BE, HEK
T30~40 em FEMRAKE, 5 b, #EEMRRE
YR R, RO AR RBURIR R A, XA
KEFEmE/N (F22), WNER3 ATUEW, EERIK
THA<0.5 mm fl > 4 mm R E | BEHREM
HAARFR, JoH EAR > 4 mm B RBYFEFRE R K,
{AXTEAEHR 0.5 ~4 mm 5 IR R SEEA M,

R2 EEEREXNSRVAERKNZM (ERH)

TIZEE (em)

HH sl

it
0-~10 10 ~20 20 ~30 30 ~40

WETE (g) i ( 19.4 £0. 4a 7.3+0.3a 1.9£0.2a 1.320.1a 29.9 %1.3a

AR 13.6 +0.3b 3.1£0.1b 1.1+0.1b 0.7 £0.0b 18.4 +0.5b
W (em) Ll (d 13 625.0 £41. 2a 7129.7 £29. 3a 3584.6+34.9a  4181.2+19.9a 28 520. 4 +157.9a
A 13 690.9 +50. 3a 7121.9 +£30.3a 3283.4+25.6a  3581.3+33.3b 27 677.4 £130. 1a
LA (em?) etk 3265.9+28.4a  1755.8+19.9a 783.6 +12. 1a 823.8 +15. 8a 6 629.0 £210. la
(s 2961.3£39.3b  1423.7+12.9b 645.6 £10.7b 564.5 13. 4b 5595.0 +133.3b

HRAKFR (em®) efE 82.1%4. la 36.5 2. 3a 13.9£2.0a 13.1 0. 8a 145.6 £ 10. 0a
A 65.5+2.6b 23.3+1.8b 10.2 1. 1b 8.3 £0.3b 107.4 £10.3b

e [T H RSN R B 3R A B 25 5 AE p <0.05 KR, £3, 6,
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=3 EESREMAEEESRBRALERKNFN
HARTY (mm)
it H biszH e
<0.5 0.5~4 >4
K (em) AR 16 727. 6 £310. 2a 11 234.29 £478. 4a 558.5 +30.2a 28 520.4 +157.9a
HAE 15 500. 5 £272. 0b 11 879.78 £538. 4a 297.2 +23.3b 27 677.4 £130. 1b
WERM (em?)  FAE 1 664.6 +49. 6a 4.043.20 +311. 4a 921.2 £20. la 6 629.0 +210. la
AR 1 564. 8 £59.3b 3572.43 £328. 4a 457.8 £22.6b 5595.0 +133.3b
AR (em®) Litd(a 14.3+1.7a 120. 87 +38. 4a 10.4 £1.2a 145. 6 +10. 0a
HAE 13.6+1.2a 86. 44 +38. 4ba 7.3+0.7b 107. 4 £10. 3b

201,33 FEAEX v SR d R A B )

Hie 4 T, SE/EME, mEREE PR
HEMARE (p>0.05), BEME3EM4 ERE
E R (p <0.05), PR YRR N

85% iAv o X i SRy AL Ik — 2B Ay T e A %
YEEZSZm T TR EA PR E (p<0.05), EfE
3 AT AR 43 RIS T 17. 8% F129. 3%
HAF 4 AR 53 HIRER T 16. 7% F1 12.8%

R4 BRIABREREESRIENEREMBAFNT

R Qb HE (J74/hm?) BRI E (g) THE (g) 7 (kg/hm?)
2012 1R 10.5 +0.2a 102.0 £3. 5a 34.4 £0.2a 11 457.0 £639. 0a
A 10.0 0. 2a 104.2 £2.5a 34.6 +1. 1a 11 673.0 +273.0a
2013 IR 8.3+0.2a 112.8 £2.5a 35.5+0.5a 9346.4 +151. 5a
A 9.9 £0.2b 79.8 +2.8b 29.2 +2.2a 7 906. 1 £334.5b
2014 AR 14.5+1. 1a 57.0 +0. 6a 19.2 +0. 1a 9133.3+126.7a
u(a 14.3 0. 4a 49.7 +4.3a 16.0 +1.0b 7 716.4 £435.0b

2.2 FEMEXT - EEREE AR I
2.2.1  EEAEXT AR XA P B 5

MNFS5 ATLUE R, SE/ERE, R, K
WIFEAEXT AN B R K (p >0.05), {HFE
TRE I 300 R RS S A A R AR R E R (p <

0.05) ; AT HWIRIRESR ISR 0 LA BCR W3 & T4e
fE (p<0.05), 4l AER 1.9, 1.3 1f%; HAEMK
BINEAHBEES (p>0.05); 1ERETLIKTTHIH
b PR PR 25 57, AR THE R0 R R S 1
VER R AR = T4 (p <0.05) .

x5 EESREXNTEREDHENZIT

B 4o 4NTA N} TETE At
(10°cfu/g T14) (103cfu/g 1) (10%cfu/g 1) (10°cfu/g 1)
Wi (g 4.7%0.1a 3.9 £0.4a 1.7 0. 1a 6.4 £0.2a
HEAE 5.5+0.8a 4.320.1a 1.7 £0.2a 9.2 £0. 6b
P BBAE 3.2+0.2a 7.7 +0.3a 0.9 £0.0a 4.1+0.2a
AR 4.8 £0. 4a 14.5 £0.5b 1.0 +0. 0a 5.9+0.5b
TSI i 3.8 £0.0a 3.9£0.9a 0.7 0. 1a 4.520.1a
A 2.3+0.2b 5.1=0.4b 1.0 =0.0b 3.3+0.2b
RS AR 14.2 £0. la 3.8 +0.2a 2.1+0.0a 16.3 £0. la
AR 10.4 £0.5b 3.9+0. la 2.5+0.0b 12.9 +0. 5b

e (6] — R 5 AN ) - RE R R Ab B 22 575 p < 0. 05 K- 3
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2.2.2  FEAVEXT L IEREE T AY R R

Fo XKW, SRAIELE, EAEXRX ;55
% T R DR Bt % MRV A 2 (p > 0..05) 5 = RIEAE
4 4R J5 1 48 v i S0 SUBE S T SR B M, 4
SIHCAAEF & T 14.7%  17.2% , 25k 8EK
F (p<0.05),

Fo BREME4 EXTIEEF M

e WL i AL S TR it JUR iy
(mg/g) (mL/g) (mg/g) (mg/g)

AR 1.1+0.0a 6.8 0. la 27.3x1.1a 3.9+0.4a

AR 1.2 0. 0a 7.8 +0. 1b 32.0+1.1b 4.3 0. 1a

3 ERSTE

3.1 FEEAEXHAE AR AR B i i R

HEAERR AR Z R Y LA R s 0>
S BRI Ay o SN 7 1, EL o S B e R
HAEZ D FERENS W L AR R AY, ABFI R,
EERBRAERSREMLLZAN MG (£ 1 ML
5), HEAE 4 AF X S AR K T AR 3 4R
(F 1) XEVFHT S FBCdise ™ % K & 0wt
5, BFEEEEERMSG M, 3% 1 AT
MRAERK B, ARV, mREE W
XEVE =g W N B3, HAE 3 X R R
s JF UG BB, XS5 E AR, = a bl
HEAEAE R A NI A S N R, R R AR
Ja AW AEA AT AR KRS AR R
5%, HAE A S EAEY AR AN R i R B
S, (AR AT Sy B 3% 1 AT BRI ™ 5t %
o FEARBEGE h N AE TR AR LR A,
HAE 4 RN TEESF (RS), XEHT
2014 AEAEF TR E, AU AL IR R )
B ATaMme A Ea) TRICK™E; Wik
EABHIER , 6 E 4 frad e+ 20, %R
FIE IR R L BU /N, DRIE, 204 B A b B
TR E RN R /N T AR 3 AF, EAERER T
SR AR TR L, (R SR T B A R, 3 B
HEAEXAR R A K W2 a2 B, (XS T4 T A
B SRR RL 1) 43 5% AR K

WHIN K, HAR <0.5 mm BRI TR FAK S
RIS AR e 5 P B RO, R 7 43 W A ) 3 R Ao
AP > 0.5 mm B RS AE BR R A IROE RO

KPS, Mk R R AR R R R I, 8
AR AR T e VR — e R L T A
B O(EA <0.5 mm) MARK, XTHSER (HEREN
0.5 ~4 mm) AW, SHMR (HAE >4 mm) )
MO, XRITEE R T AR R X IR 4 Ak
SYIARI, B RA SRS TORLAR i R AR A AR
RYITHFE AL
3.2 AR A SR W) Bl T A ) 5 )

FREAEBR FIAS [ /E T LA Y IX R K
SZMR, 3EH A YRR IR 3 i, R e
559, TIEPA S ARG FEAL, A F R AR 1Y
IO, dEGE, EE RS T P R
UM AR g, L R RE R R S AR R A
wahn, JUHAESR AR I OB (£ S),
XATRER T3 HIR B e, SR AR g
FL B B AR 2R, 456 FIH Biolog £ A X
TIE AR IR 2R A AT A R T A, K
TN ARER IS A Y SRR, YA
ARG TS, UL R SR AR A — B R R
UMY RS ER LR EERA FENE
1230 ST A e R W RO A, R R AR
ARG

- 8 sk Sk S RE A% O X A PR A g A
BEFEAE I AL S, R A A R AR
s MY R LR Y ER AT Lo b i S Ak
fifg, PR 3 b A M R S AR R I AR i R
ARG A DG, R B2 S A U AT
i, HIE MR DLRAE R IEAE ) KO b R B
SR T AR XT L IR M 52 i iy AW 98 45 2R N —
FHOR 10200 PR X b YRR S R
- S b RO G R S AR AR A W B AR T X
AR WA AR 10 4F L L, LHEd
TERHRG IS TETE R o A IS AT IY 45 R o s SR A 4
AR R EERERE AL A AR R S T
K- maeE, HIEHEATREA . B SEEFERA
K, TERNESE (4480) IS v BT A Y
Mg R R R A TR R, B
B (IR S R S - BT P i T, AR A
il 2 — Fh B SR AL A SR, 32 IR RUE M8
i AR ERE R, R EAE S T B AL
wiZ, HACGH ™ A nat A AL S 2 8Os T
s FRRGEAERIAE = 3, SR R A W ) B A B
N REREREER ML T RS SR, IR RN G
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YRR, 4TS B A, o i A1+
S 2 0 T S0 - S AT R AT 9.

4 Hig

ZiLRTA, S5 - SRR, EEE
R T it AR MR R A G, I HLERR T
PR ERREME 4 AF TP R AR LT,
H Al S ARG PR . X R AR 2
BEAGUEAL, X ATRES I B R EREUN R E A
Ko AWFFELIFEAE IR I, WFFEA [ AR 4 FR X vy
BELE R e HIEFRSEIIROM, v SRR A T Hp kK
JESRAE T —5E B
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Effects of sorghum continuous cropping on the growth of sorghum and soil environment

FAN Fang-fang' , WANG Jin-song”, DONG Er-wei*, JIAO Xiao-yan>* , DING Yu-chuan®, WU Ai-lian’, GUO Jun’, WANG
Li-ge® (1. School of Biological Engineering, Shanxi University, Taiyuan Shanxi 030006; 2. Institute of Agricultural Environ-
ment and Resources, Shanxi Academy of Agricultural Sciences, Taiyuan Shanxi 030031 )

Abstract: To study the effect of continuous cropping on sorghum growth, yield, the variation of soil enzyme activity and micro-
organism, the corn-sorghum rotation was employed as control. The results showed that a significant inhibition on growth and
yield was observed when the sorghum was continuous cropping for 3 years. The sorghum continuous cropped for 3 years signifi-
cantly decreased the plant height, stem diameter, leaf area and biomass, the difference was more obvious in 4 years. Sorghum
continuous cropping for 4 years also had a severe influence on the root growth. Particularly, in the depth between 0 ~40 cm,
compared with the index of corn-sorghum rotation, the root biomass, root length, root surface area and root volume collected for
sorghum continuous cropping were 61.5% , 84.4% , 73. 8% respectively of those of the corn-sorghum rotation. Meanwhile,
The number of fungi in continious cropping soil was 1. 9 times and 1. 3 times of that in rotation at jointing stage, and at the fill-
ing stage. There was no apparent pattern for the change of bacteria and actinomyces with continuous cropping for 4 years. Be-
sides, the catalase activities and invertase activities of continuous cropping for 4 years was increased by 14. 7% , 17. 2% than
that of the rotation cropping. It included that the sorghum continuous cropping restrained the growth of sorghum, and significant-
ly impacted the soil microflora and enzyme activity.

Key words: obstacles of sorghum continuous cropping; growth of sorghum; yield; root morphology; soil enzyme activity;

soil microbe
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Effects of biochar on stalk characters and yield of maize

TANG Chun-shuang, YANG Ke-jun™, LI Zuo-tong”, WANG Zhi-hui, ZHAO Chang-jiang, WANG Yu-feng, ZHANG Yi-
fei, XU Jing-yu, WANG Cong, FU Jian, ZHANG Fa-ming, YANG Xi-ling, ZHANG Wen-Chao, ZHANG Jing, CHEN
Tian-yu, WU Qiong, ZHANG Peng-fei, FAN Bo-wen (Key Lab of Crop Germplasm Improvement and Cultivation in Cold Re-
gions/ College of Agronomy, Heilongjiang Bayi Agricultural University, Daqing Heilongjiang 163319)

Abstract: Field experiments were conducted to study the effects of different amount of biochar application (0, 10, 20, 40,
80 t/hm®) on potassium content, stalk morphological characteristics, stalk quality and yield of maize. The results showed that
soil applying biochar increased potassium content in each internode of maize stalk, and biochar application resulted in dwarfing
of the 3rd ~ 5th internodes at the lower part of maize stalk, increased stalk diameter, enhanced stalk elasticity and rind punc-
ture force, increased dry matter accumulation, and strengthened stalks. With the increase of the amount of biochar applica-
tion, the effects on potassium content, stalk characters and yield of maize all showed the trend of first increased and then de-
creased. Biochar applied at 40 t/hm’ was the optimal application rate, leading to a yield of 13 261 kg/hm’, which was
25.99% higher than that of the control. When biochar application was at 80 t/hm’, its improving effects on polassium con-
tent, stalk morphological characteristics, stalk quality and yield of maize slightly declined.

Key words: biochar; maize; stalk characters; yield
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