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Effects of Vermicompost Co-applied with Urea on Root Characteristics
and Humus in Rhizosphere Soil of Cowpea

JING Dawei WANG Mingyou ZHANG Hong LI Shiping
(College of Ecology and Garden Architecture, Dezhou University, Dezhou 253023, China)

Abstract.: A field experiment was conducted to explore the effect of vermicompost on the root absorption
characteristics and humus composition of cowpea rhizosphere soil. The effects of different treatments,
i.e., CK (neither urea nor vermicompost was applied) , CF (100% of nitrogen was provided by urea) ,
VC(100% of nitrogen was provided by vermicompost), and VC + CF ( vermicompost and urea each
provided 50% of nitrogen) on soil physical property, root activity, root morphological characteristics and
root exudates, as well as humus composition in the rhizosphere soil of cowpea were studied. The results
indicated that in comparison with CF treatment, the VC and VC + CF treatments evidently decreased soil
bulk density, and significantly increased soil total porosity, capillary porosity and non-capillary porosity.
Different fertilization treatments had no significant effect on root characteristics and humus composition in
the rhizosphere soil at the seedling stage of cowpea. While at the stretch tendril period and flowering and
pods formation stage, VC + CF treatment significantly increased root activity and obviously increased the
total root length, specific root length, root surface area, root volume and root tip number, while the root
average diameter was apparently decreased compared with CF treatment. The root surface area in the
VC + CF treatment was increased by 144.88% , 80.73% and 36.82% at the flowering and pods
formation stage compared with the treatments of CK, CF and VC, respectively. Meanwhile, VC + CF
treatment also significantly increased the contents of root exudates and humic acid, and increased the
ratio of humic acid to fulvic acid, showing 45.19% , 37.06% and 7.69% increases in humic acid

content over the treatments of CK, CF and VC at the flowering and pods formation stage, respectively.
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Additionally, the VC + CF treatment could significantly increase yield and improve quality of cowpea,

which had statistically significant differences with other treatments. Along with the extension of cowpea

growth period, the impact of vermicompost co-applied with urea on root growth and soil physic-chemical

properties of cowpea presented a gradually increasing trend. As a result, the application of vermicompost

co-applied with urea was beneficial to root absorption characteristics and humus composition in the

rhizosphere soil and soil nutrient-supply capacity improvement as well as growth with high-yield and high-

quality of cowpea.
Key words:
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Tab.1 Effect of different treatments on soil physical properties of cowpea field

b3 FIAETE/ (grem ™) SALBRRE/ % BEILBEE/ % EBELBSE/ % EBELBE S BEBRELL
CK 1.38 0. 02" 47.92 £0. 43¢ 31.23 +0. 68° 16.70 +0. 26" 0.53 0. 03"
CF 1.32 +0.02" 50.19 0. 85" 33.12 £0.71° 17.07 £0. 32" 0.52 0. 06"
VC 1.19 0. 03¢ 55.09 +0. 62° 35.91 £0. 33" 19.18 0. 49° 0.53 +0. 06"
VC + CF 1.21 £0. 03¢ 54.34 +0. 46" 36.01 0. 25° 18.33 0. 52° 0.51 0. 05"

T B NI ME = dRE2E , IR S B R A TR /N 5 B e 7R AL B ) 22 57 2. 3% (P <0..05) , Rl o

2.2 REFEN
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Effect of different treatments on root activity of cowpea
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CF b P$E & TULEMR R FH EHE,H S CK 43
JoEMEZE S W VC.VC + CF 4b ¥ i 3% ik T CK
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Tab.2 Effect of different treatments on root morphological characteristics of cowpea

EEM JiE: BRK/em WK/ (em-g™')  HREH B em® AR em® HRREL T HAE/ em
CK 236.76 £52.63"  173.85 £4.92"  327.89 +75.82"  6.53 +0.80" 109 +18° 0.72 0. 03"

-~ CF 251.59 £38.76°  179.67 £5.09° 358.95 +106.55°  6.49 +0.67° 116 +29° 0.75 0. 03"
Ve 279.32 £29.68°  175.06 £2.56°  383.26 +96.17°  6.61 +0.39° 112 £31° 0. 69 0. 04°

VC +CF 263.08 £32.15*  173.49 £4.27* 396.17 +126.98"  6.47 +0.32" 107 £22° 0.71 £0.02°

CK 352.26 £65.09°  179.65 £2.18"  525.02 +37.14°  10.16 +0.89° 228 +20" 0.76 £0.01°

P CF 489.55 £32.57"  185.27 £5.22"  618.73 £29.05"  14.53 =1.36" 241 + 15" 0.75 £0.01°
= Ve 676.93 £102.35"  214.92 £2.81"  936.58 £69.51*  18.29 =0. 93" 297 +23* 0.68 +0.03"
VC +CF 691.67 +89.81"  217.59 £3.96"  978.09 +76.33*  19.05 +1.02" 316 £19* 0.66 +0.03"

CK 597.58 £39.79%  183.31 £3.95" 708.23 +128.65'  16.55 +1.43° 327 £26° 0.79 £0.02°

- CF 722.39 £85.50¢  187.63 £1.82" 959.62 +102.96° 22.76 +1.08" 339 £15° 0.81 0. 03"
Ve 936.06 +41. 64" 218.71 £3.16* 1267.58 +116.37" 23.93 =1.22" 385 23" 0.72 0. 02"

VC+CF  1069.52 +63.21* 223.28 +2.07* 1734.29 +156.05* 28.05 0. 87" 459 +18° 0.63 0. 03
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(] Y 22 S S R GR W KT o Bl AR B AT AE S
JEWIRS,VC + CF Ab B s FL i e AR B it 5
OB AR e, BB S T AR B A R
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AR A AR S S RS CF A 22 i R Gk
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FHLG, CF AbFEE B W 52 oy SO & &, T 0] 20 2k R 8
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Tab.3 Effect of different treatments on root exudates

of cowpea
AAERSR,  AHVREAR/ Juy s v
RN Ab R y B .,

(mg-kg™) (pg-kg™) (mg-kg™")

CK 0.27 £0.05"  5.3920.98"  6.22+1.18"

CF 0.25+0.06"  5.46+1.05"  5.851.36"

P Ep ] ) . .
Ve 0.36 £0.10°  5.61 +1.22° 6.69 +0. 85"

VC +CF 0.31 £0.08"  5.72 +0.76" 6.38 £1.03"

CK 0.63+0.12°  12.62+0.86"  14.92 +0.69*

. CF 0.87£0.05"  13.15=1.28"  15.17 +0.82°
CiE=3| , . .
Ve 1.02 £0.05*  18.29+0.90°  15.79 +0.95°

VC +CF 1.13£0.07°  19.86+1.16°  16.08 +0. 63"

CK 1.12£0.08"  18.07 £1.32°  12.56 =0.72°
FriE4s CF 1.18 £0.05"  19.79 +2.10°  17.98 +1.06"
¥ Ve 1.25+0.14"  25.83+0.95" 19.30 +1.27"
VC +CF 1.63 £0.08"  30.26 £1.09°  25.17 +0.95°

A F IR HERE UL S AR R I R R
Ak 3, AS TR) it A 48 it X O AR AR 0 ) A R RE R
3 2 G T B VR AT, i ] 26 0 i R = AR i T L S AR
FEAE L5 JE AL R 4 WA & = ) B S 15
2.5 RERTEEBERAK

- B e A T bR A ERORR LR LR AR B A L
S AR LR o A it I Ak P RS [ R B i AR
ST AR o A S 5 R e T R Ak T G o 5 2 AR
AL e 52 e 3 AR R A RS R IE IR JIE Pk R

(4 ATLEL 4B, & a0 3 22 6] 1)+ 35
BT A A DLW 0 7 A 5 7 v 1, 5 0 BROME LG it
JIES Ak B dl 2 4 T A R B L H BORR Bk (HA) AR
HPRRxR (FA) s MAE 3 M IEAL# H, VC + CF Ab 3
4 O IR ok A RO Bk R LR S VC b B 22 ROR
BE HEFEST CF AR, [FEar i, 3 A4 e 40
PRASXT B B 48 5 7 HA/FA {H ,{H CF . VC 1 VC +
CF fb PR JC &2 5. A4S TR, A
TFAESESEWIIE VO bR B R kW v T A b
BELMIEE R RS VC + CF b 22 A B2 (H B 3
T CKf CF ¥, Mg 4 87 A, 5 CK M,
VC + CF Fl VC b1 & 2 BEAIK T A 80K B 5 5 58 IR
e i) LUAE, o VC + CF Ab PGk e IR, 9F 1 A% T
VC Ab#; [RIES, VC + CF F1 VC b BB B 38 & 1 A A
Rt B HL R, P VC + CF A B pY A SR 1 2%
T H A 4b B, 4> B H CKLCF 5 VC 4b B4R &
45.19% 37.06% F17.69% , WAk, VC + CF &b B iy
HA/FA (B, 45 H CK .CF F1 VC kb B G 2% 5
24.13% 21.99% F1 15. 77 % , 1fij Ll b B i) 35 24 5
AN E AT L a5 2 55 PR 2R O A L BR it Ak
JES T LA e AV ST 5 o 1 R 6 25 € 1A 1 ) A 3 ik
55T B R e LT , I 44 v R L 2 e R A AR ke , [+
WREPE = HA/FA H, Xl Re UL G M AE KA
K, AL AT BB 5 HE R AT — o 1 I

®4 AELEBENAEREFETEEERAS BN

Tab.4 Effect of different treatments on humus composition in rhizosphere soil of cowpea

i . iR VA N e Ve ke iR VA - N e v IR K 5

-7}
(g-kg™h) (g-kg™") JE B R A 7 = L (g-kg™") (g-kg™") GRS

CK 2.95 0. 08" 1.65 £0. 06" 1.79 0. 06" 0.69 0. 08" 0.96 +0. 10° 0.72 +0. 07"

CF 2.87 +0.26" 1.63 £0.09° 1.76 £0. 10" 0.70 =0. 03" 0.93 =0. 02" 0.75 +0. 05"

FANTREL| ) ) .

Ve 3.02 £0.15° 1.71 0. 12° 1.77 0. 09° 0.75 +0.03" 0.96 +0.09° 0.78 +0.05°

VC + CF 2.93 +0.20° 1.76 0. 05* 1.66 +0.05° 0.77 0. 06° 0.99 +0.05° 0.78 +0. 04°

CK 5.08 £0.39" 2.12 £0.08° 2.40 £0.07° 0.93 £0.05° 1.19 £0.03° 0.78 0. 02"

p— CF 5.42 £0.31" 2.40 £0. 13" 2.26 £0. 04" 1.09 0. 06" 1.31 £0.03" 0.83 +0. 02"

=7 VG 6.85+0.17° 2.69 +0.05° 2.55+0.11° 1.24 +0.03* 1.45 +0.04° 0.86 +0. 04*

VC + CF 5.29 +0.52" 2.62 +0.07° 2.02 £0.05° 1.22 +0.07° 1.40 +0.05* 0.87 +0. 03"

CK 9.16 0. 09" 3.06 =0. 05" 2.99 0. 08" 1.35 0. 11° 1.71 0. 06" 0.79 =0. 02"

» CF 9.27 0. 35" 3.21 £0. 18" 2.89 +0.07° 1.43 £0.07° 1.78 £0.05" 0.80 0. 03"

PAR (R 3 ) . b ! |

Ve 10.39 +0. 28° 3.97 £0. 06" 2.62+0.12" 1.82 +0.03" 2.15+0.12° 0.85 +0.05"

VC + CF 9.23 +0.20" 3.95 £0.10° 2.34 £0.08° 1.96 +0.05* 1.99 +0. 08" 0.98 +0. 03"

2.6 EIEFESMR

35 Al L, 5% R CK A0 e, 4% it AE Ab 28 324 B
WHRE TILE 7, o VC + CF AR 7™ i e ey
IF B T H Al AR, 4300tk CK L CF 1 VC 4b 3 iR
YL 36.14% 23.71% F1 9. 46% ; H ik Ky VC b
LT CF B, CF ARFEAR EL CK i 3 51

MAE R C AR R AT E A S R T B
PoOH PR R Con IR IR 25 R B OK R
7T T 451 S 1) 2 S A BRI T e v T SR Y A
fabR i, o VO + CF AR BAY 4R 3% C ol PR
TR AR A R G T AL B, 2 g L CF
AL PR & 43.03% \42.10% F121.93% , ILAh, %54k



51 R 45 . i 051 38 Tt PR 28 % UL AR R R AR 5 AR B TR 1) 5 217
x5 ARALENAEFES5SmRMEMN
Tab.5 Effect of different treatments on yield and quality of cowpea
4iER C R/ HER L & i/ CIRGR e v RS e 4= ien v
Ik 7 i/ (kgohm =%) o o o -1
(mg-kg™") (mg-kg™ ") (mg-g™") (mg-g™")
CK 16 950. 57 +286. 391 179.28 +9.05° 352.71 =18. 09" 12.95 +0.48° 5.89 +0.29°¢
CF 18 653.26 +190. 25° 158.93 +6.90¢ 416.08 +12. 63" 11.45 0. 30" 5.79 £0.21°
ve 21 081.95 £239.51° 201. 65 £6.32" 302. 85 £9.76° 15.02 £0. 61" 6.54 £0.09"
VC + CF 23276.18 +168.27* 227.32 +8. 18" 269. 43 +10. 28° 16.27 £0. 35" 7.06 £0. 13"

B E S 1 i R k& & e R BN HEP : CF (CKVC
I VC +CF, H AL 3 8] 22 5 435 1 2 KF, Hirp VC +
CF 4b ¥ 43 5t CK,CF il VC &b BRI 23.61% |
35.25% A1 11.04% . f1 LL_E 40 B mT 60, iz 5] 2% i it
PR 2 0] Utk 4 v O o, O A A AR TR

3 itig

WAL T — BT, 5970 WA R 25
VAR AR T T A OKF 20 T 20 KCF B A iR
S5 R D RE I 22 A 3 MR O FE R A R IR AR
PIR AL S FRAE (AR R A AR ) 5
P BI SR 5 K o0 R R AT AE 8 3 s e 38 A A O
WO R e TR R T
BRI W it T A PR AT LA AR R A
KOOFRERFRSEVHRR LS TRE. ARG
H L T AL 25 34T, i 0] 24 I i PR 3R A5 it A JE fE P
BIRFILE AR RN, H 85 06E T Il SRR R
FEASRHE, BRI | AR R 3R T AU R (A BR324 1]
T U 8] 2 S UR R E A R 1 ISR AR
A o FEH R R 7E T - (D B 3591 36 19 e T 2 =25 IR AIG
THEAE JFREV R IR & A BALBE BE AL
B HE RO B AT FL IR E i 1 Jd E R i e A
P A 2 st , AT O B SRR AR B A A T A0 Y
THEASE . Q] AEJE o TSI S SR AL T W AL
B, AT R SRS C/N Fb, BT XoF S A B A
T 5 LTS LA A IR B0 AT B AT 5% i R
) I, A BT TSR A 1 T5C it i 451 2 R Y I e IR B S AR
R EAR, AT AR S 0 W] 2E RE 5 5 L3 B AR
A BN A 5%, 33X X T 4 i B R SR K Y I
WA T AT BN O

MBI LI AR 3R B 5038 1 £ L3
AE, AT DA B SR TR AR W 5 4 2R R AF REAE A
HEAS A A ST 1] R AT AR T BR 9 AR T, 9 A5 W97 1] AR
Sh oy WICHL A HL B, BUAR R 0 W . AS WE 5T R
W, 2 L R AT AESS S e it e 051 2% 50 0 i A
AE AT R R UL AR R W P R R B R AL
el ik OB O X A A X v I B
ZEVE AL, 2 By Tt P s 3 RE W I 4R R UL R

(9 HR 235 7, I AE T3 03 AR AR TR S R AE , M T B
FR T ISR R BOE S AACEE R . R
TR LR B 1 T RE R IR B - 48 pH fH, XA
A 34 0 B 0 R 0 2K B T A I R T T 4
AR PR 4 R 3R B T A i A O X
Bl B0 O 0, % T L B A 4R B T
SRR AR T M 2T AR S R A R AT 1 2
S —HLZ 3 W Wy 4 22— LB b 3R 4y B T R
AR R i BE R R AR R A KT R
PEIRER

T B B AT A B AR ) K B B R —
T JES AR HA/FA 2 HA i 4y o A B 515
T L TG MLCE TT LA 0 R R R R
i, HAET R HA/FA 9 TF 65 . ARSI, Bl it
I ) 248 A P A S A AR R T L A T AR 4 SR
b - 8 o R B R L WD R A B M HA/FA . X5
XI5 FR A X & A BE R SIS A — B S HTIA
Sy, %k 5 T T ) 3 G P ok T ks B
HRFNGL TR T A B AE 3858 T A R, MR
R R WIS 2 BB M X TILERRES
FRAE R ZR 4 WA ik LA T 5 B I 2 IR 2 I O I
ST R — B . R AR SE B S R B %
PR 1 B 3 Sl 0 T 5 AR 20 T T 8 AR A 1 4
RN, 0 B S T O AR g R R 2 — . A
TR 045t i 05 26 Tt 8 % 00 0L 1 % L R
WA T At AL T 33k 32 W AR 2R A AF A0AR B 1 39
B J5T 2L 1 B , RE SR B W O AR 2R L R 4R TR
B - 3 9 (AR B, A B T4 0k B0 S0 A R A
Koo AT RUHEN , T 5 M 2 5 0 5 AR B A 5 R 4
JIR G A R R B R R R K N E N R
A, 7 [ it 485 G o BT 5 7 7 [ A 7 300 AR R A AE
AR B B WA A — 25 5, B R
(9 Z2E K, e P A 051 2 1 £ P Ak Sl b T . X —
07 T 5 8L 0 A KR R LR R O S —
1 T RE L i TR 2 R DA HLUE S O £, BHAE
— B RRAE 0T BRI TR UL A K RS A
SR IR o UL BRIE T 05 36 15 R 200G B g
Tt F2 TL GLAE &Iy 30 RN i 0 0 SR A 1 5 oK O HL



218 & Ml

U

2017 4

AT AEAE S ] ikt BE 5 PR AT 78 A2 19 5% 70 (16
4 £k

(1) it FH i s 246 A P i £ AE RE 2 5 IR L
P U AR R AL B SLB L B
fLBLE

(2) FE4h 31, A [] 7 AE 85 7t % 51 2 AR 2 R ik
AR s e S8 J35 51 T3 2L 8 ) 32 Wl AN B A, 5 T 7 A
FIITAELE I3 , e 951 2 55 R 2% 160 7t AR e 5 it £ JE )
B P EL AR R TG 1, OF B 0 B SR BAR
KOO R T R BURIAR IR, TR R AR

IR A

(3) e 451 S C fti R 2 WY o 4 1 L AR PR A
PR I O B, T 4R T HA/FA (H, K
rh A RROR 5 St ) BN R B T I R e ke ) 2 Ab
FH A 55 45.19% 37.06% 1 7. 69% ; [R5l B+, 1% Ab
BT B S UL, B O L, LR AR
LT HA L2

(4) b5 UL & A 300 A 4 2 e 5] 2 G it IR R
(0 5% eV T2 i 8 R o R A A T G B LR AR
FRE M FNAR PR - 18 T8 5 5T 4 B, 3 i 39 1 Ik E
R, A B T2 o 0T 2 AR KO3 = R0 .

10

13
14

2 £ x W

SRR KA &, BIRH, SF OCR B TXT — 0136 % 1 3¢ FNEL & A K 1 5w K @ B AE T[T ] o B ol B4, 2016,
49(16) :3152 -3161.
ZHANG Binghuo, LI Hanquan, LUO Juanyan, et al. Influences of actinomycete strain JXJ — 0136 on the growth of Brassica
chinensis and Vigna unguiculata and its phosphate solubilization [ J]. Scientia Agricultura Sinica, 2016, 49(16) :3152 -3161. (in
Chinese )
B e, LA, RS L, 4F . 2028 SR A MR BT R A R BUER R IE AR AR BIF ST [T ] AR kO A2 4R, 2016,
24(7) : 902 -909.
HAN Yanlong, JIN Fansheng, ZHENG Pushan, et al. Nutrient restrictive factors, nutrient absorption and accumulation of red
kidney bean [J]. Chinese Journal of Eco-Agriculture, 2016, 24(7): 902 —909. (in Chinese)
FIIE I 45, X074 55 B AN AR BE I AR A B 2 TR A DU B R PR R A [T ] Al TAR%4H ,2016 32 (H4T) 1) <124
-131.
JING Dawei, XING Shangjun, LIU Fangchun, et al.
improving soil active organic carbon and carbon pool management index[ J ] . Transactions of the CSAE, 2016, 32(Supp. 1) : 124 -
131. (in Chinese)
XU T7 A I 2, S bk, 55 AR P T A HOMR BR - SO SR R AR SE i [T ] A mOMOlk K% 241 ,2012,34(5) :100 - 104.
LIU Fangchun, XING Shangjun, MA Hailin, et al. Effects of bio-fertilizer on micro-environment characteristics in winter jujube
rhizosphere soil [ J]. Journal of Beijing Forestry University, 2012, 34(5) :100 - 104. (in Chinese)
ST, FARN TR, % v R SO S BRI )] AR B L 2011(6) 64 - 65.
PENG Zhiping, HUANG Jichuan, YU Junhong, et al. Effects of foliar application of monosodium glutamate wastewater on yield
and quality of Chinese cabbage [ J]. Guangdong Agricultural Science, 2011(6) : 64 —65. (in Chinese)
EBVA LI RHE TR L, S5 hi 15 8 X0 5L 5 4 S0 A P M SR s e [ ] A%k 2= 4k, 2016, 30(7) - 1404 - 1410.
WANG Mingyou, JING Dawei, ZHANG Hong, et al. Effects of vermicompost on active organic carbon and microbial activity in
cowpea soil [ J]. Journal of Nuclear Agricultural Sciences, 2016, 30(7): 1404 —1410. (in Chinese)
TG, Fob, XUV, 5. AR 0 05] 28 K i 051 25 i 0 Rk X0 v 0 0 0 - B A e R0 [T ] A [ Al K224 4, 2015,
20(5) :89 -94.
WANG Fuyou, WANG Chong, LIU Quanqing, et al. Improved effect of humic acid, earthworm protein fertilizer and vermicompost
on coastal saline soils [ J]. Journal of China Agricultural University, 2015, 20(5) :89 —94. (in Chinese)
BAHLEE, IMIREY, FhK T, SE. ARSI BRI I RS S HUEE R [T]. R A28 %), 2004, 15(8) : 1358 - 1362.
HU Yanxia, SUN Zhenjun, SUN Yongming, et al. Earthworm feces-induced systemic resistance of cucumber against anthracnose
[J]. Chinese Journal of Applied Ecology, 2004, 15(8) : 1358 —1362. (in Chinese)
P 26k, IR A . i 951 2% 22 A A AT LB AR RAE AT [T]. M 8 57 SRR R 4R, 2016, 22(3) : 759 - 767.
TIAN Geilin, ZHANG Lusheng. Alleviation of vermicompost to obstacle in sterilized continuous cropping soil in strawberry
production [ J]. Journal of Plant Nutrition and Fertilizer, 2016, 22(3) : 759 -767. (in Chinese)
COSTA C, DWYER L M, HAMILTON R I, et al. A sampling method for measurement of large root systems with scanner-based
image analysis [ J]. Agronomy Journal, 2000, 92(4) :621 - 627.
TRACRE, XU AR A, AR, S T R S TCHUIE BC i X 1 107 BREAG IR0 1 L5 NE S msgm [ J]. Aol Bl 2%, 2011, 47(9) -
158 - 161.
ZHANG Jingmin, LIU Chunsheng, YE Guimei, et al. Populus x euramericara cv. ‘74/76° nutrient content and soil fertility

Applied monosodium glutamate wastewater promoting poplar growth,

affected by application of humic acid with inorganic fertilizers [ J]. Scientia Silvae Sinicae, 2011, 47 (9):158 — 161. (in
Chinese)

WANG Xiaoping, ZABOWSKI D. Nutrient composition of Douglas-fir rhizosphere and bulk soil solutions [ J]. Plant Soil, 1998,
200(1):13 -20.

B £HERA AL AT I LML JE s o E AR BB A, 1999 :24 - 214,

O R ZE, X007 A, S wE T IO O K R) K A A bR T S A MR R S R s ()] RO AR 2 4, 2015,
31(14) :116 —122.

JING Dawei, XING Shangjun, LIU Fangchun, et al. Border irrigation co-applied with super absorbent polymers improving soil



513 O S5 i 951 FE 0 PR 2R % B SR R R AR 5 AR PR e B A S 0 219

15

16

17

18

19

20

21

22

23

24

25

26

27

physical characteristics and increasing microbial activity in poplar forest [ J]. Transactions of the CSAE, 2015, 31(14): 116 -
122. (in Chinese)

KRR, E2ENL. BRI J) BOBOS AR A [ 3 A AR AR [T]. e b AR 23R, 2005, 14(1) : 137 - 141.

SONG Haixing, WANG Xueli. The space distribution of the maize root activity and its absorbing area [ J]. Acta Agriculturae
Boreali-occidentalis Sinica, 2005, 14(1) : 137 —=141. (in Chinese)

FE IR REL, 2P WRORS I 5 A AL IE X TG AR 3% e 1 55 AR B 038 8 A ST AL A 5 i [0 ] K - AR R Jd 41, 2015,35(5) -
205 -210.

WANG Mingyou, ZHANG Hong, LI Shiping. Effects of monosodium glutamate wastewater manure on root characteristics and
humus composition in the rhizosphere soil of watermelon ( Citrullus lanatus) [J]. Bulletin of Soil and Water Conservation, 2015,
35(5):205 -210. (in Chinese)

WA, ik, R, F ARBENEEAMAERSAEZMAM LI L]/OL]. L LRk, 2016, 47(6) :129 -
138. http: / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx? file_no =20160617&flag = 1. DOI;10. 6041/j. issn. 1000-
1298.2016.06.017.

YIN Minhua, LI Yuannong, LI Hao, et al. Effects of nitrogen application rates on root growth and nitrogen use of summer maize
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(6) :129 —138. (in Chinese)

TER ik, AT88, sk 5, S R SR 5 R L UHEXS AR IR AR X H R EE M [ /0L ] L L =4, 2016, 47(3) .
131 - 137. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20160319&flag = 1. DOI; 10.6041/j. issn.
1000-1298.2016.03.019.

WANG Kexin, FU Qiang, ZHANG Zhonghao, et al. Effects of straw mulching mode and tillage methods on soil environment of
root zone in northeast black soil [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(3) :131 -
137. (in Chinese)

H/NE, JEEW, %0t , 5. TR ISR O f 7 20 R A R AR A AR R LT ] E Rl R AR AR, 2016,
21(8): 19 -26.

XIAO Xiaoping, TANG Haiming, TANG Wenguang, et al. Effects of different fertilization modes on biological characteristics of
spring maize in red soil upland in southern China [ J]. Journal of China Agricultural University, 2016, 21(8): 19 -26. (in
Chinese)

BRI, TN, W, 5 OB G R PR 2805 220 R ) AR B A BB B B sg e (1] P RO B, 2016,
49(5) .874 - 884.

JIAO Yujie, SANG Yujie, YANG Lei, et al. Effects of fresh and composted Ageratina adenophora on physiology of three
solanaceae vegetables and yield and quality of pepper [ J]. Scientia Agricultura Sinica, 2016,49(5) :874 —884. (in Chinese)
PR, R A, BCHERE, SE A HLIE 500 R X AR A AR R BT B SR AR RS2 M [ J/OL ). Ol MR E 4R , 2015,
46(10) :184 — 191. http: /] www. j-csam. org/jecsam/ch/reader/view _abstract. aspx? file_no = 20151024 &flag = 1. DOI: 10.
6041/j. issn. 1000-1298.2015. 10. 024.

LU Lilan, YANG Xinquan, ZHAO Shixiang, et al. Effects of compound application of organic and chemical fertilizers on growth,
quality of Pogostemon cablin and soil nutrient [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015,
46(10) ;184 —191. (in Chinese)

HIHR IR 4. XS 3 5 A NE AN [R) T L %0 A7 4 1 AR s 398 W A0 304 W ke VRV AR OS2 e [0 ). A0 8 97 5 IR R 41, 2013,
19(2) .455 -461.

JING Dawei, XING Shangjun. Effects of chicken manure mixed with inorganic fertilizer on soil enzyme activities, microbial
biomass C and N at rhizosphere of poplar seedlings [ J]. Plant Nutrition and Fertilizer Science, 2013, 19(2): 455 —461. (in
Chinese)

BERTIN C, YANG Xiaohan, WESTON L A. The role of root exudates and allelochemicals in the rhizosphere [ J]. Plant and
Soil, 2003, 256(1) :67 - 83.

ORI, EWA, TRAL, 45 X8 ZE RS 25 S 0 A L S A0 B E M 5 I A R AR Bl s e [ /0L 1. ROl AL 2 41, 2016,
47(8): 192 — 200. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 20160824 &flag = 1. DOI: 10.
6041/j. issn. 1000-1298.2016. 08. 024.

JING Dawei, WANG Mingyou, ZHANG Hong, et al. Effects of chicken manure co-applied with nitrogen fertilizer on soil organic
carbon oxidation stability and carbon pool management index in kidney bean/maize rotation soil [ J/OL]. Transactions of the
Chinese Society for Agricultural Machinery, 2016, 47(8): 192 -200. (in Chinese)

A, MOk, BAAOE. A PUIE 5 Ak N0 A 6 2 AR R R SR Ay 52 [ J/O0L ). RV LA ¢ 4, 2015, 46(2) : 64 -
69. http: / www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20150211&flag = 1. DOI. 10. 6041/j. issn. 1000-
1298.2015.02.011.

LI Pingping, LIN Yongfeng, HU Yongguang. Effects of compound application of organic and chemical fertilizers on growth,
quality of tea plants and soil nutrient [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(2) .
64 —69. (in Chinese)

BRI, BRE %, ABEEWL, 55, bl F M 51 26 00 B i 0 A RS AUE SRR IR R 2S5 U R g [T ] b E g S50,
2016(3) : 105 - 109.

LI Xiaona, CHEN Fucai, ZHENG Pufan, et al. Effects of vermicompost on potassium nutrition and agronomic traits and economic
traits of flue-cured tobacco in southern Shaanxi Province [ J]. Soil and Fertilizer Sciences in China, 2016(3): 105 - 109. (in
Chinese)

B, BFE, AR, G5 MBI SRR YA MU XS 3R 0 R B RO R AR LT ] AR, 2011, 42(5) : 1179 - 1183.
LI Huan, XIANG Dan, LI Xiaolin, et al. The regulation of verticompost and microbial organic fertilizer on soil nutrients and

summer maize yield [ J]. Chinese Journal of Soil Science, 2011, 42(5): 1179 —1183. (in Chinese)



