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Agricultural Environment, Ministry of Agriculture and Rural Affairs of P.R. China, Beijing 100081, China; 2. Yueyang Agro-Environmental
Sciences Station of Chinses Agriculture Ministry and Rural Affairs, Yueyang, Hunan 414000, China)

Abstract:  Objective Red soil is one of the important soil types in China. Its low fertility is a problem for agricultural output.
Exploring the effect of different improvement measures on soil fertility is integral for realizing sustainable use of middle and low
yield fields. Method In this study, dryland red soils derived from Quaternary red earth were collected from a field experiment in
Yueyang, Hunan Province and used to measure the changes in soil pH and nutrient contents across different soil layers and years
of different treatments. These treatments included fallow (F), no fertilizer control (CK), a single application of inorganic fertilizer
of nitrogen, phosphate, and kalium (NPK), inorganic fertilizer combined with straw-return (NPKS), inorganic fertilizer combined
with lime (NPKL), inorganic fertilizer combined with amendments of organic crushed-bones (NPKA), and inorganic fertilizer
combined with commercial bio-organic fertilizer (NPKC). We also compared the activity of enzymes related to carbon, nitrogen,
and phosphorus cycles in this soil using the microplate fluorescence method. Result Some treatments significantly affected soil
nutrients and enzyme activities. Soil organic matter (SOM), total nitrogen (TN), total phosphorus (TP), and available phosphorus
(AP) in the 0-20 cm soil layer treated with NPKC in 2020 increased by 73%, 29%, 61%, and 1 847%, respectively, relative to the
control. This treatment also significantly increased the enzyme activities of the enzymes that participate in the carbon cycle,
including a-1, 4-glucosidase (0G), B-1, 4-glucosidase (BG), B-1, 4-xylosidase (PX), and cellobiohydrolase (CBH). Also, the
activity of B-1, 4-N-acetylglucosamine (NAG), which is involved in the nitrogen cycle, was increased. Correlation analysis
showed that SOM was significantly positively correlated with enzyme activities of aG, G, X, CBH, and NAG (P < 0.01).
Additionally, the pH value was significantly negatively correlated with acid phosphatase (ACP) activity (P < 0.01). The effect of
improvement measures on the enzyme activity of 0—20 cm soil layer was greater than on deeper layers. In 2019, compared with
the control, NPKA treatment increased CBH enzyme activity in the 0-20 cm soil layer by 352%, but only by 2% in the 20—40 cm
soil layer. Besides, ACP enzyme activity in the soil also showed a trend of increasing with years of treatment. Conclusion The
combination of inorganic fertilizer and organic materials can significantly improve the nutrient status and soil enzyme activity in
red soils. This can be used to efficiently improve the fertility of barren red soil.

Key words: Red soil; Ameliorative measures; pH; Nutrient content; Enzymatic activity
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Table 1 Dosage of improver applied and reference standard

wE AP

P205 Kzo

Qb3 AN

Treatments / (kg-hm?)
/ (kghm?) / (kg-hm?)

2 R A it

Ameliorative measure

FE Sy

Main components

F _ _ _ _ _
CK — — — — —

NPK 325 525 75 — —

NPKA 325 525 75 2250 kg-hm 2 FAHAEHLUERY  2.37%N, 3.89% P,05, 2.40% K,0, 26.2% C

NPKL 325 525 75 1125 kg-hm 2 2L 47 Jg 122 —

NPKS 325 525 75 2250 kg-hm? EEEYFEFFEY 1.00% N, 0.21% P,0s, 1.39% K0, 52.5% C

NPKC 325 525 75 2250 kg-hm 2 JLlAEAPLUIERY  1.52% N, 1.25% P,0s, 6.18% K,0, 27.0% C
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Fig. 1 Diagram of the experimental plot
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A R bR e ik 2% (R T ) P,
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rmin ' FFEHEIR IR 5.0 g HIEEP RS A M S AL,
B ARMAE I BN 43 B A LA

XFFFE A HE AR BB IR AT KB a-1, 4-FHETT
it (aG). B-1, 4-HMEHEE (BG). B-1, 4-AKWEH i
(BX). 14 —WiKf#EG (CBH ). =AM AN
(LAP). B-1, 4-N-ZPFEHEZA LA EEE (NAG)
FRRMEBRREG ( ACP) DL K S5 F AL I i 72 1 22 1

AR (POX) Al S LW ( PER ) 36 PR TN E
T2 CHARHRIOINAE BRSO SR, Hod, gk
i A 155 P 00 2 SR PR et R AL AR 26 S 3k 1220
HR: AT 1.000 g T HAYEE 1 F 100 mL 1
HIELAE T, mEOE T S0 mL BAiK, e
X EFEATIRA) G B FRERT, 7 180 r-min ' Ay
TR 30 min, BHEHR, KITHBERERE 500
mL B, JFFH 50 mL BB 4liK vhye s O KAE
TERE 108 P BB RE T m Sl LAR A . B
fL. 2 F ALK FRUESL R YA 200 pL 43 2%
W, BT BEFL 2 % LR A 200 pL 4846
Ko SRIG , FERAFLFABIPEXT AL 20 A 50 uL IS
Y, SRR AR HEFL I 50 pL B e 5t
(10 uM |9 7 - amino - 4 - methylcoumarin ( AMC ) I
4 - methylumbelliferone( MUB ) ), %5 FAfLHAINA 50 pl
AR, AL 8 NE A O RIGF R RFLAR 3
FJSTE 25 CFROGEE 4 ho MERT, MAEFLH
JIA 10 mL 1.0 mol-L™" ) NaOH 2 12 1, ek

http://pedologica.issas.ac.cn



1164 + 1

=

59 &

HUE KR 365 nm. KSR K 450 nm AT
e o Ak D iR FH G €20 328 W B A FE 23 D16 B
TRMERY, R R RE L, (HARTE
BERN NS H AR fE LRI K AR IEASL , B 8 4
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BN IS B PN B 5 T RE R AR IR B nmol R .
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AL GIE D & - e ps M A A s .
TR Bt 0 PR A 2

T Lhl o) = 9 64H x100 mL |
i th(omo g Wk Z K> 0.2 mL x N E)(h) x 1 H(g) (1)
B9 (flour) = [ﬁ“fiﬁ;; W] AR (2)
R Z ¥ (flour -nmol 1) = bt (3)
0.5 nmol
s DR B it 0o i
/K R = 4
WERKZRHEL e (4)
AL SR G TR A
T RS N PG x 100 mL
Wit (nmol -h™-g™") = 7.9 umolx 0.2 mL x i H](h) x - T (g) <100 (5)
OB = i OGRS ) 0T BR—A 0 BB (6)
T L A R K (Vector length ) il & /& ( Vector angle ) T84
LN(BG) NG T
] 5 K & (Vector length) = { LN(NAG+LAP)} _{LN(ACP)} } (7)
] &K i (Vector angle) = Degrees {ATANZ[ LN(GS) , LN(G) }} (3)
LN(ACP)’ LN(NAG+LAP)

A, mEKE (Vector length ) 4, G 1-1E5E
ST SZ B BRI A, o 7] 5 #A B2 ( Vector angle ) < 45°
Fa LA BE ( Vector angle ) > 45°43 | %R H 15751
PEFRAT H5 ik A9 B Tl ANl B 0 o) o A9 ( Viectorr
angle ) = 45°F 7R TIEFR MG 32 R 77 53 0 BR ) 25
AR,

I SPSS 24.0 HLIHHK T 2253 1 ( one-way
ANOVA ) 73 #r LB [ AL 3] pH Je %0 5 i 22 5%

ZICTT AT LR AL B | AEBR A2 R A HAE
PSRRI, MRS AEAS T K bhAL 2019 4EF0
2020 AFEFIGEPERY 2R, Pearson FOCAMHTHGE L4
G PE S pH, RS Z B RN, WEMEKE
B R P < 0.05 - S BG4 A2 AL A IR 18] B Microsoft
Excel il , B 1 4 -5 3% 43 45 b5 2 [8] 9 5& &R B Canoco
5 B2 TC Ay 43 A Bl ( Redundancy analysis, RDA )
KR
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Table 2 List of soil enzymes tested

it

Enzyme

Wit e EC ¥

Process involved Substrate

o-1, 4-FHEE -1, 4-Glucosidase (aG)
B-1, 4-FHHFFE -1, 4-Glucosidase (BG)
B-1, 4-AKWEFFHE B-1, 4-Xylosidase ( BX)
-4 — WK Cellobiohydrolase ( CBH )

L8 B2 &K Leucine amino-peptidase ( LAP )

B-1, 4-N-Z Bk a2 FL A5 % BE T AfF B-1, 4-N-acetyl-glucosaminidase ( NAG )

R PEBE IR i Acid phosphatase ( ACP )
2T % fLE# Phenol oxidase ( POX)
13 ALY Peroxidase ( PER)

TAEIR 3.2.1.20 4-MUB-a-D-#i 2
TRARIR 3.2.1.21 4-MUB-B-D #iZj
TARIR 3.2.1.37 4-MUB- KB

TRAE 3.2.1.91 4-MUB-£F 4t — fi 7
ARG 3.4.11.1 L@ MR-7-HHEFHE
RN 3.2.1.30  4-MUB-B-D-Z. i i 52 4 % WE ST
BRI 3.1.3.2 4-MUB-B BR 5

AL T 1.103.2 L-3, 4-TRIIENER
AL 5 1.11.1.7 L-3, 4-TRILIENER

2 4 R

21 ARYREBTIEpHRAESSETH

& 3 FIFE 4 4390k 2019 4EF1 2020 4EA A2 R
R 2L pH RIS Sk, aTRLEH, A
A2 RS XF 20~40 cm )2 pH KIS A5
Wi A 2, DRI T R S X AN ) e R At 0~
20 om )2 pH K FR5r & BN W40 Hr . 0~20
em )7, THUEEDMAE A K (NPKL) SkR)f5E, -
B pH W . JOHLIE F it A s 7] ( NPKA.,
NPKC F1 NPKS) &, :HEPANLE., 2% . &k
FIAG R & i 8 T CKL Horh, NPKC 4b B 2019
AR L A BRI R0 A i A CK
T 46%. 6%. 35%FH1 957%, 2020 4E5r Bl
T 73%. 29%. 61%F1 1 847%., HELEEWEMRIG,
TEAPLR SR NPKA AR, 30k
10.51 g-kg ' H1 12.00 gkg ',

ZICH ENHT LA AEBR R )R KA
YEFXT pH KI5 S R mas sk 5 s, M
K ATLUE 1, AP SAERR A 3C B DL AR AFBR
M+ 2 =FL XL pH RIS HEIF LR EY
Mo AR )2 AR G 3 A 58 E A AT 8 3 R i 4T
AL, A . B AR RO it
(P <0.05), T4 BRAt 4 ZUR A it 0 7 1t i i fh 2%
(P<0.05), iXUdIAALFA A 2 X273 pH K F250 &

AR R K T AR PR
2.2 AEMREET ISR F NI

2 J& 2019 4E A1 2020 47 + )2 + e E M )
Ak 1 0~20 cm 12, NPKL H oG, BG. BX Fll
CBH S50 P BE VE 0T NPK, ZAfEFF LAP
it 135 4 G 2 v T LA AR B, BEAEER ACP S M D
FEfik. NPKS ', BRI oG. BG. BX Il CBH Jiff,
RIEH NAG EEFIBEIEIR ACP EEIGTEM B E & T
CK, H CBH EE PR CK 1Y 5.58 f% (2019 4F)
F14.93 4% (2020 4E ), NPK. NPKA HI NPKC 4§
¥y i E T PG oG, BG. BX I CBH
7%, NPKA 1 NPKC 6 A] $2 55 + 5 b A JE
NAG [iff 15 P .

P 4 2 WG P & B, 2019 4F 0~20 em +
JZ NPKA il NPKC 4h# v CBH il {if 14 7 51 3¢ CK
LT 352% M1 142%, 11 7F 20~40 cm 1 2 H: CBH
it 1% VAL 53 18 CK $ i 1 2% 29%., K 6 45251
i s 21 B S o =S o V@S Rl (S R o
5 i AR R R A OCEEE M (P <
0.05 )oK P AF -+ 398 il 75 PR R A7 A S7 %k T 4G 56 % BHL
PIAE e ACP WG 2Z R B (P<0.05), B
MRAERR Ay, T ACP WEE M W E . 25
T, A R P AN [ R L e ) e A T
RIE S R 0~20 em )2 M0 RACRE T
20~40 cm 2, R o KR A3, o AR
7 SL R
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Table 5 MANOVA analysis was used to compare the effects of treatments, interannual and soil layers and their interactions on pH and nutrient contents

AHLE £ £ el Tl A &
P SOM TN TP TK AN

Qb Treatments 15.905™ 4.775" 3.5217 8.103" 1.233 5.059"

+JZ Soil layer 1.917 70.205" 78.669" 101.633" 0.605 45.853"

PR Year 1.128 0.757 27.555" 2.502 17.212" 4.085"

Qb x )2 Treatments xSoil layer 4.683" 4.857" 6.322" 5.9" 0.249 3.477°
AbFEXAEPR Treatments x Year 0.731 0.847 2.055 1.317 0.962 0.47
+JZX4EFR Soil layer x Year 0.149 6.098" 10.116™ 9.276" 0.14 2.307
Qb Hix 4 JZ < 4F R Treatments xSoil layer x Year 1.218 0.615 0.661 1.164 0.4 0.423

AR A PR T2 HER HAER

AP AK #e it CEC NO,-N NH,"-N
Qb Treatments 9.15" 1.794 0.77 5.248" 0.957
+JZ Soil layer 67.902" 25.283" 18.915™ 0.005 4.86
PR Year 0.507 6.997" 13.342" 93.49" 32.232"
Qb Fix + JZ Treatments x Soil layer 8.458" 1.654 0.071 3.072" 0.851
AL FEXAEPR Treatments x Year 0.627 0.324 1.144 0.594 1.245
+ )2 x4EPx Soil layer xYear 2.903 2.407 9.872" 0.012 4.016
Qb PR x 4 JZ < 4EPR Treatmentsx Soil layer x Year 0.736 0.609 0.166 0.178 1.511

. *P<0.05; **P<0.0l, F[F, Note: * P<0.05; ** P<0.01. The same below.

Fz6 ZUAEHMILELE. ERMIERETEEANOIEIGEENTMm

Table 6 MANOVA analysis was used to compare the effects of treatments, interannual and soil layers and their interactions on soil enzyme activities

oG BG BX CBH NAG
Qb HH Treatments 91.168" 81.965" 73.69" 232.266" 111.002"
+ )2 Soil layer 1828.205™ 2123.948" 1663.977" 3570.239" 3069.7917
PR Year 66.922" 134.209™ 19.089" 6.621" 41.98"
Ab P x 4 JZ Treatments x Soil layer 38.832" 59.732" 54.078" 198.269" 53.949"
AL PEXAE PR Treatmentsx Year 13.023™ 7.608" 9.043" 21.326" 55.627""
+JZ<4EBR Soil layerx Year 4.259" 58.211" 0.966 37.388" 102.575™
AbHx 4 JZ x4E PR Treatments x Soil layer x Year 227717 4.673" 8.704" 20.232" 53.952"
LAP ACP POX PER
Qb B Treatments 435.442" 187.955™ 4.403" 28.046"
+ )2 Soil layer 797.099" 828.909™ 0.182 20.782"
PR Year 327.786" 1243.424" 62.161" 32.3"
Qb P <+ JZ Treatments x Soil layer 433317 65.0317" 4761 49451
AbPEXAE PR Treatmentsx Year 201.285™ 64.381" 11.279" 33.637"
+JZx4EBR Soil layerx Year 360.138" 359.651" 7.776" 44.109™
Qb Hx + 2 X 4EBR Treatments x Soil layer x Year 198.386" 22.473" 10.17™ 60.118"
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in the same year indicate significant differences between treatments ( P < 0.05) .
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Fig. 2 Changes in the activity of soil enzymes in two soil layers in 2019 and 2020

23 ARMREHEITCIERTEXFITENEW
7 RS IR R it X £ S TS R A R Y
SO o AR AR TR T b 04 B R ) i A
AT, A5 Ab A Y A7 BB IR 3 AR IR 4> BRI
2019 4F 0~20 cm 12 NPK S35 40 R 55 43 1 B
il S 2 R TS el B 7 A 4b 3 ( NPKA . NPKL
NPKS. NPKC ), {HH3Z55% 45 (14 BRI 2 B 1 2 /N
F CK; 2020 4F 0~20 cm + )29, NPKA F1 NPKS
ZH R R FEE AR, NPKL 22 Z R, NPK .
NPKA. NPKS. NPKC. F il CK ¥ W & ryBR i,
H F @R ER AR, 20~40 cm TJ2LL F 28
ZRRHIR, LT 2019 48, 2020 AETRINE R

f4EFE (NPKA ., NPKL, NPKS. NPKC) HifkZ Al
B3R #5000 BRI AR B2 1 35 KT NPK 3, /T CK
FUF b2, U Bt FH el K590 T DACA 380s 3 0~
20 cm HJRMFES, (Al THOE LSR5y 7 6™ &,
HLE 3~4 aBt Kb A B AT AR #E 20~40 cm + )2
TR IR R 3
24 ITEMEEEIEFRSSENKR

(1) I3RS TS L 1SR & 5 ) RDA 34T,
Kl 3a & 3b 4358 0~20 cm F1 20~40 cm + /237
oS HEERE R TUR AT AR, BRI+
ST PE AR A I S T TR 3a Hp i AR B TTARE
FEAIN) 52.48% (P < 0.05). MEHATLIEH, 0~
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20 cm 1 JZ NPKA . NPKS I NPKC W] i K H
PZ 4 SOM ( 18.4%, F=9.0, P=0.002). TP
(22.3%, F=11.5, P=0.002). AN (19.2%, F=9.5,
P=0.002) %FE4r SR, CK A F K%K, 2+
HEFRAY SRS B /N, NPKL Ab 35 il 375 M B 5
RETEZ LI pH BN (20.8%, F=14.3,
P=0.002 ). & 3b H i ReAs 2 AT A BEAE ALY 28.09%
(P<0.05), NEHRATLIE H, 20~40 cm 12454k
FRBA B RS, RIS [F] el R At 0% 1 )2 BT
PES AN 2% . i RDA ZMr g SR mr s, AFE R
5 it 0T 213 0~ 20 om = J2 Hp I 14 19 5 ) B G 5
TSI 0 35 4 Y pH U4 = L LAP
T, 7T At A R it D) 3 ok el AR A R A R ok
500 - SR

(2) LRSS LR S R, R
8 J& 0~20 cm. 20~40 cm T JEHHEM 5 HIEFE
St ARSI BT L PR R AR B A R A
WZEMAHERR ., NRPATLIE R, 0~20cm +
2, aG. BG. BX. CBH., NAG 5 SOM, TP, AN,
AP M B FEIEME (P < 0.01), ACP fil POX 5

NO,-N # it F IEAE (P <0.01 ), LAP, ACP £ PER
5 pH W E#F (P<0.01) S EFHH K (P<0.05),
5 0~20 cm +2HHH,20~40 cm + 21X BG F1 CBH
WS SOM, TP, AN, AP B B EFIEMHRK (P <
0.01 ), LAP 5P R 5 AN BA B A P <0.05),
ACP FIl POX 5 AP B2 E AL (P<0.05), Mt
2GR BG A1 CBH fff i S 4R R B £ %
SOM. TP, AN F1 AP (50, pH XJHFZ M A i 2

3 1 ®©

30 ARIMEIEHEITLIEFRS BN

WX AR (F). Aiie (CK ). S TTHL
JE (NPK ). EHLEEF A4 B (NPKS ). JeHLALAD
Jiti A= A7 K ( NPKL ), JEALAE B it & 83 A ALAE ( NPKA )
AIEHLAE BC it A 278 HLAE ( NPKC ) %5 540 K5 it X 41
AR e RACR A B, 5 CK M, AFES R
MEXTLTIE 20~40 cm +)2 pH M FFR5 & & B 5 I
AR, (BB ES T HEAE 0~20cm £2F
LT . A . WA & &, HLL NPKA I

x7 ARMRERENIIEEEECFITENET
Table 7 Effects of different improvement measures on the stoichiometry of enzyme activity of red soil
2019 4 2020 4
T2 Qb
fi g R fia) 2 fi 1] = 1
Soil layer Treatments
Vector Length Vector Angle/° Vector Length Vector Angle/®

0~20 cm CK 1.47cd 60.1a 1.18d 58.8b

F 1.44d 56.8b 1.18d 68.3a
NPK 1.69a 57.4b 1.28b 55.3cd

NPKA 1.56b 51.9d 1.38a 56.2¢

NPKL 1.42d 48.2¢ 1.08e 42.4e
NPKS 1.51bc 53.6¢ 1.39a 55.8cd

NPKC 1.57b 56.2b 1.23c 54.7d
20~40 cm CK 1.62a 73.0b 1.25bcd 69.8cd

F 2.56a 82.8a 2.07a 83.6a

NPK 2.07a 69.7bc 0.99d 65.6e

NPKA 1.36a 69.1bc 1.36bc 73.1b
NPKL 1.00a 57.5d 1.43b 67.0de
NPKS 1.12a 61.8d 1.27bcd 70.5bc
NPKC 1.36a 67.5¢ 1.17cd 66.8de
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— — | b) v
. 2019 2020
F [ ] -
] v xZNPK +
~ . . NPKA * x
: / — + N NPKL v
o) / X | cre - NPKS + M
o / =S - x + NPKC ¢
d . N m CON— g W
g / S:] . . x X
= ] g + . ap
2019 2020 . ° P
CK o . sorr AN
o :
NPK + + o % +
'NPKA * x
S NPK% v v
NPKS + +
3 NPKC +  » = *
-1.0 RDA1 (29.29%) 1.0 -0.8 RDA1 (24.04%) 1.0
K3 0~20cm (a) f120~40 cm (b) + 2052 SHHEH RDA ¥
Fig. 3 RDA analysis of soil nutrient content and enzyme activities in soil layers 0-20 cm (a) and 2040 cm (b)
#z8 0~20cmF020~40cm L EMEFEMESTIEFT S SENHEXM
Table 8 The correlation between soil enzyme activity and soil nutrient content in 0-20 cm and 20—40 cm soil layers
oG BG BX CBH NAG LAP ACP POX PER
0~20 cm
pH -0.321"  —0.249 -0.282 -0.216 -0.07 0.805"  —0.504"  -0.297 0.334*
HHLFE SOM 0.453™ 0.438" 0.525" 0.617" 0.687" 0.198 0.28 0.131 -0.058
4% TN 0.339" 0.228 0.404" 0.5117 0.624" 0.204 0.463" 0.286 —0.142
4T TP 0.417" 0.424" 0.519" 0.655" 0.741" 0.316" 0.251 0.113 0.047
24 TK -0.009 0.184 0.032 —0.111 -0.179 -0.035 -0.405"  -0.317" 0.173
TfE A AN 0.554™ 0.593™ 0.616™ 0.608™" 0.591"" 0.055 0.083 -0.004 -0.051
AR AP 0.466" 0.503" 0.482" 0.608" 0.619" 0.113 0.146 0.081 0.052
HELAN AK 0.319" 0.37 0.354" 0.397" 0.337" 0.141 -0.032 -0.084 0.134
FH =S F 3¢ e & CEC -0.125 -0.166 -0.176 -0.107 -0.109 -0.257 0.153 0.24 —-0.016
HAZ NO,-N 0.249 0.119 0.399" 0.523" 0.621" 0.172 0.702" 0.443"  -0.174
A5 NH, -N 0.104 0.315" 0.119 0.036 -0.101 —0.164 -0.382" -0.083 0.121
20’\’40 cm
pH 0.102 0.229 0.419™ 0.208 0.309" 0.027 -0.066 -0.368"  —0.148
HHLFE SOM 0.197 0.4917 0.262 0.445™ 0.072 0.179 -0.086 -0.254 -0.072
2% TN -0.15 0.275 -0.103 0.209 -0.233 -0.082 0.129 -0.014 0.037
47 TP 0.242 0.519™ 0.345" 0.466" 0.093 0.19 -0.049 -0.274 -0.195
24 TK 0.124 0.054 0.236 0.082 0.097 0.175 -0.201 -0.086 ~0.053
Tl A AN 0.34" 0.497™ 0.336" 0.477" 0.124 0.336" —-0.254 -0.31" -0.163
B AL AP 0.447" 0.487" 0.392" 0.457" 0.312 0.115 -0.373" -0.347° —0.238
HAH AK 0.339" 0.088 0.197 0.177 0.141 0.266 -0.403"  -0.197 —0.064
FHEF 3¢ #e i CEC —0.459"  -0.335" -0.348" —0.404" -0.115 -0.205 0.311" 0.319° 0.102
HA%A NO,-N -0.286 0.03 -0.036 -0.036 0.004 -0.032 0.296 0.073 0.224
A5 NH, -N 0.48" 0.408™" 0.34" 0.435™ 0.072 0.063 -0.264 -0.279 —-0.308"
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P SSEERIR Yk S TNDRS S (e e 78 AN & e 1}
F, B LK AR AR ) A A W B, R
PEEFEEDY, 5 NPK AL, NPKA 1 NPKC &b
X+ HERAEH oG, BG. PX FI CBH M PEAYIE
TR B U, FTRER 1T NPKA Fil NPKC AbBEER T
N T R LR AW SR 34, I LA AN AR R 1Y)
BT AL S, S S5 mG I R K
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Sy fRE )RR E R B — R R S, BR)
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e ERAGIARE S A BTG, NPKL W E Ml oG
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148 pH A% WAIGAA XK BX S H5KMATE,
oG . BG Fl CBH 25K 4R, FEFFARR 322
DAL 4R A T R R A7, R xd + etk 47

e B2 5 TG YIS 2, e
ERE AT BTG . (BRI A K, BER
T+ T U8R pH, FR L T RRAE I AT Y fl pH
FW RO A T X L R R TG . 45 A AN ]
R A i X 2T SR A S R I A R (R 3 IR 4)
K&, NPKA Fll NPKC kb FE 52 T2 2 Th e i 1 1
PRFEFREA IR . TCHLIEEC it A AL ek R 7
CIRDS RO/ =/ s3Iy I fi57i e b= 1 RS R SR VN g i0E
A, SR HAE B AR EDY, b R e -
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HIVE .

ANTR] B 500 B T IR T o 1 198 3 )2 Bl P = A
S AL, W2 REAS [F] 1 2 TR BE A A A 52, A
G X; 13 0~20 cm )2 - 3ERGTE P 0 SR
BB ST 20~40 om +)2, WREEFEN HERZ
R T B2 nY g FE i Al % 2 1+ e n) A L
f (R3ME ), FMRRE, AFT L3R4
Wy ) AR AE DT (1 3% 2 - S AT Tk e i ), i 0
REERYIE N, — I R3] RSl L)
TR D, T IER AL S b, fi
filgiG PEREAIG s D5 — I RIEA R, fLBREU),
Bl A 0 P A 0 23R 7 B DA g 3 2 A AR

B ok RIS A ZE K, 0~20 em 2 ARk RS
it SRR IR ACP BEHEPERG N, 31X A G2 KA
TEE oMb ACP il LATE N A AP, (EUR DR AR
P A RILT 0.8 gkg !, HIEIAZAL THEBEA B
RZS, R 3 b BT ACP BTG M =22 18] AR ST
RNEIE . AT (F£8) K ACP BG5S 425
BB FIEASE (P <0.01 ), H Marklein 1 Houlton 1
BRI, ZAE AT LG5 - 58 ACP BERG M, AIfE
KA BAG IS FIBEE A Z 0] V2 G, ACP BEE P XT A
IR AR BE U, BE T h 2/ &Rt
TR IR B R, DT L ACP TG MY
o AR AL RVITEREIR G ARG T, A A & =
BTN, ACP BTG PSR,
33 rTEFSERRASLESREEENXR

T IEFE O i 5 A RS M AT DA [R] SRAE 44
HIRE 37K o i - B E 1 5 5% 4 & 5 ) RDA 4347
(& 3) FIAHEE BT (£ 8) A%, FEARFSEH 0~
20 cm )2, BEAMEH oG, pG. pX. CBH Il NAG
fiti 5 SOM Sl 2 1EAH G , AR 41 AT A A 58 mT 240
B WL A AR RN R B, Y gL
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Zh DT i - ST 4R i ) A, R el
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vEm s P AE R oG, BG. BX. CBH
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A NUE TR N BCE TR 20357 4 . S5t 1 4
SRl Rk e R i, 3 oG BG. PX. CBH
il NAG %2 5 A NGBS L8 PLm S
wEEVIME, FEBEEN AR BN T, BHEH ACP
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