% 31 &5 6 K AR R Vol. 31 No. 6
2017 42 12 A Journal of Soil and Water Conservation Dec. ,2017

AEIFIZE VBs.CoB Xt 3 B 4 1% 4 90 = 1% 1K 0 32 46 14 i B9 =2 i
B4R, TXE, K4, e, 5%, THE, BEh, LR, LG

QUZRAR MY KAE 2R 2 5 TR B /e AL MR E SR % LR #B% 271018)

WE: UE L/ FEIMEM. hupehensis) A4 4 imlat  BF 58 AR 55 00T 4 338 Aot Jn oA [s) 790 42 9 48 2F
E By (VBRI & 4t 4: F B(Co B) X 3E R G 3AE Wy A R M B ALY B f 52 i . F 2016 4R 46 I AR Rk K2
bl 282 5 TR RRMRR LR EHTE LR, 5 H 26 X8 L3R 1l VB .CoB, il i 43
B4 0,0.02,0.03,0.04 g/#k, 6—10 WS IR LA 4 1 3 SR G Ak = L 20, i TE AR i R B AU Ak
filg 16 M R R AR i OB TS B IR AR MK ARG . BFSERYLORF R & VB 1 CoB X3
SRL RS R AR A R IR 0 AL B R L O G PG S BRI B 43 A 1 LA S TR B Y
R, AR VB \CoB B & B0E TR AR K S ALLL VB, 0,03 g BN @ 0 22 % , M Hb
EFBAR LA CoB 0. 04 g Ab 3HX A A Ak e 25 REL R A A 3 1 0 i S 3 MR e 2SR R BEAE 10 A LU X
T3S T 240,34 %50 4520, VB; 0. 03 g 55 CoB 0. 04 g 7 b 18] G Wt 35 P 22 5 5 b R84, VB, 0.03 g &5
Co B0.04 g WikbBEXHAR 28 T 8E R B KEE BIRBURI B 22 1 AU i o0 (835 AR AR BORMAR 22 4% XS th 1B 35 4%
Jm. VB 0.02 g F1 CoB 0. 02 g | 5 3= B4 it it Jr i A AL BTG VAR L X BC B E 2 R VB 0.03 ¢
CoB 0. 04 g M RBT PSS B 835 VRIS o8 BT AAL B 6 v W 2 4R . Ak SRR A it ik S AR X & i I 3
B\ OLETOLR WA R B FEMNE, B VB 0.03 g5 CoB0.04 g PRI C R EWZR., HHR
4598, VB; 0. 03 g/BEA CoB 0. 04 g/ RT3 Dy A ) A M 2 P ORI 3L Ak P o s il B 1838, 26 F Co B AT 2%
Jite JFE 35 £ AT 5 M 4 24 T VB L SEREME T VB, SR EE 58 5 &0

KEWE: VB CoB; FRLB; SAEIEH 26280 S bil; MARERRLR

RESYES.S661. 1 X HEARIRED . A XEHS:1009-2242(2017)06-0262-010

DOI.10. 13870/j. cnki. stbexb. 2017. 06. 041

Effects of Different Doses of VB; and C,B on Biological
Characteristics and Physicochemical Properties of Young Apple Trees
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Abstract: The Fuji / M. hupehensis. Biennial plants were selected, and the different doses of vitamin By
(VBg) and compound vitamin B (CyB) were added under pot experiments to study the effects on biological
characteristics and physicochemical properties of apple trees. The pot experiments were carried out in 2006.
VB and CyB were added into the soil of Fuji on 26™ May. And the doses were 0 (control), 0.02, 0.03, 0. 04
g/plant respectively. The plant height, diameter, leaf area, leaf antioxidant activity, chlorophyll relative content,
photosynthetic fluorescence parameters and the growth and distribution of roots were determined. The results
showed that different doses of VB; and CyB had different effects on plant height, stem diameter, plant
biomass, leaf area and antioxidant activity, photosynthetic fluorescence parameters and root distribution of
apple trees. The plant growth was significantly improved by the addition of VB; and C,B. CyB of 0. 04
g/plant treatment had the most significant effects on aboveground growth, and VB; with 0. 03 g/plant

increased leal area most significantly, i. e. 22%. The plant height, stem diameter and tip length were
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increased by 24%, 34% and 45% significantly, compared with the control in October, and no significant
difference were observed between VB; of 0. 03 g/plant and CyB of 0. 04 g/plant. The total length, weight,
volume and surface area of the underground were significant improved under VB, of 0. 03 g/plant and C,B of
0.04 g/plant, and the number of root tip and bifurcation also increased significantly. There was no significant
difference in antioxidant enzyme activities of apple leaves under VB; of 0. 02 g/plant and Cy,B of 0. 02
g/plant, compared with control. The resistance of plants was significantly enhanced under VB; of 0. 03
g/plant and CyB of 0. 04 g/plant, with the increased activities of antioxidant enzymes. The chlorophyll
relative contents in apple leaves were significantly improved, and the photosynthetic fluorescence characteristics
were also improved remarkably, and there was no significant difference between VB of 0. 03 g/plant and C,B
of 0. 04 g/plant. The results showed that VB; of 0. 03 g/plant and CoB of 0. 04 g/plant had the most
significant effect on the biological traits and physicochemical properties of apple trees. In view of the higher
effective dose and cost of Cy,B, it was recommended to use VB, to improve soil nutritional conditions.

Keywords: Vitamin B;; Compound Vitamin B; apple trees; photosynthesis; fluorescence parameters; antioxidant

enzymes; root growth status

FIAT o Fe [ 35 2R bt AL B 1 NS A
5 AR R A, © 2O T R R R
A7 R 9 R S R A 7 R e T I
VEZ L N 2 4% G0 5o R i IX ik A B e A £ 3%
A LT T R B A W 55 2R B 2 O A i D
S DR R MR S (R N 15 D L B R R B 3R A
S 22 T A AR 2 RS SR AR AL 55
A RE it FH AN L9 e 3R 358 B 5 3 i AR 25 .
Je AR Z W58 B AR It A HLAE R Bl L 388 R 25 1 B
A PUACAC 25 248 B 1 RSt FH 8520 IR HE . A HILAE &
RN 2R A PR 23 M O A B SR B ] e+ e
AR o A ] 5 e A T AT A AR T
AL R A W 358 . A HLE IR AN FR /N o3 5 15 1
Yy It - B AT AR 5 B A AR P S 0T LB B AR ) B
G QNTNEREI Y S §CR (i L Sl A O
B AL Z S — RN ARG e R
RN T TGP HLP B BLE SR /N o 7 T A L
Yk s B A R . AE R L BNy R
Wy i A2 ZRAE A IR B3R A T L AR L SR
Y A A e AR AR TP IR 89 VR SR N SRR T
TEF T . WFTE R MY, — s 30 4 A 08 Ik J o AR
VB, FlH: R ik W = X 3¢ TR b Ak B B AR BT A AR
ARG EAGE 8IS R A A KA
FARHEAE B AR T A AR AR HET . AR B R
YE /N AR W5 i B VB, BE 2 35 8 3 AR Bk A
ARG 48 o i SR R BT AN ST R I AE
60 mL WA IR BE TP InAGE 2L R B BB 3 42 i A BE
Wb E R, HEL 0. 05 g i = . 4h
U VB, B 0L R T 2 AL AR I o 4 SR AR AR T
PR ) 1) A 7 L 1 5 A 0 W da v i A2 e T
BRE PR ER By BB R AL B KA T

P EARF TR m M S, SR BG4
A TR SR T THT B AUE AR X A D X RONR L e HIR Y S
A R BCAR AR 43 31 T AT i A P T b A A2 R OB
e 2 B iR B IR AW . AT i 35 02 A bR 0
AMERER a b SR ROGA HEE 0 E M A 2
SURUHTRSAL B A7 B e 3t R R B R R
B, AR VBg Xof 3 5L S 5 T Y 4R 5 A E S L (H
AR 2 A 2Rk LA AR R S e i R R TR AR Y . AR
SC A A A A [ R i VB (442 R By ) LCoB(KE
G YEE R B T YRGB Bk m AL M R B L
TV R O i SRR LR R AR R L R
PSP R PRI o AR KA T A e A = & JF B
WA HLE IR IR 3R A 7 b G Y SR AR
P v LA 22 T A5 i B A it S B A AR

1 MR 5Tk

1.1 RIe 4 #

Pk R A &t/ S E TS (M. hupehensis) 44
R, BERR R FEn: R R ST B B R, SR
WA R H— IR R 50 cm, IR R L RBIX A
H 30, 3835 0 & A3 0k A LR L 720, A A
131. 56 mg/kg. A % W 63. 37 mg/kg. ¥ A A 150. 03
mg/kg, T4 pH 6.3, IR JFEA DO 20. 5 cm, iE
21 em MBS EHE T B 6 kg, IR ATH4E
AR VBs FI CoB ORIy A il 25 B A R A D
VB 10 mg/ ki, CoBUR J5 5D & i EZ 43 VB, 3
mg, VB, 1.5 mg,VB; 0. 2 mg, MBI 10 mg, 7 L 55
1 mg. 5B VE K B IR 5% AT I R B
1.2 RIGALIE

IR T 2016 4F 5—10 A 7E L AR Rk K27 bl R}
FHITEYRERAMNR R L E#17, ik 4 4



264 KPR R

%31 &

MRS RSB R 1 AN Ab R, RS AREE VB R CoB
Jiti 443 3R 0(CK) L,0. 02,0, 03,0. 04 g/#k 3£ 7 4~
AbHE ., BEASKEEE 15 FELERAE 2 BRL T 2016 4FE 5 26
Hii AZLrh. Hew M (% — 1. 610 A%
WX 2% TR AR AT I E

1.3 REHE

1.3.1 #&Aameyn g LRk e A4 51 H
RS- ROBE AT 00 6, Bk v AR WR 6 2 1 Ak oy
AT TR I ML TE R T 1 om AR, BR
FARH A 6 H 26 HIF4R . 5% 30 d W4 1 ik,
1.3.2 SOD.POD #= CAT #F#wml 2 HBELY
IE7 AL il (SOD) 7 1 19 I 52 2 B8 Zhang %% (9 )7 3%
K AW PO Mg 3 (NBT) I 52 . LAl &g g me
(NBD) IR 50% 0 1 ASEgWE S 54 (UD, F FW
U/(g » min) KR, it 4L (POD) R F ALK By
2,7 Omran' ' {5 i 52 470 nm W6 9 A5 1k
LB 51k 470 nm W% EEAR AL 0. 01 ALK
1 /NEEIE S 2067 (UD ] FW U/ (g » min) R, o
Ak SR (CAT) 36 M 11 I 7 4% B Singh %51 1 J7 2
W7 240 nm W6 AR A, LAE 43 BP9 4 240 nm 1
JEREU /D 0.1 (R R 1 ASEETE B (U, i FW
U/(g -+ min)Fx, BN E 5 0K, BOFHHE,
1.3.3 rt@ER g FESERELSEF OGN
MR T 8 A 23 I 20 B RO S R i RN B K
Ca) NI 20 2R, 58 () R e Fe g b, 3T B i
A S=2/3ab. HA A B EE M E 20 K. 1ERIIE
BB B 9:00—10.00, IEBUREARSE 5~7 2 & B
TF I fEE B S i (A R D, SPAD—502 {8 # it
SFEALAT R S B E ;s A oh A R
CIRAS—2 % (PP-Systems) fi # 2t & /8 H I & &
G, H6H 26 HIFM, B 30 RIME 1 kAl
R RNAT S R 2 K, B BRI E 5 K.
1.3.4  #RA&am g GBS ESOCEBORM
() P I e I 5 sF i) i) 9 ' G 3 3R 00 5 B 1) — 30,
Junior-PAM (f# [ W ALZ) fifi # 05 S AL k47 5 i
RIVOCSHENE . R EESHCA  SLbRottl
SR (QPS 1D DG 2E R K Z B (qP) AR Ak 2 7%
KFZH(NPQ) PSI g w) g% s % (F,/F,) i
F AL H A (ETR) , AL B E 5 K.

1.3.5 ARZZAAWFeNE A 11 A XA
BB 0 Rk B b (b)) MRt E L 110 CR T
20 min,80 CHE 10 h j5 4351 & T8, MR R A
E S R B ARG A5 0 O s FHOK S BT AR R 44 9
B4 2 58 2 4F B FF . ] EPSON Hi ) H 2 43 BT AL 47
AWM. R R B R R AR
BN R 53 SCECSE BEAT 40 A, S A BB E 5 R

1.4 HEFELEBES5HH

RIGEIE % Excel 2010 F1 DPS. V 7. 05 ¥4
AT G AT SR
2 gR50M
2.1 AESLEMNERKS RHEMFHKEEEE

/R p= A

3R 1Al AL FERE A AR K e SR AR K
TR R AR .78 ARk KB R K.
Jit i VBs Fl CoB Ja s N 7 A UG %31 5 4 ik i Al
TR O PR HEAE T, 5 X R AR Wk
S, BRESHOBE AN, LL VB, 0.03 g fl CoB 0. 04 g # &
TROR R B 710 53 5 ok R XT BEEY 1. 52,
1.39,1.25,1. 24 f%5F0 1. 41,1. 42,1, 24,1. 24 5, #&
FLAY IS AR e VB, . CoB B4 1t R SR 5 ok 2 3. %1 10
H CoB0.02 g.CoB0.03 g.CoB 0.04 g Fl VB; 0. 03
g RE PRy 5 R X BB A 1.30,1. 33,1, 34,1, 30 4%,

MR 2 AL AR 6—8 H A KA. 8 AR
AR ZEEE . N7 A I VBs A CoB Ab 3
ARG X BRAF A2 35 e E AR ] Horb L VB, 0. 03 g,
CoB0.03 g #l CoB 0. 04 g ¥ inx w3 .10 A4
SR TR I R A 1. 43,136, 1. 45 i, X AHBRHE AR
WA A o il i A [A] 5] 42 9 VB, L Co B Ml 1 3 it
TR AT AN TR B 3G i (& 3) L Hip i L VB 0. 03 g
1 CoB 0.04 g B i 3, b b &8 b R &R & 5
Sk PR 1. 47,1.38,1.16,1. 16 f%#1 1. 33,1. 30,
1.21,1.40 %, AT RAAS o 4500 W) 50) 2 1Y VB,
F1 CoB X&) W 1 Bk 37 LA HL A bR AR K 3 B
F S, L VB; 0. 03 g #il CoB 0. 04 g 5l & T X #k
A EROR AR . CoB X 22 LA 0 M T 38 28 K ik
RORAE VB, L H L CoB 0. 04 g #4328 i
FERfE HFRCR .
2.2 AELENERSRMFRENEEENR D

M1 AT LAE SRR SOD & 7E 6—10
AR TE AR a3, BAE 10 Al sg ., i m
VB Fil CoB J& & VB 0. 02 g Fil CoB 0. 02 g 4b 3 5 %}
TR B # 22 5 Hof Ab B SOD 3% P2 % B L H. 2%
Stk H DL VB 0.03 g #l CoB 0. 04 g Zb3iR Hy i
A R R HR % 1. 54,1, 57, 1. 30,1, 49, 1. 32 %0
1.54,1.55,1. 24,1. 65,1. 30 5.

W AR FE G VB, F1 CoB 5 28k 3 SR 4 i Fr
(1) CAT WP ALE T Eks 1 2 T LAE L FE A
Kt i CAT & M 2 35 T 5 5 BEAR Y A8 At 34
HAE 9 AikE i m, 10 A HRGERFEL. 6 7 & 43 CAT
WEPEICF X7 H Z 5Bk VB 0.02 g il CoB 0. 02 g 4b
PEE XS RETC 3 Pk 22 5, FL A A B R CAT 36 M3



% 6 3]

ARV AR TR & VBs Co B X S SR &Iy 4 A 1) 2 4 bR A0 31 4 i ) 532 i)

265

AIRIFREE R P L VB, 0.03 g Al CoB 0. 04 g AbFH
P i w3 A B TR B Y 1. 92,1, 73, 1. 38, 1. 58
f5F11.72,1.60,1. 34,1, 67 £,

£ 6—10 A SER L B POD 36 7 5 85E T
Ja AR AR fb A% (] 3) . HLAE 8.9 Hak B .10 A i
AT, 6.7 A 440 B 50 G B 35 22 57 (% VB,

0.03 2),8,9 A& VB; 0.02 g #l CoB 0. 02 g &-AbHEYy
TXFE, H2s i 3, o L VB, 0.03 g.CoB 0.04 g
AbPREE = B W, HOoR R XT IR ARG 1. 33, 1. 31 5 I
1.30,1. 35 fi5. Bl % 25 9484k, VB 0. 03 g &b 3 %}
POD % PE 3 R e 6—10 H ¥ 5535 5 F [0 % B, 43 331)
FrxtEERY 1. 38,1, 14,1, 33, 1. 31,2. 70 £,

1 REAREFE VB, .CoB WMERL KB MEHEMNE I
im 6 /1 TH 8 1 9 10 A
WE/em 8 /mm WaE/em 8 /mm WaE/em 4 /mm WE/em 8 /mm WE/em 4 /mm

CK 73.43£0.52d  4.3920. 05¢ 83.40£1.51e 5.3020.03d  103.53£4.66d 5.66+0.09d  120.87£3.37e 5.93+0.11d  122.73£2.76d 6.19£0.09c
VBs 0.02g  76.73+0.41ed 4.55£0. 05¢ 93.6740.92d 5.55+0.10d  118.2343.37c 6.4340.35¢  133.50+1.87c 7.17£0.16c  133.83%£1.93¢c 7.2840.17b
VBs 0.03g  96.57£2.91a 4.62£0.11c  126.83%3.48a 6.00£0.12¢  144,3742.67a 6.9140.18bc  150.9740.88a 7.8540.17ab  152.5340.90a 8.02%0.16a
VBs 0.04 g 76.3340.29cd  4.55£0.07c  105.53£1.97¢c 5.53+0.05d  130.534+3.32b 6.5740.11c  139.03£3.99be 7.194+0.31c  144,30£2.07h 7.23£0.31b
CoB0.02g 78,5041, 10bed 5.0940.13b 93.83+1.17d  5.95+0.11c  119.0343.55¢ 7.0040.36bc  123.13£2.91d 7.5640.17be  124.10£1.21d 8.04£0.12a
CoB0.03g  82.77£4.39be 5.1140.09b  114,174£0.98b 6,37£0.12b  130.73£3.20b 7.2840.25ab  146,50%4,22ab 8,18%0.15a  147,57£2, 46ab 8.26%0.13a
CoB0.04g  85.00+3.52b 5.4940.15a  117.274+4.37h 6,670,062  146.6743.41a 7.8240.09a  150.17+4.11a 8.19£0.08a  152.57+4.10a 8.32£0.08a

T R RSB R A /NG 58 2R AR R Ak B 7R P<<0. 05 R L 2R B3, TR,

2 ZHEAREFE VB .CoBMERGMIMHEKENZ I A em
Ab 3R 6 H 7H 8 H 9 H 10 A
CK 38.0742.92ab 50. 0845, 54cd 59.33411.75¢ 65. 0049, 24c 75.3747.14b
VBs 0.02 30.30%4. 03ab 55.43+8. 83bed 74.57=+7.57abce 88.90+12. 96abc  90.27+12. 40ab
VB 0.03 44,7045, 98a 75.33%6.92a 92.2747.79ab 106. 27412, 04a 107.43411. 32a
VB 0. 04 23.3314.68b 51.1543.92cd 82.3343.51ab 90. 2043. 25abc 91.3343. 64ab
CoB 0.02 31.70+2. 15ab 47.5747.79d 72.4045. 80bc 74.7346.87bc 75.5046.99b
CoB 0.03 37.70+8. 25ab 70.63=46. 75abc 91.47+7. 30ab 101.40+5. 37ab 102.23+5. 49a
CoB 0. 04 41.2346.23a 73.3743.94ab 96.67=+4.77a 105. 63+8.09a 109.40+8. 82a
*3 BEAREFE VB .CoBMERYWEMEMF MY Hfy.g
e i L F A T A &
fiif TH fief F T&E
CK 14.90+0.51d 8.3640.01c 33.09+2. 28¢ 13.89+£0. 27cd
VB;s 0.02 17.00=£0. 07bed 8.89+0.02bc 27.4241. 22d 12.5140.58d
VBs 0.03 21.9241.12a 11.5440. 82a 38.5141. 25ab 16.1740. 80b
VB 0. 04 19.66+=1. 82ab 9.74+0. 74abc 38.2840. 37ab 14.8240. 99bc
CoB 0.02 15.35+0. 77cd 8.41+0.07c 30. 4542, 40cd 13.7540. 25c¢d
CyB 0.03 18.9940. 82bc 8.9940. 08bc 34.3440. 64bc 16.24+0.79b
CoB 0. 04 19.77+1. 22ab 10. 8341. 08ab 40.20=40. 38a 19.4340. 46a
200 - .
g0 | O CK VB,0.02 [ VB,0.03
E 160 | B VB,0.04 [ CB0.02 E CB0.03 .
é 140 | B C,B0.04 .
=120 F i
10T -
= 80 | a [
# 6o | d =
l‘éE 40 a o do ql-)|-°d cd be - u =
2 =1 . E .
6 7 8 9 10
R400)
E1 ZEARBEFE VB .CoB XER LRI H SOD & 4 & % iy
2.3 AREAEXNERGRKMFHERMHEEEIN FLOM XTSI T 11% . HE 4 7T LA I i in 2 4=
SENF KRG M T AR O BB i g 2, o DL VB 0,03 g &b

JEN VBs .CoB X 39 SR 4 - i AR A A R AR B 1Y
(& 4), AL VB; 0.03 g ANBE -1 R B4 5.

BB IR R B3 R 227, VB, 0.03 g fl CoB 0.04 g
b BRI TG i 35 Pk 25 5 . Bl IS R) AR 4R RS L S SR g g



266 KPR R

%31 &

I R AR S 2 A IS AN [ R R A Y AR
(R O E 9 kB m . A W50 &
VB, \CoB Ja , 3= R 4l ff it |- i & R A0 X & & A0 L [R]
WX A, H2E SR E, Hrp Dl VB; 0.03 g
A T P S 23R X0 B B 4 R A o R 43 ) O [ 3k
Y 1.19.1.09,1.15,1.11,1. 18 f%;CoB 0. 04 g &b

HH 7 A VG 50 A AR o 22 57 L 03 i O R 30TF
BEE 1.11,1.12,10 10, 1. 17 5. A6 AR TR A &l 4 I
PR FRAC TR R R X R A0 AR AV B LN T
CK, 41 VB; 0. 03 g.CoB 0. 04 g fil CK 354 R it J5-
MaxRawEmm A 9 AR RItA 6 A/ 1. 11,
1.17,1.19 fix.,

14
~ @ cK VB,0.02 [ VB,0.03
§ 12 - B VB,0.04 [MCB0.02 € CB0.03
* 10 F E C,B0.04 d
o 8T dcd -
2 6f = B
A 4 ) = =
P B bbe peq?P oo = =
[ R N cdEEg d 2] -] F—
S A B o
0 ' 1 5% I = L 1 ]
6 8
RAA)
B2 ZEAEFE VB, .CoB It ERLRIMF CAT & R
70 1
o g cK VB,0.02 [ VB,0.03 2
'§ 60 [ B VB004 OCBO.02 HCB0.03 Y .=,
‘5o | E CBO0.04 ESlmniy
E = 5
= a0k — o
) i — 3
2 - =R
2 30 [ — <]
~ a ] — :.:
31 B ab = — 5]
s 20 = [ be - — o
s = = I c c it — 45
8 10} il ¢ = = %
2 = B - B SIEE | e e o b e
0 1 L = L 1 e T — J
6 7 8 9 10
RAA)
B3 REARFIE VB, .CoB Xt HERL B H POD iF& MBI
350 a ab 2.4 AEAMEMNERYRHAHFESEMNENXE
bed
L é *;1 ;;7 D HEE P, HR
“g B ? 7; FEREAN AR RN SRR i Eot G R R
5] | o N =
2% B TH 8 5 AR B A AL B B (36 5) . 78 8 T ik 3 Jik
BT . DM R VB, CoB g MBI A A 0
o 2 ol A B R (R BE A 475 6.7 1 1L VB, 0. 03 g Al
ST CoB 0.04 g $2 @8k 3 HANBE 2 i) G . 35 Pk 25 5 1
0 L L 1 L 1 1 J

CK
C,B 0.02

VB, 0.02
VB, 0.03
VB, 0.04
C,B0.03
C,B0.04

B4 ZRIEARFE VB, .CoB X3 401 it 1 R B9 3 0

W VB; 0.03 g 2 5 fie i 43 51 8 R B X B G 1. 48, 1. 67
fz. 8 H,9 AMI 10 A,LL CoB0.03 g Ml CoB0.04 g
Qb B S A R AR B L i o ) )X R A
1.82,1.61,1. 58 f% M1 1. 94,1.69,1. 72 4%,

x4 BEARFE VB .CoBMERGHHM FHRFEXNSEHFM

2 F AT % 5 (SPAD)

i 6 H 7H 8 H 9 H 10 H

CK 43.1740. 70¢ 48.1040. 23d 48.93=+1.17c 51.17+0. 15¢ 47.8740. 43d
VB; 0.02 48.9740. 44b 50.20£0.42¢ 53.30£0.67ab 51.80=0. 15be 50.80=£1.53cd
VB 0.03 51.172£0.58a 52.274+0. 54ab 56.03=£0. 85a 56.73£0.09a 56.37+0.33a
VBs 0. 04 48.1040. 76b 49.4340.03cd 51.97+0.41b 53.10£0.67b 54. 237+ 1. 84abc
CoB 0.02 49.2040. 15b 49.7040. 10¢ 52.33+1.56b 52.50=0. 96bc 53.70=£1. 53abc
CoB 0.03 48.8740.10b 51.90=+0. 29b 53.60+E1. 36ab 52.83£0.12b 52.57=£0. 84bc
CoB 0.04 48.0740.27b 53.50£0. 95a 54.80+£0. 15ab 56.47+0. 20a 55.830. 65ab




% 6 3]

ARV AR TR & VBs Co B X S SR &Iy 4 A 1) 2 4 bR A0 31 4 i ) 532 i) 267

RS BEARFE VB .CoBWERYMM FHXGEE PR

4k 2

HOL G HH P,/ (pmol e m %+ s 1)

6 H 7H 8 H 9 H 10 A

CK 11.4740.18 12.5740.18d 12.37+0.41e 10.2340. 26e 9.03+0.44d
VB 0.02 12.00+£0. 87ef 12.67+0.58d 14.20+£0. 34d 11.37240. 44de 10.2040. 51cd
VBs 0.03 16.71+0. 46a 21.04+1.12a 22.2040.51b 15.47+0.43b 13.63£0. 64b
VB 0.04 13.67+0. 23cd 17.114£0.48b 17.1140. 48¢ 12.80+£0. 59¢ 11.03£0. 62¢
CoB0.02 13.11+£0. 48de 14.67+0.54 ¢ 16.33+0.43c 12.03+0. 46¢cd 10.93+0.38 ¢
C,B0.03 15.00=£0. 46bc 20.334-0. 43a 22.5340. 56ab 16.4720. 34ab 14.27=0. 38ab
CoB 0.04 15.90+0. 42ab 20.93+0.73a 23.9740.70a 17.27+0. 38a 15.53=+0. 38a

2.5 AERAEXNFERHHMF OPST . qP.NPQ,
F,’/F,'#1 ETR #

MR IO A H RO G 4 E Y Ee
AEREE W 300 19 52 mg 0, PS T 52 B 6 Ak 2 %50% (OPS
)R FAE PSIL A PS T 6] (4% i3 4% 00 . 7l /R
FEPCH L F B A% B R0% , B 18 SA AT LLE . OPS
7 6—9 HMTFia, 10 JRE K, & VB,
CoB J& -k CoB 0. 02 g b3 2% 55 4 35, HoAth £5 4b 34
AHEEXT BRI A 3 v, Horh L VB, 0,03 g F
CoB 0. 04 g Ab 3 &% R & W 2, 43 il A [m] 109 X6 REL
1.14,1.20,1.15,1.12,1. 06 f%#1 1. 09,1.17,1. 15,
1.10,1. 04 %, PiAb B[R] G W P2 5

(F,/F,")H PSTT KR a0 A 50 Ak 2 i 7 7=
S ARROR AT BRI PSR e 1 R T
RE AR AR, B 5B s 610 ALF,/F, &%
W HE N 0 AR Ak B, 25 b BHAH L BRI AT T 4R e, HL
LSPERE, H L) VB, 0.03 g il CoB 0. 04 g Zb#g
R A 3 A B o R B A 1. 17,10 25, 1. 03,
1.10,1. 07 /%#1 1. 18,1. 25,1.04,1.10,1. 09 1%,

NPQ R ARG K Z 88 i PSR 2 8 3 Ml i)
NGB TGA HL T 1% 3 1 LA BRBE i B 2 O 1) D g
43 SR 22 e o) ik 80 BE A FE TRORE T DG A2 A TR K R
. K 5C SR 10 A Z 5. NPQ JCH A8k, 78 10 A
TR . A AbFEAH [T X BRI A T B AR, ELAF7E B
PE2 5 HA L VB, 0.03 g F1 CoB 0. 04 g 4bFR AR 5 ik
FHA0 A4, —HE TR EEZER),CoB 0. 04 g £hF 4
g RIS BR Y 33 %6,40%6,53. 0% ,55 % F1 69%

qP 8% T PSR )M F 32K QA 1Y%
AR JFARASF PS I IR 0 i ECH L gP B8R, 1363
PSII A PTG R . K 5D SR P £ 9 HZ
BB TRE . 9 IR BRAIK, £ 4k JAH Lo ) BGER A
) P 3 ) 8 R o L A5 Ak R b X R 22 S I L o
DL CoB 0. 04 g 4b PR & i 3, 0 91 A [R) 3 X6 R 19
1.24,1.23,1.25,1.11,1. 27 f%.

HL T 1% 3B 20OR (ETR) ] DL & Rt A oPS I
F| oPST M T1%i8. K S5E /R ETR 2T
JE AR AR 5, 7 A iR B & BR VB0, 02 g il
CoB 0.02 g Kb B, £5 kb BEAH Lo X BRI A 8 2 42
Hrp L CoB 0. 04 g &b P $R &5 f W2, 43 0 oA [ 40 %

HEf% 1.18,1.15,1.19,1.10,1. 18 f%,
2.6 AESEMERGFR RN

SRR AR 2R A R 100 7K I % R AR 2R 2 5 R AR 4
FRAT IR B ARSE AT A R AE B4 06 R B [ e
BRI, ORFEFIR W VB; (CoB XHEARAR R 4E L
ARFE AL A AR R AREH A 2, WK 6, VB
0.02 g Fl CoB 0. 02 g AbFRAE FH AR 15 % B E b 35 22
S A A B S IR AR AR R BT AR R AR R AR AR
HORIAR 2243 SCEIOH E IR YA B 38 R . VB; 003 g
M CoB 0.04 g AbFEXT %2 MR 8 QAR 2 8K A A 1 AR
VER B340 9 X BB 1. 24,1, 27 £ 41 1. 32, 1. 31
5. VB 0.03 g.CoB 0.03 g Fil CoB 0. 04 g 4b 3 %}
HRZR A B L 4 Sk X B 1L 41, 1. 37,
L43f%, Hab 2z a o i F M2 5. RAREL CoB
0.04 g AbFRRAR fie b 35, 4T HRY 1. 52 £%, VB 0.03 g
M CoB 0. 04 g MHHMRAR 2 5 SUECAT i 35 1 2 5, 43 50l
Fy R RRRY 1. 34,1, 36 £i%.
3 W

ek RSN S SE R 1 & Fp AR R0 72 4%
il IR ) B 7 R P B A VR . AR SE R,
HMEAEA R AEAR HEVEY) B3 R AR A K AR 3 T
BEERATY Hrh B4 RIS 5HEEN
TRt A1 F52 07 11 % Tt 0 5 Tt 2l 25 1) 4 B S S A AR K
MKk BEEMNEFICRLAERENR L YA K AR
WEMRIEEN, 44K B &2 ER i HiRg, &
A BRIz BRI A By B B R
PERI™Y . R B 4 A AR ) R R = AN AT s Bl 1
Jo R A R B 2 O AR

B G4 A: RS 5 R N A A B O B AT Ak
PRI IR A 89 4 K . Innocenti 277 & # VC fig
PR AR 2R 43 AE 2 SR AR B A i N G191 ) S
R eI o U N T S RN 100 T A N 7/ VA S
REVE AT LR FF 28 A5 R 9 Na ™ Fi K S £ o 412 15 bk AR
RARD BRI MR AR R i v AR A 9 BR
W ST R AR R o B &2, RARME A B, AR
B AT S R B BE B T K W it — Mk R Y VB, .
VB, W — @ BEWKE R IER E K. AR
3 R B 4 AH F R R LA LK AR B IR A A
N o PR X B B 2SS A



%31 &

K A PR AR

268

= H

ittt
© NN NN R

10

[ N N |
0 R

8

3 bebed b 2

A#BA)

d cd

0.65

A4(A)

B VB,0.04

B C,B0.03 B C,B0.04

@ C,B0.02

[1 VB, 0.03

VB, 0.02

CK
. OPSI A PSI 32P

FIEALERE F/F, g PSTTRN Sl o6 REH 3K 80% s NPQ S JE S AL 2 J K R B gP O PSS AL S K R EGETR

7

A HL T BB R

Bl S ZEARFE VB, .CoB WERGHIMF xS oPS] .F.'/F, .NPQ.qP #1 ETR HI &



6 A R R VB, L Co B 3 SR 0 2 4R 0 8 A R 1 5 269
13000 3600
12000 | 3400 .
g . £ 3200 | 2 2
\511000 - . 2 3000 | !
* 10000 | b & 2500 | )
r 2 2600 | 7
¥ 9000 - ¢ v 0w %
® d d od B 2400 /
7000 L L L I I I ) 2000 1 I 1 1 L |
¥ g g T g g 3 VI o 3
© s s s s & = 5 =2 = g 3
g & & @ o=m o S 2 a
> > > O &) @) S 2 S 5
- Ed R [ b 5
o 30T a b a 60000 TRRARE R > E‘E
° 7 50000 [ 5 ] o J o! I
~ 70 Pz . = g5 o 3 K2 8
o o % Tawoo F B B B S s N
2 / | 2 e H ok s
® % 20000 %&1 %3: %&1 o %& 2
1.1 ) ] >
o / 10000 %?} %;:3: %:::1 3 %E:E: 3
30 1 1 1 1 1 / 1 ] 0 %:"1 ' /%0: /:Q’{ , & . /,’.‘ :.0

M [ en o on <
S < < < <
(= (=3 < (= (=1
@ =3 a m o
> > ) o] O

VB, 0.02
C,B0.04

VB, 0.03
C,B 0.03

6 BEAREFE VB .CoBUERYHMRALEK MALZER . RASAR REABERESXHHFIT

A G AE 7 % S5 AF R it 0 R [ ok B ) VB Al
CoBJa, 0 E M T3 AW AR R, B 5, KB
PRF B R TR ARRBUORR R 70 Uk Hoh CoB 0,04 g
B 3 Ay A S R RE R 1021, 1. 32, 1. 31, 1. 43,
1.52,1. 364% . 5t [RI BT . bk m A RLR RS 2R K g
B 05 2 P B L RIEELL CoB 0. 04 g $ B i i 2, 76 10
A4y 5wt B 1. 22,1, 34,1, 45 4%, VB; 0. 03 g Fl
CoB 0.04 g W kb B 0] JC 2 35 1k 22 5%, 55 00 AW 5% 45
BB, SRR R AR N T BEAE AR AR R Il
/NGy T 00, 1E AR ZR 5 76 WL % 33 45y TR AE
F 50 TR R A G 2L S AR R AR R S YRR
FR M T R T B M S 2 1 3R ) (AR A
PR = AR R RN B A A K i R4S ) S e . A
A K B VR I A A 2 0 3R 1 1 22 T N, 3
A RE AR Y B B AEAE I T HLH RS BUvE T L A At
A 22 WSO ) T ) E A O A IR, DT —
FRRE 52 TR AR AR T SO AR 09 A2 KO S5 n 57

P SE A Bl — o A B L R 0 B o 3 ) A R A
(R /0N S A 0 38 3 T ST T 3R 0 T 1 1 8 Ak B B g 3k
SEALAE Sk B X 3 885 . POD Al i Ak 3 4804k 4y 1 5 st
13 285 9y 19 4 ik o8 5 P 4008 77 26 RO Bk Ak 1 - iR
A5 SOD "] i B = S AL W 1 B F A gk 77 AR XA
WA ER H, O, ; CAT MW BRd &1 H.O,, 5 SOD,
POD 1 CAT — &R ¥ R G %2 A iR E.
SRR AE WS KR B A AR AR Y
WAL R 555 35, SOD,POD #il CAT 45 Hi & 1k il

PR S T B ST R AR SR I M A A
FEREAR I B A B LAY RE TS BN T 2R 8 &
YERMLA 9 FE . VB, J& — R AR 5 14 2 9 Bt A1k
S AT RO K LR S Ao T R A ) s T 7
R AN R FE BT AE Y 44 B B T Bl
TF 9EAR 4y 1 AR A 3 A AR L 4R R B n] e AR
FREY) OB — 2 U R AR AR i VBs |
CoB J& , R Lh W 0 5 Bt 4 1 il % 5 25 v T) 30
HE, H VB; 0.03 g fl CoB 0. 04 g Ab¥E R 2 &5 2
F. RYINE VB, (CoB &M, Hi ¥ 4 Ak il 5 7k
P E B A i LR g R Rk A RO BE T A
RE T aF A FR A 35 . f el DL, VB, L CoB 7 — 2 2
JE 1 3G 0T AR R TP oA A T G IO X 3 4 A%
fF, Tk — 2B I R AN E 44 3R VB . CoB &4 T Y
P BB MR M S O T AT .

MR B FETOCEERN EEAR HRER
A RS AZR B A BB VMR W E S
WREY T ENIE R, TREMSEE - E/RE L
RERBAYOEAE R SR 5  R  T iR A K R H
MR oL . SPAD R nf R i &8 22 (4 A X 5 &L 5 0t
BESTREIEM, AT UAE SRS R®MN S — R
R AR P G RE 5% Ak R fh A RE 1 B
TIfE 2P WA A K B i ) A R SR
SRR e B, AR 2R A B 3h A A T A R R
R E AR IS bR, EAE LA BT w4+ 20017 A
“ETURE T AN UM A 1) R 2 A R R
AHCREMMY TR ENER. KRG PR ER



270 KPR R

%31 &

WHbRE R EH T 3 Fik i G B F1E MR

2 I FIRFE L A P i 7 i PS T AE b Ot Be A 3K

AL 33 B 15 PE AL R YRR IE W 5 6B B M E

B RN B BEAT . PSTT G 8 5% Ak A i v 424 i

DR E AR e b B E LA . DR Ak Bl 35 7

ZEGTEAMCEOCHERE M., AR EN,

VB, 0.03 g #il CoB 0. 04 g b FAH L [F] 51 x5 BBt S 4k

Mifg 36 M ISR R S A R ok G ORI A BoE R

=L AN B9 ES B (B NPQ AN Wit 4 E -5 21

B TR . M AE BRI A VB L CoB A B TR

Rt g R A L E g PSRN i 19 6 Ak 2

T AT PSIL ) SE B o A% 338 SR T 5 » 52 i) 2] 48

Yt R A AEH, o E A E R VB WA F] T A

HERNESE U Z, FEOLEHRE TR, 42 L,

VB .CoB Hi F A m s/, X £ 5 3 53 A% o 2 1 &

AN FEEREAE Y A K T RN ) AR )

Jig R 38 P W AT, — 5 1T FH T A ol — S il 1)l il

sl S B RN L A AR ) R R AR s S — T

AT X HL 4% 326 e 2 VR L 52 T A ) 4 G 1) G 24 1

s AVEH - i 3 B 22 0 A HILE 3 DT AR 2 A RR Y

AR 5 I R B AR AR A PN A AR S T AL A v v

JEE 1 i o 790 £ T B 2 0 AR 4 % At 5T A I i, B

fl R P A KO 5 o 7% R OE A O

4 5w
(DAEFEE Y VBs Fil CoB XT3 2 &) 1 £ 10 45 A

TC B A FEAE AL VB, Bt i 2 SR O 50 i AR

BCIE ARG,

(2)VB; 0.03 g Fl CoB 0. 04 g b3, X 37 544 4
R B B R A K BSOR B  SE R YR A ok
SRR X R R AT (B 2 M g L (H 2 N 0 AR B
KRB FIFERCR BT i CoB 1A 248 & Fn
BAAHREE = T VB, e in VB .

O AWFFE R SMEYE A R Bs 1E A7 HLE 52/
G35, A S B 4 5 S R A 0 AR K AR R
e EAEH RIS & B & CoB tnT DL 2] 47 [/ 19
YEFR ABSMIEAE A 2 VB . CoB X 44 7™ A= /B ) N
TEMLHL G 2 0E— 2 il 5 A 7 30 i .

SEk -

(1] BR2EFREHE IR, & Y At S 2l & e
BRREER WM FE RS R REILT] £ 22,
2010,27(4) :598-604.

(2] XUZEs E2xs o B &, 48, b B S =l & R &
BESHI]. I 2 ,2012(20) - 164-168.

[3] H#e K.k e, TR, % FEAVIERS“AE 7%
ST BER B R e [T ). A ) AR S IR R,
2013,1(4) ;868-877.

[4] Khan A, Ashral M. Exogenously applied ascorbic acid allevi-

ates salt-induced oxidative stress in wheat[ ] ]. Environmental

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

and Experimental Botany,2008,63(1) ;224-231.
PAPG T 887 B, ok B S, AR MR AR E X T E
oK A R 26 A SR AR 1 S [T . 95 I AR KA
24 CH R B IRD ,2009,26(4) :313-317.
TEFH T — 44 F0 0l 55, AP IRZELE R X 3 aa T 20/
KL AR B A A B9 s LT . 7O mg ROl 4l . 2012, 25
(5):1625-1628.
ZEURFC AU RIS A R E AR I A IR SR A
KA Z )] 76 K% %M (A RB 10,
2013,35(5) :145-151.
JE B S H. A AR BRI A B A BT R A I AR R A
L)), B A5 #R B )~ 4# . 2006, 12(6) :869-873.
T, B IR ER SR BT A5, MR YEA: Z R B E T i R T
B R KA B AR KRR R L) . RIS 3, 2010(7) < 41-42.
LT He ok — 24 TR0k . 55 SR IR 44 R xR a8 T 20/
LA AR B A B S [T ], 74 g Rl 2 4 . 2012, 25
(5):1625-1628.
Beoc, St )il oo, 4. 4k AR BL.B6 AEK MR 2.
A—D XU R R R B R R e s L WY
2#4.2014,33(2) :477-482.
Chen H, Xiong L. Pyridoxine is required for post-em-
bryonic root development and tolerance to osmotic and
oxidative stresses[ J|. The Plant Journal,2005,44(3) .
396-408.
BVELEREC UL E MM R LR R ERE
KAL) ] EY 443k, 2015(6) : 150-154.
PRIGTY. 44 R B X T R R A R ADLEE M1
LT AR A K A2 ], 1995, 24(4)  410-413.
TR AR P e, S 4 A By it B R] 05
B0 LSRR BT S ) ). A R S IR R s R,
2016,22(5) :1348-1355.
UATAE B, W HE R LRI L S AR R KRB UV-B 4R
S8 i LA 56 T XU R 48 M PSTT i Ak 2 305 1 5%
i A3 M LT, AW A A %A, 2011, 35(7) . 741-750.
WU B R Ak e, B R AR IRIR 5 T o - 5 PSTI
't R W AN e AR A B 5 R M 0 D6 R . Hh R
B ,2011,44(9) :1855-1862.
B BUKAE S A OR AT R IR J7 3 < % s
A O R R AR T i S LT . o E A
Bl2%,2015,48(22) :4517-4528.
PR, R, M Ok 5. ZIREX SRR R LY
s ) A L)L AR S AR A, 2012, 32(3) - 823-832.
Lin Y C, Hu Y G, Ren C Z, et al. Effects of nitrogen
application on chlorophyll fluorescence parameters and
leaf gas exchange in naked oat[J]. Journal of Integra-
tive Agriculture,2013,12(12):2164-2171.
fTEE . KITE, TATE &, BEE it 3R B oG
ARG R RE R L], t Rl B
2013,46(18):3826-3833.
L N CATTINS S eI e o= 7 N i (DO
HRZ AR AN L AR R S LT ], v B RO B2, 2012,
45(17) :3639-3645.
RTINS R R R 5 N T



e A RUEE AR [RL A VB, L Co B X 32 55 4l 8 A 2 R 0 20 4 5 ) 52 i

271

[24]

[26]

[27]

[28]

AR ARN YR B a1 ) TaE Y. 2011,31
(5):695-698.

Baghizadeh A, Ranjbar S, Gupta V K, et al. Green
synthesis of silver nanoparticles using seed extract of
Calendula officinalis in liquid phase[ J]. Journal of Mo-
lecular Liquids,2015,207:159-163.

Innocenti A M, Bitonti M B, Arrigoni O, et al. The
size of the qui- escent center in roots Allium cepa L.
grown with ascorbic acid[J]. New Phytol 1990, 114
507-509.

Shi H, Xiong L, Stevenson B, et al. The Arabidopsis
salt overly sensitive 4 mutants uncover a critical role
for vitamin B6 in plant salt tolerance[ ]J]. The Plant
Cell,2002,14(3) :575-588.

EARE X = . AMR A R X AE Y Ry T LT L AR
W2 # 4 ,1995(11) .6-7.

L8 g oS SR = i R B B U 7S R i

(k3% 248 7O

[13]

[14]

[15]

(16]

[17]

Harter R D, Naidu R. Role of metal-organic complex-
ation in metal sorption by soils[J]. Advances in Ag-
ronomy,1995,55(8) :219-263.

SRR 26 AR 22 R VR G . 4R S A7 IR VEDTA 7E JL A
B 2 BAE AT ST L) ] 124, 2002,39(1)
29-36.

Kizito S, Wu S, Kirui W K, et al. Evaluation of slow
pyrolyzed wood and rice husks biochar for adsorption
of ammonium nitrogen from piggery manure anaerobic
digestate slurry [J]. Science of The Total Environ-
ment,2015,505(2) :102-112.

ZER PR P R SR AR ST M e o A B L 1
W BT BRd TAR 244, 2013.7(3) 1 1024-1028,
Gundale M J, DeLLuca T H. Charcoal effects on soil
solution chemistry and growth of Koeleria macrantha in

the ponderosa pine/Douglas-fir ecosystem[ ]J]. Biology

(LB% 261 R)

[23]

[24]

[25]

JAZhRS  EF TR BT, S A R o K RE I AR G R
I R RIS TR SR L] RS A,
2016,35(11):2952-2959.

LiangY, Leonard J J, Feddes J J R, et al. Influence of
carbon and buffer amendment on ammonia volatilization
in composting [ ] ]. Bioresource Technology, 2006, 97
(5):748-761.

Steiner C, Slaser B, Teixeira W S, et al. Nitrogen re-
tention and plant uptake on a highly weathered central
Amazonian Ferrasol amended with compost and char-

coal[ J]. Journal of Plant Nutrition and Soil Science,

[29]

[30]

[31]

[32]

[33]

[34]

[18]

[19]

[20]

[21]

[22]

[23]

[26]

[27]

[28]

RNAFFE LA ], A AR ,2010,29(3) :292-297.

sk, skl DT L %L £ R A XY R
G VE AP A AR E M s [T ], A2 S 24, 2013, 33
(5):1386-1396.

TRLLE A KON, S8 &0 T4 A R B 7
JEZARZEARLT ). Bt Y 2412, 2013, 34(6) : 1050-1053.
SCAF L. TSNS X 21 LSRR B IR AR S B
BN LD, Bepitg e P AL ARAMABH L %, 2014,
ZEMRE L IRMRER RN AR R G R S
R i SPAD B M R L] U LAk 22 Be 2= 4l
2010,25(2) :35-39.

R BFh » 22 4% , BUe i, 4. J 7 X A [R) Al AR [R) 5
S B AR B AR Mo B e R AR S R s L . R
Ll BF2#.2016,49(18) :3597-3607.

B == A E A N R, A X SR A R s
FotFgehaemszm )], A B Rk B2, 2015,48(1)
130-139.

and Fertility of Soils,2007,43(3):303-311.

SR BT 2R A . A i A L R
K HARAE L], 4R35 2%#) . 2001,21(10) : 1718-1725.
BRE L R T M 30WE L S SR T A K I - R B
TR A B LT, BRBE R 2% ,2012,33(12) :4088-4093.
Faobk A 15 06 AT A 5. A K T T B T A IR
SR XI5 LT, 7K L IRREE AR 5 2006, 20(2) : 82-85.
T MR, ERERL . CAd/Pb i T b &4 R
B oA 8 e BOE RS ARAELT ], 22 MR 224 4 (A A R 2%
Jif),2012,48(3) ;18-22.

TR A A E FTREXGMZIS R+ F Cd
A Pb ZEMM R 0 BASEA LT]. 70 db Rk 2 4
2011,20(3) :62-66.

Zs e L 3 S A 1) B L 25 R [ 4l Ak b R it 9 T ok 1T
HhE g+ B ORI 5T [T ). W HE K 25 42, 2016, 35
(3):42-44.

2008,171(6) :893-899.

Fan F L, Yin C, Tang Y J, et al. Probing potential
microbial coupling of carbon and nitrogen cycling dur-
ing decomposition of maize residue by '*C-DNA-SIP
[J7. Soil Biology & Biochemistry,2014,70(3):12-21.
R EEIRNG TR =k A ANl MR Bk BN A R A
A R HEEAE L i [T ). R BER A2, 2009, 30(12)
3465-3470.

Lin D X, Fan X H, Hu F, et al. Ammonia volatiliza-
tion and nitrogen utilization efficiency in response to u-
rea application in rice fields of the Taihu Lake region,

China[ J]. Pedosphere,2007,17(5) :639-645.



