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FLI T A0 28 7 5 7 ol 3 A e L
bR SR U LA R MR R R e
GO R B . BT, B RAE
Al Az 7= v i Ry RO B Z R EY) A i iE
@, Liang4s 7 BFSE & IR A 0 RS 7 AR
Fe R W) e v $E TN RN E K R HE4.0% ~ 7.2%;
Wang % "8 WIS R 06 2 B, AR R IR
IASA ] g 2 2 i vl e S 38 S ik, i LA
EREMCMIE COMR I, 3 S AL T A RIROR
Major% 7 W3 iof 44F ¥ 4 )R G  WT, ZE YR
B RN AT i T K R T S 7R 34E, (HAE XK
TR EPEFM; Ak, JefferyZs N0 SR FHHE A 0BT
% (Meta-analysis ) XFAE 9 51 < 138 72 3801 73 B
B, AR R B A I AT AR Y3 72 10% 25 47
T A4 1 i 5 Meta-analysisiE #5400 1797
T e R B S S R L VR A K AT A AR
MSTAFGY, S5 FM AW TR A SR e e = &
RO, WP LEE9.2% ~ 26.6% 2 [A] . FIL AT
U, A W A i) 5 197 FH AR S AT e K R e 52 B0
FERF IR B ORI A, RENE O R IR | 2
THAC AWy 7= A T L 52 TR A AU it 494 25k %) — 37
HHEARTR,

5 RO BN 3 AL e MR AE Y, R

Je oM I LR RO 1 B R BHEY 22—, SHMI
C o AR M AR L I AR AT 3 A R s

A [ A — BRI A A8 () L SR, R TR
AEEAER S A “EANE . BREAIET SR
6, S0 M A 55 M ) P 28 3
%0 UAEke, T U R Al R U A LR A
FOBITSE O 32 W0 BT T s, A 900 I 5 G A A
H AN R ARz — L sk, HETETFAEY
5 5% (BT 7 3 B 4 Hh 7 [R) 468 G P k2% F LR B A%
B S BVE AR 1 17 X R B e A A 2
TR BT T AR R B b, 10 5 T 0 4 P A T
T T B AC B 2055 ) A
AR B 2 SR S SEERIRTE . PRI, ARBFSTLL St
IR HH425 KHRFRXT S, ML R
524 W i R AR A1) P 25 7 T R I 52 £ 1 5 o o A 2

FE AR ACONE 2 T 255 DA A 0 T A SRR 5
FRRETT, S 5PN Ll DX AR SR D it 8 20 15 A $ 11
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1 MRSk

1.1 IR

R F20174E4—10 H 76 5t 48 38 il FE M X
fAMEE (106° 43" 0" E, 27° 31" 29" N, ¥k
885 m) #FAT. ik + e T M LA A R i, O
FERNPRALPERR A pH 6.03, AHLF 26.80 g-kg ™,
ER2.17 g-kg™', ARWE48.60 mg- kg™, HEAH
175.0 mg-kg™'. HEHLARMEE . JRE (N 46% ) |
RS (P05 12%) . BiFREF (K,0 50% ) ; it
AR Y R Ry EORFEFE B¢, Akl BE450°C, HAE
APAEPERR K. pH 7.95, MK350.2 g-kg™, EA
12.63 g'kg™', ARA2.01 g-kg™", M#E1.92 gkg ™',
BE47.48 g-kg s AR IR AR Rl A AR
4257, HEREDEREA RAF A,
1.2 Wit

R B S, 3k (1) CK: AN
i A, it e . BRAE, PO MIK,OH & 43l
J9150 kg-hm > H1270 kg-hm™; (2) CF,Bo:
FUAL , N. P,05. K,Ojfi H & 4354300, 150,
270 kg-hm™;  (3) CFoBo: W Uit ALJiti Z 90%+
W A10% (15 tthm™) 3 (4) CFgBs:
it A it SR8 5 %o+ A E W B e R 15% (22.5 thm™ )
(5) CFyoByy: B Hjiti N it A8 0% +4= ) Jit 1 K 20%
(30 thm™) o £4bH AR AR A: 999 055 it FH
D21, BMURS R T 2 6 A W o e 35 50 Uit -+ 43¢
R, HELEIERES), SRR ITA IEENR A G —
UCHE ST o AR RR ] < BR80T AR KT
T, BAZE1.2 m, BUMAI AR ZERL0 d)F i
iBHk, BAR®E NG AWS. 70T . P53
WER, FEILXAHES], KN X K20 m’,
S Al P i) 5 0 5 e TR ST B OR AR — B
1.3 MEmMBMSHAEE

BRHOBCR AT, /N KR AR 6 bR S X — 3K
PBRUE AR, T vk 35 04845 5 5 BT HE A o
BRAURL VR 0257 . I AR S2334, /v 5l F105°C
AE30 min/5, F60CHBHTHRE . RIFHAEY
FE SR 0 S, R IH,SO,-H,0, Bk A &, Yl
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Table 1 Application rates of fertilizer and biochar relative to treatment
AERHH 4t Fertilizer application rate/(kg-hm™)
fib A=W o
& TR S T B4 _ 5
Treatment Biochar/(t-hm™)
Urea Calcium superphosphate Potassium sulfate
CK — 1250 540 —
CF B, 652.2 1250 540 —
CFyBy 587.0 1250 540 15.00
CFygBys 554.4 1250 540 22.50
CFgB,, 521.7 1250 540 30.00

o CKERAMEEN; CF Bt HILIEZ 100%; CFoB i HIL IR 90%+24E W ik 10% ;5 CF B 532 it F AL IR &
85%+H: W H15%; CFy By niiti HLAE E 80%+EW) i K 20% . T [A]Note: CK means no nitrogen; CF,,B, means application of

100% nitrogen fertilizer; CF, B, means application of 90% nitrogen fertilizer+10% biochar; CF4B,s; means application of 85% nitrogen

fertilizer+15% biochar; CF,B,, means application of 80% nitrogen fertilizer+20% biochar. The same below

[CE AL (Foss 2200, it ) Wl e2A &, Jf
WA R EE 1 R, HBCH A R 5
SEAE T 008 A BT dE bR, AR IREY . Ve, B
WE R B S Sk, W A S ROk [ 18] o
B H 28 358 43 4 SR WO T W3R B 3 5 R e ¢
PR
1.4 HIELIE

BB E AT

MHAZMER (kg-hm™) = KN &
(%) x Y (kg-hm™) /100;

RNEAwAE P2 )3 (PFPy, kg-kg™") =i &b 3k
U™ 12 /it 2R

R 3E (ABy, kgkg™) = (JiA A7
R B - N it Ak FEBAR™ ) /it R

RIMERMFHZ (REy, %) = (AL
R R A - S A B R AR ) /A
#x100%;

DA b 28 2 R ™ e 3404 IR T BO™ AR

IR B R I Excel 20035844 pE 47315 Ak
., FHDPSHEAMFi# TS 0, K Origin 8.0
BAER, ZRBESVIHR/NEEZS (LSD)
LT, WBEIKER0.05,

2 4 R
2.1 EYFERS TR BRI SRR RN

B 7S 1 A o i 8 A A o RURE X ) K AL

SEAUCRT T RU™ RS2 . RO B S, 5
R AL CF 0o B b BEAH H, (L CF B Ab ¥ 52 3 1
FE, WA T.3%, H2ERARIBEEKF; CFyBs
FICF 5B b B35 Bl ™, 980™ W 5 53 ) Ry 1.8 %
M7.8%. T &AL =&KX, 5
H RGN CF 0B oAb BEAH L35, {LCFq,B oAb B =
2.5%, CFyB sHICF 4B, o4k FH I 43 5196 7= 5.7 % Fl
10.0%.
22 E£YRRSRER E i X E XS R

2

EI R MU SE 5 e dn ok B/ (%2) , &
Py 5 e 5 Ak 2 N8 T it T R e ) OR ARUR S
B s R R RNV e B R, {HLGT A R R Ui R R R
TRIEEmW., MRS EEE, SCKAMHAM
Fo, W B IE CF 0B oAb BE (0 A B2 £h & 7 & 41
T 3.1%, MCFeB,,. CFgB sHICFgB, kb H
)G 2 A TR R AR b i MR A i, H =
HHCF B A B AH EL 73 5 T [%8.9% . 5.2% Fil
4.8%, HBFMMTCKLEM, NVeErHEKE,
HCKA A L, ML CF 0B M A ¥ it
s AR CEUNE A B X T I R v T OROARUIR S
Ve i, MR N3.5%~24.9%, KIREHR N
CFy,B,;>CF0oB,>CF;B,s>CFB,,>CK, LICFyB,,
WEHR Ve mim, K8111.5 mg-100 g™’
HBE®THMAE, CFy B, HCFyB, kb5
Ve s &M CF 4Bk B2 5 FE K 17 4.9%
19.1% .
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e AR RN A 25 5735 5% 2. 35 K. F [ANote: Different letters indicate significant difference at 5% level. The same below

1
Fig. 1

A TRD e A A B 5 AR i

Yield of pod pepper relative to treatment

R2  TEIMEARLL R A FA R HUR 3L da R

Table 2 Quality of pod pepper relative to treatment

at AR Ve 508 B AR
Treatment Nitrate/(kg-kg™") /(mg-100 g™) Reducing sugar/(g-kg™')  Free amino acid/(g-kg™")
CK 90.67 + 1.14b 89.34 £ 0.33¢ 20.59 +0.55a 5.85+0.13a
CF 0By 93.49 + 0.54a 101.8+0.19b 21.70 £ 0.62a 5.78 £0.38a
CF4Bo 85.21+0.92d 111.5£0.41a 21.18 £0.59a 5.83+0.11a
CF¢sBys 88.65+0.21¢c 96.78 + 0.41c¢ 20.38+0.77a 5.74£0.23a
CFgB,p 89.02 +0.63¢ 92.45 +1.56d 20.79+0.51a 5.59 £ 0.44a

e SIS TR B 7R Ab Bl ) 22 533K 5% 5 % K F- . R [A] Note: Different letters in the same column means significant difference

at 5% level. The same below

23 £YRREREBRERETARMARZTIRE

sbA

B2 7R T A 9 0t e B AR Ak 27 08 X 51 K B
SHBEARHENEN, NETAEXBER, 5
B LB CF 0B A BEAH L, CFoB,,. CFysB Al
CFy B b FE A AT AR R 40l 5 1725.2%
12.8%F11.9%, Hrf, CFy B, MICFyB, &b i
BE; NtRFEARMER, 5% MEALCE, Bkt
FEAIE, AR B e 5 N8 it Ak 3 Y i R R
LI AL, CFoB,o. CFeB,sHICF¢Ba,
Ab FRAE CF 0B oAb B3 S BEAR T722.4% . 14.3%F01
28.3%; MRILARMER, SHMIEICF, B,
AEFRATHE, CFo0B JbFIM R KBRS T
1.4%, HMHETLEFE2ER, CFuB sMCFg B,k
PR A R A R R, R 4 i S 12.2%
16.4%.

2.4 EWIFRRS RBER = A x5 K AR AL F| A

By A

H 3R A, )it AR Ak 2 A0 ) 2 A7
EHRES . WRAE=HE, S5EMIEICE B,
b FRAR LG, A=W 5T ik 5 EUNE BE it Ak 38 B PR P F2 1
T2.08~2.62 kg-kg™', HHICF, B, b2 i g A 7=
JiderE, HEEE TCF BB, M CFyB,
CFy Byl BN 5 CF ( BAb B L 22 57 . AL 2%
KF, CFo B MbH i (7.70 kg'kg™') , A
CF 0 BoFICF B AL B 22 5, CFyoB,o I AE Hit
ik, 14 M5.73 kg-kg™', BEMLTCFyB, JbH. M
T FHRE , £t AL BE AR E (K /MK N -
CFyyB,>CF 0oBy>CFysB,>CFgB,y, HH1, CFyB,
AEERAIRE B (40.9% ) , #8CF o B b B4R T
445N A T, HI S THABA I, CFg B ibHH
IRE MK, 10°H24.9%.
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Fig. 2 N accumulation in various parts of the pod pepper plant relative to treatment

%3 REIHEABALTR M0 2 A I A

Table 3 Nitrogen fertilizer utilization efficiency of pod pepper relative to treatment

ﬁlﬂ 1 1
PFP/(kg-kg™) AE\/(kg'kg™) RE\/%
Treatment

CK — — —
CF 0By 18.93 + 1.64b 6.47 £ 0.82ab 35.8+£0.4b
CFyB, 21.55+0.40a 7.70 £ 1.35a 40.9 £2.5a
CF4sBs 21.01 £ 0.86ab 6.35 £ 0.30ab 33.9+1.3b
CF¢ B,y 21.30 + 1.85ab 5.73 £1.02b 24.9 + 1.9¢

e PFP RN ZNE WA 7= 115 AENE R BB 2A30E ; REGERZMEF W AF 2 Note: PFPy means partial factor productivity

from applied N; AE| means agronomic efficiency of applied N; RE means apparent recovery efficiency of applied N

3 0F ®

SN R E RS A SR AR T E, B
FEFFIA R I AN, B — 5 T2 th T 5t
Lyl + M A, JCik Al R THLAR DA T 5L
FEFFARE S AR B3R B s 55— i, SN ILIX 8 T
SRR FRAO X, BT ECAR AN A, Bk, R
ERSFEAR AR S, 2yt T BROK 5 B0R FF 0 ik
Fe it 5 i RA BRI 0 o R R AR A A ) 2 1 5
B, AR R YA AE YRS T 25 A R g )&, i L
AR SE BRI AL, B —TAT 5 St 1 ik
W S PR R E R AR, AR, 5HEA
JEHECF 0B A FRAH H . CFooB oAb 3 i & AU T 4L
T RS T 7.3%H2.5%, T CFysB,sHICFgB,,
A DU H B B, {H 5 CF 0B oAk BEAH L 22 5
AR, XULBHTE RIS R T, AR
R10% ~ 20% k2= RICHA — a1 AW
B BE G 7= sl ™ 09 F 2 K — 7 T R R
MIRARAGEAEEMAR (RASEAELO~T8

gkg™) PO R X R I AR R S A ek T
ARAAE, HRTARRES RS, SanaT B
Rz 2 5, MR T AR
B, B REICRSN, BE G, B SR
FIR5, AR T 2550 PAER 2, T L
TR UE AR S PR 7= sl ke = o i A 0 I ok R A0k 2
HE15%F120% ( CFysB, s FICF By, ) AbFH i3 K AR™
B O™, AT R RN TR, Kk
Yy I ¢ it A 3 AT Ve A LR S BRI, T
T A SR R X R R Mg
7 L 3k 5 B A 0 oo ] S B0 A AR AR K R A
BN, WEEFE KRR Y, o R B0
EHBRRE

WFE K B, A9 5 e 4 it FH AT LA el 3 4 40
B ), ARG S AT R, AT
it FH AR 3 T A Ak 2 U ) SRR i PR
R T 4.8% ~ 8.9% , [RIFHH 8] KAV e & 42
7 13.5% ~24.8%, X0 RESEm TAY s T
NH, 17 NO; (75 Ak 8 5, bt G V) 78 J 191 o W ic st
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PR ARG B AEAE AR IR NI & i, 398 R T BGE IR
HREG

MABEFE S R E, 58 BEIECF 0B oAb B AH
Fo, A= 5 e A R A B A AT O 2 7 s T
2.08 ~2.62 kg-kg™', 1M H.CFyB, b FH A AELHIRE
BIREE, 49770 kg kg ' F140.3%, 16158 Gt
A=y 3 ] AR AL 2R A0 I R v AR A R
SYBTIR TR . p o, SN EEEAR R
TR RS, YA B A IS 5 kA 1
T k- 1 WUZZ5R), A LRE S 58 & T AL B 4544
RUK A5 FALBREE , i AT AR I b2 3 &K
eI 2 LR F R ERE, SMCEEYR R AK
e K ERgs 2 R, TS R EAE K
MR AL & LB AR 0 B sl . R
5 REGEREA, R4 S X NH,-NFINO-NY
W BRI 5 7, I TR R Y, MY
o W o ) R 2 SURT A PR R, T B T bR
WA A RS R, TR R R R AR 0
5=, AW T e ) it FH AE R AR - 9 Ak R Y )
BF, i EE s e e TS R R R A e
[UE3FER N =W S S S REY G SN T /Y = =)
EWEWARE Y L B, YRR RLER
JIES L 8] 38 2 D 2 ol S0 ) S BB AT, T e Dt ]
4G — 7 i F AR ok Je e Rl N, 3R
B L ORI, S B e A i, 2
T HEPEA IS R E YA L DL A, 44
e [ s e R R, SR T £
MR SERT R E R 0 5,
B 5 A= ) 0T et FH S R B, iE— 2B B T
pH, MR TNHIF R 7

4 4 it

SR B AR AR BEAR L, A R R AR AR 2 EUE
10% ( CFoB oAb H ) AT 5] R AU™ 42 55 7.3 %,
R F AT 4,450 43 o, IR HLAT B & 2l
LW RS BT, HLAE W 5T 2 A BUIE Lo 91 2ot v
( CFysB s FICFg By ) WIS A W™ RUBS:, Pt, 7
BT, FUHAY B 109% 0 22 AL R
SEEH B PN ) R AR RN U it 3 sk L — 8 T AT

P, B, w1 TR BUR A R IERREE AR A K
ERE— N RIAR R R, AW B Boks 2 it
— 5 AR W oo AL S RS B RO, LA
R RHEAT B A B RN B 1 A% B AR $ AR B Dy T
ARSI
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Biological Effects of Biochar on Nitrogen Fertilizer Reduction and Nitrogen
Fertilizer Utilization Efficiency of Pod Pepper in Yellow Soil of Guizhou

ZHANG Meng WEI Quanquan XIAO Houjun ZHAO Huan GOU Jiulan'
( Institute of Soil and Fertilizer, Guizhou Academy of Agricultural Sciences, Guiyang 550006, China )

Abstract [ Objective ] In recent years, biochar has extensively been used as an important
fertilization amendment to improve crop quality and fertilizer use efficiency, but little is applied in the
yellow soil for pod pepper cultivation in Guizhou. Therefore, this paper was oriented mainly to explore
effects of application of biochar on nitrogen content in pod pepper growing in yellow soil of Guizhou.

[ Method ] A field experiment was conducted to study effects of combined application of biochar and N
fertilization on yield, quality, nutrient accumulation and nitrogen fertilizer utilization efficiency of pod
pepper. The experiment was designed to have four treatments, different in combination ratio, i.e., CF B,
(Chemical N fertilizer 100% and Biochar 0%), CF,,B,, (Chemical N fertilizer 90% and Biochar 10%),
CF¢:B,5 (Chemical N fertilizer 85% and Biochar 15%) and CF,B,, (Chemical N fertilizer 80% and Biochar
20%). [ Result ] Results show that compared with Treatment CF,,B,, Treatment CF,,B,, increased the
yield of pod pepper, by 7.3% in fresh weight and by 2.5% in dry weight while Treatments CFB s and
CF¢,B,, decreased the yield slightly. Combined application significantly affected the contents of nitrate and
Ve in the fruit of pod pepper. The content of nitrate in the fruit decreased by 4.8% ~ 8.9% in Treatments
CFyB,,, CF¢B,sand CFyB,,, while the content of Vc increased by 9.6% only in Treatment CF,,B,,. But no
difference was found between the treatments in content of reducing sugar and free amino acids. In addition,
the treatments, especially CF,,B,,, increases PFP, by 2.08 ~ 2.62 kg-kg™', but lowered AE and REy in a
trend with rising biochar ratio, so Treatment CFyB,, was the highest in AE, and RE,, being 7.7 kg-kg™' and
40.3% respectively. [ Conclusion ] On the whole, the application of biochar to substitute portion of nitrogen
fertilizer can effectively ensure stable yield and N utilization efficiency of pod pepper in Guizhou. The use
of biochar to substitute 10% of the chemical nitrogen fertilizer is the best in biological effect and hence
recommended as the most suitable formula of fertilization for pod pepper production in the yellow soil of
Guizhou.

Key words Biochar; Nitrogen fertilizer reduction; Yield; Pod pepper quality; Nitrogen fertilizer

utilization efficiency
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