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Abstract: [Objective] This study aimed to clarify the regulatory effects of the reduced nitrogen combined with controlled water,
biochar, and the nitrification inhibitor dicyandiamide (DCD) on nitrogen losses within a facility soil-tomato system, so as to provide

a scientific basis for efficient nitrogen use and sustainable green development in facility vegetable production. [ Method] A field plot
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experiment was conducted using facility tomato as the research object, with two irrigation treatments including traditional drip
irrigation (TD) and reduced drip irrigation (CD). Based on this, eight nitrogen treatments were designed, including no nitrogen
(TDNO, and CDNO), traditional nitrogen (TDNI1, and CDNI1), reduced nitrogen (TDN2, and CDN2), and reduced nitrogen
combined with biochar and dicyandiamide (DCD) (TDN2+BD, and CDN2+BD). During the topdressing period, soil N,O
emission and NHj volatilization, NO3™-N accumulation in the 0-100 cm soil profile, and tomato nitrogen uptake, yield, and fruit
quality indicators were systematically monitored to quantitatively evaluate the synergistic regulatory effects of biochar and DCD
under reduced nitrogen and controlled water conditions. [Result]Nitrogen application significantly increased soil N,O emissions
and NHj volatilization, with peak fluxes occurring 2-3 days after topdressing. Nitrogen reduction effectively suppressed gaseous
nitrogen losses, and the combined application of biochar and the nitrification inhibitor DCD further enhanced the mitigation effect
on N,O emissions. Although biochar and DCD posed a potential risk of increasing NHj volatilization, this adverse effect was
substantially alleviated by reduced nitrogen and controlled water conditions. Compared with conventional nitrogen application,
nitrogen reduction significantly decreased total gaseous nitrogen losses by 45.7%-56.6% and reduced NO53™-N accumulation in the
0-100 cm soil profile by 13.7%-16.2%. When biochar and DCD were applied on the basis of nitrogen reduction, total gaseous
nitrogen losses further declined by 49.4%-59.0%, while the reduction in NO;™-N accumulation expanded to 27.4%-30.0%, with a
clear suppression of deep leaching. Both irrigation methods enhanced the synergistic mitigation effects of water nitrogen
regulation. However, controlled drip irrigation demonstrated superior performance compared with conventional drip irrigation.
Under controlled irrigation, the CDN2+BD treatment reduced total nitrogen losses by 30.0% compared with CDNI1, with
decreasing the net nitrogen loss rate from 3.3% to 2.5%. This treatment also significantly inhibited deep NO3-N accumulation
and increased NOj3-N retention in the 20-40 cm soil layer by 27.1%. In addition, biochar and DCD increased the apparent
nitrogen use efficiency under controlled irrigation to 28.9%; TDN2+BD and CDN2+BD improved nitrogen use efficiency by
53.0% and 30.2%, respectively, compared with their corresponding nitrogen-reduction treatments (TDN2 and CDN2) (P<0.05).
Furthermore, the controlled irrigation with biochar and DCD (CDN2+BD) achieved the highest tomato yield (115.93 t-hm™),
while significantly enhancing fruit vitamin C content and improving soluble protein, soluble sugar, and total soluble solid levels.

[ Conclusion ] Reduced nitrogen application combined with controlled water, biochar, and the nitrification inhibitor
dicyandiamide (DCD) significantly decreased gaseous and leaching nitrogen losses, optimized soil nitrogen distribution, and
improved nitrogen use efficiency and tomato quality, representing an optimal technical approach for nitrogen reduction and
efficiency enhancement in facility vegetable production.
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RHAEH (£ 4) o b, WIRHESTET, WE&

LT it A= e 5 R AR A I 70220 1T A KA NLO HEI

AR K RE S AT, IRk N dE— P 3G i

2.1.2 EENLIFLERFHIRA KM 5 NH,
FERER B EBMWE 2 Frox. Bk b, XA
TDNO A1 CDNO [+ 38 NH; % K 38 05 &R ik HL
BHRE/NP>0.05), {H 51K 6.4 F1 5.9 mgrm™d s

R3S AENELIENHINEBEEEENESFESH (ANOVA)

Table 3 Repeated measured analysis of variance (ANOVA) of soil N,O emission flux under different treatments

FBIT Index K& Factor BiE df REE MS FRH Ftest P{& Pvalue
N>O HioH & JbFE Treatment 28456.892 18.73 <0.001
NGO Greiom T Kl Time 8923.417 35.62 <0.001
MbFE X I ] Treatment X Time 1876.539 7.49 <0.001
Fz4 TEELIE N HIHBEENEZAESHT (ANOVA)
Table 4 Two-way analysis of variance (ANOVA) of soil N,O emission flux under different treatments
F817 Index H#E Factor BHE df wHEZE MS FRYE F test P{E Pvalue
N,O HE/80H &= WE/K Irrigation 1 519.059 13.579 0.002
N0 emission flux 22 352% Nitrogen regulation 3 7079.078 185.199 <0.001
WEZK X % Z M5 Irrigation X Nitrogen regulation 3 51.432 1.346 0.295
CDN2+BD
L CDN2
L CDN1
4% - CDNO -
T @ g
‘ E
60 . | TDN2+BD ;é
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Fig. 2 Temporal dynamics of soil NHj; volatilization rate under different treatments during the topdressing period
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WA FILEIB LG 2 3 R BLIE R IG(E . B
P IR 2 /INIEIRE, T RE S i R R B A A A
A7 55, HHMEE S, TDNI b3 14 NH, 4% kg%
Y A 22.7 mg-m™>d”', TDN2 F1 TDN2+BD AbE (i
5 TDN1 1 ZBHAIG 21.0%H1 9.8%. 5 /Kii#E N, CDN2
A1 CDN2+BD Ab 3 1338 NH; 3 & 8 L BE 40 5 4 16.5
A1 17.4 mgm™>d', % CDNI (20.9 mgm?>d") 735 &
FPEAC 21.2%80 16.7%. G% 5 F, TDN2+BD ib#E
338 NH; % 4 T3 30% 48 TDN2 BT 12.4%, 1
CDN2+BD % CDN2 4b# s AT TH i, (HZERA D
(P>0.05) . MFIZEZF WK, CDN1. CDN2

I CDN2+BD ¥ NH; 7347 J2 38 2 4 5 3 E 11
TDN1. TDN2 il TDN2+BD 43 A% 7.7%. 8.0%H!
14.8% (P<<0.05) . JrZ&orbriion, AFZKEREAL
HE LRI IS TA) DA B, o A ELAE S R 3 S NH, 45Kk
(£ 5) ¢ WKL EEME LA TAERY B2
I NH; 5Kk (R 6) (P<0.05) . Zib, HH
THRESAT T W AT A BRI NH #50, dk— 20
KR TR HEAOR . (MRS RS, RS
A 400 o 700 P A7 398 I NH s 4 4 PR A AU

2.1.3 £33 NO HmG ML ERHAE hK7
ATAL, HORHE N, TDNI1 ARRE 43 N,O Al NH; 21

x5 ARAETIENLIELARRESNEAESN

Table 5 Repeated measured analysis of variance (ANOVA) of soil NHj; volatilization rate under different treatments

845 Index R#E Factor HHE df wHEZE MS F 1 Fvalue P{E Pvalue

NH; 45 48 % 4bF% Treatment 7 45327 22.156 <0.001

NHj volatilization rate  piiy Ty 41 28.641 48.773 <0.001
A3 X I ] Treatment X Time 287 6.892 11.734 <0.001

F6 ARELTIENHIZELZRENERFESR

Table 6 Two-way analysis of variance (ANOVA) of soil NHj volatilization rate under different treatments

545 Index E#& Factor HHE df InEE MS FR F test PA{E P value

NH; £ R H % #E/K Irrigation 1 16.609 52.123 <0.001

NH; volatilization rate o ¢4 43% Nitrogen regulation 3 281212 882,511 <0.001
WK X B % Irrigation X Nitrogen regulation 3 1.687 5.295 0.010

R ERHABEARELNIE T IE N0 RIHME S NH, RFUER BRIFIRKR

Table 7 Soil cumulative N,O emissions, NH; cumulative volatilization, and net loss rate under different treatments during the

topdressing period
i N0 NH; N,O+NH;
Treatment 2
BRI E HRE BERHsE PER BHRE HiRR
Accumulated emission Loss rate Accumulated emission Loss rate Total losses Net loss rate
amount (kg-hm™) (%) amount (kg-hm™) (%) (kg-hm™) (%)
TDNO 0.25+0.05 ¢ — 4.47+0.47d — 4.72+0.53 ¢ —
TDN1 2.18+0.14 a 0.79+0.43 a 18.44+1.55 a 5.70+0.79 a 20.62+1.59 a 6.49+0.65 a
TDN2 1.30+0.18 b 0.61+0.33 b 9.90+0.79 b 3.16+0.33 b 11.20+0.63 b 3.77+0.16 b
TDN2+BD 0.96+0.10 ¢ 0.41+0.22 ¢ 9.47+0.33 be 2.91+0.35b 10.43£0.31 be 3.324+0.46 be
CDNO 0.22+0.05 e — 3.91+0.35d — 4.13+0.30 ¢ —
CDN1 0.97+0.11 ¢ 0.31£0.17 ¢ 11.12£1.57b 2.94+0.57 b 12.09£1.68 b 3.2540.73 bc
CDN2 0.80+0.08 ¢ 0.33+0.18 ¢ 8.15+0.73 ¢ 2.46+0.73 b 8.95+0.66 cd 2.79+0.27 be
CDN2+BD 0.51+0.03 d 0.17+0.09 d 7.95+0.62 ¢ 2.35+0.62 b 8.46+0.65 d 2.5240.55d

K P RSB G A F NG RS AN F A ER A AE 0.05 K EESF B, TR

Different lowercase letters following values within the same column indicate significant differences among treatments at the 0.05 level. The same as below
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HeborE e v, 29k 2.2 A1 18.4 kg-hm™®, R4k iik
20.6 kg-hm?, 4% 4 6.5%. TDN2 F1 TDN2+BD
AR B AR A, Hoh TDN2 43 N,O il
NH; SRS TDN 437 K % 40.4%F01 46.3%, &
BUR IR 45.7%, FHURF %S 3.8%. TDN2+BD
AEE N,O HI NH; RIS/ A% TDN1 f 2 F#AIK
56.1%F1 48.6%, SR E NE 49.4%, 1K EE
2 3.3%. KRS T, CDNI 4 #E N,O F1 NH;
SRR ) 1.0 AT 11,1 kg'hm™?, Bk & 12.1
kg-hm?, #i2k% 3.3%. CDN2 4 # N,O HEi. NH;
FERMAERBKEE CDN1 435 N 18.3%;
26.7%M 26.0%, HHF S 2.8%; CDN2+BD 4b
H N,O HERUFI NH; # &8 CDN1 433l F % 47.6% 1
28.5%, WP 30.0%, (FHUAFREE 2.5%.
LR 4AF N, TDN2+BD. CDN2+BD 4bFf N,O HEL
53 % TDN2. CDN2 2 41K 26.2% 36.3% (P<
0.05) , HI0F NH; # & FEH KA K. [H]
R PFSACT N, P 7K AL 1) ool Ik 25 A % a1
WHLHE . CDNI1. CDN2 1 CDN2+BD k45t 2k 555
% TDN1. TDN2 1 TDN2+BD &3 4% 41.4%.
20.1%F11 18.9% (P<0.05) . WMAKE, HMHEZ
FRBET N,O 5 NH; #12%, 1 ok 2 S HL e it A= 49 ok

1000

M 0-20 cm 20-40 cm [l 40-60 cm 60-80 cm

800 [~

o H o |

600 -

o He |

400

IR RS A SR

Soil nitrate accumulation amount at different depth (kg-hm™)

200

Q‘IOHO"

MRH AL 770 2 25 4 A E %, Hoh CDN2+BD
RIIA, 7542 i 5 R R AN 77 T H A 1 [H]
2.2 +IEH|IENO,-NRIEIRE
AT AT T Ak 0—100 em 35 1
NO;-N [ 2R AL (K 3) » 53T EALEE TDNO
I CDNO AH L, Jit 208 Ak 3% 1 )2 1) NOs-N B i
BEE, B BB N 347.6 F1318.9 kg'hm™. 2
FhREK SR, ® % TDN1 F1 CDN1 Ab# 4%+
JZNOy-N S Bl TAENMA B ETw, B RHE
334 770.6 F1 715.8 kg-hm™ . il 040 B G 25 AL T
HITH NOy-N Z & . H % # ~, TDN2 £ TDN1
% LR 4.7%—25.0%, ERUEE N 13.7% (P
<0.05), TDN2+BD # TDN1 4L P % -1 2 FEA% 16.4%
—37.6%, RBLHEEFE TE 27.4% (P<0.05) ;
PEKIH#E R, CDN2 # CDNI1 £ )2 % 1.9%—
46.4%, EREE R4 16.2% (P<<0.05) , CDN2+BD
¢ CDNI1 %+ JZB#% 10.7%—49.7%, ERLE 8%
N 30.0% (P<0.05) . ZE%%1FF, TDN2+BD
A TDN2 464 290 0.5%—25.5%, RS W
F N 15.9% (P<0.05) ; ¥/Ki#E ~, CDN2+BD
AEEE 0—20 em K 2 A A& K CDN2 2 2 1

80-100 cm

i

TDNO TDNI1 TDN2

!
H AL #E Traditional drip irrigation

— LEARNE FRERORA FIAL B )L 0.05 KT b2 3.

TDN2+BD

CDN1 CDN2+BD

}27}({{%’/@ Controlled drip irrigation

G

Different lowercase letters within the same soil layer of the figure indicate significant differences among treatments at the 0.05 level. The same as below

B3 WIHKEBEARIELIE 0—100 cm HHEMESERENE

Fig. 3 Nitrate nitrogen accumulation in 0-100 c¢m soil profile after harvest
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n32.5% (P<<0.05) , HAR LJENFEAC 0.03%—
48.8%, ME N 16.5% (P<<0.05) . ¥#E 78
B T NOy-N BB . AR Z WK
N, K AL FE CDN T AT CDN2 7 0—20 Fi1 80—100
cm 12 13 NOy-N SR I g (%15 R T o )
4b¥E TDN1 A1 TDN2; CDN2+BD 5 TDN2+BD 7£ %
60—80 cm AN+ I A R RE W A

KIHE (P<<0.05) o SVAIM T, F/KEEANA 3
T2 NOy-N BB, i B 5% T 2040 cm + )2
K5 (R FFfiE 1, CDN2+BD % TDN2+BD #5 27.1%

(P<0.05) . BT EMESEREY] (K8 , K
FIFEX & T)E NOy-N BEGZI R WKEEE
Wi 0—20. 40—60 A1 60—80 cm + /2 —HAZHAEH]
W 5 2 4 F - 0—20 A1 60—80 cm 12

8 A[EAIELIESHE N0, -N RIENEZEAEDH (ANOVA)

Table § Two-way analysis of variance (ANOVA) of NO;™-N accumulation in the soil profile under different treatments

FBIT Index K& Factor B df EE MS  FRIH Ftest P{H Pvalue
0-20 cm £ Z AR K Trrigation 1 4378.937 31.271 0.000
Nitrat lation in 0-20 =
firate accumuiation S Z P Nitrogen regulation 3 6572.520 46.936 0.000
cm soil layer
K X H E % Irrigation X Nitrogen regulation 3 1348.067 9.627 0.001
20-40 cm T EHAAE R WK Irrigation 1 59.143 0.233 0.636
Nitrate accumulation in —
. A F # Nitrogen regulation 3 10214.254 40.263 0.000
20-40 cm soil layer
WEK X B FEMHE Trrigation X Nitrogen regulation 3 723.765 2.853 0.072
40-60 cm LEEAEFEM #EK Irrigation 1 583.208 5.595 0.032
Nitrate accumulation in JE——
. A Z ¥ Nitrogen regulation 3 6778.893 65.039 0.000
40-60 cm soil layer
WEZK X % Z M5 Irrigation X Nitrogen regulation 3 197.226 1.892 0.174
60-80 cm I ZHAR R WK Irrigation 1 515.565 6.455 0.023
Nitrate accumulation in S
. A Z ¥ Nitrogen regulation 3 3586.607 44,908 0.000
60-80 cm soil layer
HEK X HZE AT Irrigation X Nitrogen regulation 3 326.159 4.084 0.026
80-100 cm 1 JZMHAR R HEK Irrigation 1 163.375 2795 0.115
Nitrate accumulation in o -
. R & % Nitrogen regulation 3 4002.020 68.474 0.000
80-100 cm soil layer
WK X HE % Trrigation X Nitrogen regulation 3 147.159 2.518 0.097

2.3 FEMFESRRK

ANTRI A ST 3 5= 1 5 T s g S n B 4 BT
TNo LEFFEJTI, 2 BEKSMER, MR ACFER
FEEAE 109.9—112.9 thm™ CHILMHE) Al 95.6—
115.9 thm? (E/KHE) , 83 m T AR50
AEEE, fH SR ALIE N ZE AR (P>0.05) o 1
SRS BT T, 99 AR K A F G i A= 490 5k I DCD
R S HR T LS Ve B, A AE T, TDN2
Al TDN2+BD 4L TDN1 AbFEZr 4 i Ve & &
4.7%H1 40.0%, H:h TDN2+BD 4 B4 TR i
FAT, HE TDN2 AbEHEE T 33.8%. 27K
I, CDN2 I CDN2+BD % CDNI1 4} 54 Ve & &
6.5%F1 65.9%, [[AlF: CDN2+BD 4bF ({42 Thik B 2

K, H# CDN2 Ab#E & T 55.8% (P<0.05)

2 PPEEIKRSAR T, DR IR RS A b TEC it A 4 e A
DCD X 7 i H S8 A i | Rg A K, (HAE— e %
o AR T TR AR R [ T B 3 n (P
>0.05) o FHFEZE LT, I RE S 3 K HE
(3% At = = AL e AR 22 AR i (P>0.05) o R
9 J7 AT A AT, R A 0 AR

Ve Fifsthi g & B A BE v, K7
XX SEFRAR IR AN B3 o LA B A TR bRk
&, AR LY RS DCD (A B AE AR F7 7 i i
TN 14 AT AR E 2 O MUS) S 7 | P 7ot =TI
TR AR R, HLh LUK RE A& W
CDN2+BD 4bHE R Hl 5
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Fig. 4 Tomato yield and fruit quality indicators under different treatments

AR 2 F R R RPR WA 5 Pros. 2 FifEK
KR, ARG T AT ARSIy, Ok
ZENR ATRAE Y, SRR L, g T 3 i
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0.05) o Mg W S T it AR SRR (P

ab

CDNO
CDNI1
CDN2
N2+BD

CD

TR HE

Controlled drip irrigation

<0.05) , {HEH % (TDN1. CDN1) #tt, J&E
AbFE (TDN2. CDN2) K FCPC it £F 4 e R AL il 551)
(TDN2+BD. CDN2+BD) HJB#AL T i A =W,
o TDN2 403145 TDN1 W2 KT 20.0%, CDN2 #8
CDN1 S5 23.6% (P<0.05) . 24T, 44
55 T AR A SR it o) P R SR S U R R A e R
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R9 BULEFMFEMRIBENEARATESH

Table 9 Two-way analysis of variance (ANOVA) of tomato yield and fruit quality in different treatments

$84% Index BZ& Factor BEE df PREE MS FRYB Ftest P {H Pvalue
T #E/K TIrrigation 1 27.290 0.896 0.359
Tomato yield . -
% Z % Nitrogen regulation 3 354.798 11.644 0.000
HEK X A F S Trrigation X Nitrogen regulation 3 55.133 1.809 0.189
@R CERE #E/K Irrigation 1 12.627 1.128 0.305
Vi tent TS g .
¢ conten A Z ¥ Nitrogen regulation 3 92.285 8.241 0.001
HEK X J ZE 8 Trrigation X Nitrogen regulation 3 6.027 0.538 0.663
AV PERE S #EJK Trrigation 1 0.127 0.077 0.785
Solubl tent N . .
Oluble sugar content e ipp Nitrogen regulation 3 2.929 1.774 0.187
HEK X & Z % Trrigation X Nitrogen regulation 3 0.065 0.039 0.989
Rl S WK Irrigation 1 28.769 0.016 0.902
Solubl tei tent P, o
OIuDe PrOTell COMTENT o 22442 Nitrogen regulation E 10434.447 5.710 0.005
HEK X H F % Trrigation X Nitrogen regulation 3 350.094 0.192 0.900
AR TEY SR WEK Trigation 1 0.025 0.015 0.905
Soluble solid content S .
oluble SO content o sy Nitrogen regulation 3 2.161 1.278 0.322
HEK X J ZE ¥ Trrigation X Nitrogen regulation 3 0.050 0.030 0.993
T E R #EK TIrrigation 1 1.734 1.306 0.271
Titratabl id tent 3 . .
fratable acte content i s Nitrogen regulation 3 3.149 2.371 0.099
HEK X H Z % Trrigation X Nitrogen regulation 3 0.337 0.254 0.857
250 M Root
. 2% Stem
“z 200 L 71 M Leaf
=
%ﬂ B L5 Fruit
CER
= é 150
=
® g 100 [
=]
g
§D a b ab a ab
Z 50 . b
b a a ¢ a ab a
P S S N S N R b I S N = = =
TDNO TDNI1 TDN2 TDN2+BD CDNO CDNI1 CDN2 CDN2+BD

5 ARELETHEMERZTREMARAR

Fig. 5 Nitrogen accumulation in tomato plant organs under different treatments

HHER, HESAEE (P>0.05) . £ 10 TESE
B, AFEWEDERWFMNMN 2 HARE R R
U (P<0.01 B¢ P<<0.05) , K R %
PRI A HAE A % 25 B A 3R SRR IR i 38 R s 3

BEKT (P>0.05) , FHH B HIE 00 AR
RAEPME ) = TR

HH 11 W40, W R E N, TDNI Ab BRI A
4 228.0 kg-hm™, UM FH %4 23.1%; TDN2
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Ak B WA R AU U R) g il 18201
kg-hm™? H1 18.5%; TDN2+BD 4bFf kW (5l 213.2
kg-hm?, FELEMAH AN 28.3%, % TDN2 %
P& 53.0% (P<0.05) . /K3 #E ~, CDN1. CDN2
A1 CDN2+BD &b H s W 05 7373 4 209.7. 191.6 Al

212.9 kg-hm™, ZUILE MR FH 535005 19.6%+22.2%
1 28.9%, CDN2+BD [HE LM A %% CDN2
AEFR T 30.2% (P>0.05) o FUERZEBOERAEREA
WC it Ak 3 v SR B #A, Horh CDN2+BD Ak
(60.7 kg'kg")

F10 FRLEENEKSHEAZEZEENNERZAEN T (ANOVA)

Table 10 Two-way analysis of variance (ANOVA) of nitrogen accumulation in tomato plant organs under different treatments

$84% Index KZE Factor BEE df fEE MS FRY F test P{E Pvalue
REEZR #E/K Trrigation 1 0.235 0.162 0.693
Root N accumulation -
& & % Nitrogen regulation 3 12.728 8.801 0.001
HEK X HZE AT Irrigation X Nitrogen regulation 3 1.311 0.907 0.461
ZRERM #E/K TIrrigation 1 15.079 0.533 0.477
Stem N accumulation o o s Nitrogen regulation 3 278.588 9.839 0.000
WEK X B FEWMH% Trrigation X Nitrogen regulation 3 3.146 0.111 0.952
A R #E/K TIrrigation 1 0.243 0.010 0.923
Leaf N accumulation o % Nitrogen regulation 3 521.503 20.897 0.000
WEK X H & W= Irrigation X Nitrogen regulation 3 7.411 0.297 0.827
HLEFERM #E/K Trrigation 1 0.086 0.000 0.989
Fruit Nacoumulation " o e Nitrogen regulation 3 2567.785 5.393 0.007
HEK X HE % Irrigation X Nitrogen regulation 3 375.604 0.789 0.519

R FELEEMERSREEE. RRRUFBRMEARKERR

Table 11
under different treatments

Total nitrogen uptake, apparent nitrogen use efficiency, and agronomic efficiency of nitrogen fertilizer in tomato plants

438 Treatment MIBKEE Total N uptake (kg-hm?)

RIERMFIFHZE RE (%)

FER¥HE AE (kg'keg™)

TDNO 127.4+3.9¢ — -
TDNI 228.0+7.0a 23.1+1.6ab 33.5+7.8b
TDN2 182.1+4.4b 18.5+£2.5b 37.0+£8.3ab
TDN2+BD 213.249.5ab 28.3+2.5a 49.7+8.5ab
CDNO 121.1+6.3¢ — —
CDNI1 209.7+5.8ab 19.6+3.3b 36.4+9.7ab
CDN2 191.6+8.1ab 22.2+4.6ab 43.3+7.1ab
CDN2+BD 212.9+10.1ab 28.9+3.7a 60.7+6.1a

3 it

3.1 BEEKSERBIE I NO HEEN NHIE S
B e R
ABFFEL: R, AR DGR, AR

THRE T 2 P ARAE S 148 NLO HETBOEAE, JR40 R =
HETHCRR S [R], AT 52 PR I NLO i 2 (B 1)
5K AL B (TDND AL, F—i AL ¥ (TDN2)
18 N,O BFHEBEFRIK 40.4%, NH; BFE KB R
46.3%, ARFERBURERCD . IRE S KR 4
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# (CDN2) , AR HE— 2035, N,O H1 NH; &
PUR B TDN1 AHLFEAG 26.0% (R 7) o X457
L AERIEHE 1) meta 4307 45 FAH—20 BIAUIE A =15
N,O HES R AR IR EOCR, R — Bl AR
s DRI, PR it A PR RO ok R ORI
B MRS St a7 LA T e PRI B i R 2 B
IR, P K L A 3K o & i, Al T
RAHRE, 1X 5 Kuang 552156 F- 0 WL (X
FEGER B, fEMIERE b, BA i AR S R
fil7 DCD (CDN2+BD) S RE#E— Ui i HE AR «
AR, HRERE T, AERCEA Y K5 DCD
FI4LFE (TDN2+BD) AHE T H— R A4 #E (TDN2)
+ 3 NLO HEHUE &K 14.0%, N,O SAHE %
1k 26.2%; 5 /KiM#EF, CDN2+BD HI# T 8l 40
Ab¥E (CDN2) 3 N,O HFji0E & F1IC 22.4%, N,O
ERHERCE R 36.3% (K 1, £ 7) o X—thH
ROV JE T DCD % 28 S Ak 4 T AR S 2 A A 2,
FELE T NHy [ NOy I E A o 1 A= 47 e i iod H B
NN IR Ve SR W e oy ral 3 0 P i ok
POREER 0 R BT B
W B 5 7 P FIFLH], 3% 5 Deng 2P7F1 Chen
SFUSHE AL A S RE MBS AN & o (ERAHT, 5
5 Bk R I M LR <Ak st %
BN RIFIRE 2B B NLO (1 RBHERE . [, 78
TR HET ST, AR 5K Sy WA AR W] B i)
CHIUE” N, BE SR > 60% WEPS (15 75 I TH]
AN JHOR 25 e i 101,

NH; 4% 5 5% |- 38 pH. 00 A% 28 50K 5 3L A
NI A5 R I, PR+ K E TR R NH, N
P I 4 F AT R 2 047 BT R], 0 35 PRI NH, #8
RUEAE 525 BRIS], CDN2 19 NH; 35 5 1 24
KAEE CDN1 ARHL W5 BRAT 21.2% (& 2) o Ak
fitld b Pt 2B 0 i 5 R A AR ), E A A I 5 e
DRHAL, 4ERF NH, JEE, HEKJGRZIRFZKM T
pH % LT, MIMAEAE NH; 44 & T 5 (38 5 KU
AW, HRHE N, TDN2+BD ALFE () NH; #% %
R TDN2 BEMEIN 12.4%, HAELKHE TR,
CDN2+BD 5 CDN2 AbPR[HZ AR . 3 KA
A R R T AT e M R A o AR — 5 T A
LK be 2R T AR LUBH B8 28 4 5 1k AL W B ] e
NH,"\ 2P Jtii pH, BEAG NH; #2145 — 51

DAl [ B 1 4 S P ) T BB S NH/NHL LG, R
HIRBEAA X187 3T AR, A
K &E FECHEZEY) % A DCD (CDN2+BD) NH; %
RAFEN T AW, SOHAEIE K AT, R
MIARRAE H o 3 AT

3.2 BERRKSERBEMNFIELIE NN EIRS

Kok B BRI RN

PRESE > T NOs™-N A S, &
BRI T BRI S hl . ABFSU, TDN2 (13 1
NO5-N it 2R TDN1 AH KT 13.7%, CDN2
¢ CDNI1 AP K 16.2% (B 3) o X4y
Min 2 IEFT S S — 8, 2 I R /b SO T
R P TTI B R R R R, Zotarelli 7R
A HE R G0 RS, & BRI RE AT A PR AT
SRERMFKREE . AWRS DCD (1)1 B 55w ik —
Al T IR EIE SO . ARSI (B3, 2 R
IKEAET 55 MU L, a5 R HL I it A 4 o
DCD AbHE 2 K T 0—100 cm 351+ NOs-N
MAFE, TDN2+BD 1 CDN2+BD AbH 133 i
NO;-N & ZFER TDNI fl CDNI1 3% 2 N %
27.4%#1 30.0%, £ 80—100 cm 1/ NOy-N [ ZfiE
Bf%. 25841 ~, TDN2+BD 4B [KI3%I1 NOy-N i
RHER TDN2 ABERE— D FRIC (FRMK 15.9%) , ¢
AEAE 20—60 cm T ZHIAR W E K. X IR AT
I H P LR : DCD 8 il AL g B S
P, JZE NH,'-N [ NOy-N (6 AR iy A= 4 i o
HEK 0 LR TR BURIFL IR 25 44, 38658 7 6 %0 38 1 IR
B R B B0 L PR A AR R S T IR b )
BRNE, R I ) 5 T A A ) 7 it e e - A A A
BB RIG 25%—35%.

P KA A E K e A, AR
RRATCAF 28 LIS XU T T A A3 DG P o AT 45 R
7R, CDN2+BD ALHAEAT AN 80—100 ecm )=
NO;-N BRI, i 5242 T 20—40 em HEZ 1)
RERFERE ), B TDN2+BD AP 27.1% (K 3) .
XM AR IEAF 4 Cristobal-Mufioz 2553 Mk 11 % e
KO IER I, LW K 2 P AT DAL R R AR
JA A, BEORIEAEYI TR 7 753K, SRRAGER 2k X
Bro SR, TEARAMGE EHR NG ER R T, K
JZ NOy-N BLR 5wk Rk KR A aEt. Amrstss
R, HRUE R 2 PR A E T BT 20—



16 ] ZEEAEA RGO 2R ) 5 5 R AL A RS Bt - R R R BRI 3635

40 cm 2 NOs™-N W&{i, FFInKHAERZ (=60 cm)
MR, FEETRESRAE T “TERERID” AT v
BN, ERZ RGBT (1 SR A AR ]
BEKZAET, AR ERFILT & L2 5 NOy-N
B, RIS SKER B4 /N TR NOs-N .
ZEATAL U K AR P S AR Ak
PR R R 0] 40 A o PR EA IS KU T T B fe 2
PRI o 3X AT BE S BT AWk (R B AR FH 5 AL 46
P T ZE L% NOy 7+ 3 b (RIS T P>, e LT
ZIF TR RIGEKE, 1 DCD MR ANAT NH,

KIPRE TR, DDA RS k),

A ARSI, =B IR Rl TR FE MR

XHH R K 75 G AR o

3.3 BEIEKSRARAEMEMRRREFA. =2
SEL R

AT, JREC AP % 5 DCD fg i % 4
ZEF %%, Hoh TDN2+BD 1 CDN2+BD #b#
(1) U AR ] e 0 AH g A Ak 3 (TDN2, CDN2)
Oy R 52.9%F1 30.2%. fEFF R I, it
B )G 2 35 22 e, Al R it Ak B A AR i
g, WESGE T R (B 5 o AR
WS 5 R R L S AR AN T . — 7
I, APl GE IR, (RIBERAKE, K
W5 TDN2+BD 1 CDN2+BD Ak 3 2 A &
W B E P . 3T, DCD it 4 22 A & AL,
{F 53 (I N AT A AR 5 KA . X B AR R
T o g S PR K, R E AR AR AR R U
WOV i A A o R 9k 22 R B 4K, SE K NHL 2K
W, AEEYRS AR [P, {f TDN2+BD 4t
B E MR MA T L3 28.3%, W m T TDN2
SE

e S i b, R K BT i A P S T
AAHIFRIRBER o™, HAERSM &AM b
Yo AEARE S [N, 93 20 A L it A e A AL,
ORI P R m A AL Ve &, FReE v
PERE. [R5 TR bR, JUHIE K RE T IR AR
it A ) R FORH AL RS T B B R — R T
65.9%) o X FIAEAR t T3 /K R T AR A R FOAS AL 4
I Ve SRR EER, WidcE 7R E LN AR
B, WA T Ve BRAEETM. mgkar i, & A
4G A 5 AL I 300 T 70 AN 2 BRI

0 ok 25 4 IR e sz il T, S s
WA PRI A BO&E . KE A
{10 it O VA 8 VR AR T o 457K 4 At I it Ak 22
(CDN2+BD) 7t Ve f i A& 25 5 iR br
RIS I T R FRE KO i AL BE( TDN2+BD) .
XA RS R A 3 B K o A S A R 2 3 i B S Rl i
HET BSEARE . Abdelghany 2P RRF 57t £ 1,
TR G YA G5 0 it Y Sk 5 S 5 0 R S
AT TGS TSP UESE T 7K S [RIRE ST T R AR
YEH.

ZE TR, AHIFFU AR R R A A0 R Dl
THEEHERIR . AR R AR TR A
5 EAT EEER, BSRAwERG RAE
A FIEAKARE, AR7E AR ML AP —
SEFESE, XPRES YR B S PE. LI, HE
FAF LKA PR E L PN GG, SR sl it —
AT IX LG IR 35 TR AR

4 g

WK 2 MORESAT T, WA KA
IR RV A A 1) 70) e A 20 AR A1 1Bt 8- m A R R 3%
ik, S AEEA L, R E FICT NLO HES
NH; # & e 13 0—100 cm FIHHSR AR, AAK
AR R 26.0%—45.7%, 7 & B BEAK
13.7%—16.2%, Fhiy=mIRF E . di— P RoiEEY)
IR A AN G RO i, RS R RRAIC
N. O #Fi 26.2%—36.3%, EHWOHERTE, A
RO 485 30.2%—53.0%, HHS2F& A Ve SRR
11 33.8%—55.8%. /KM HEAEARNL T FRE, 73K
WD T RFASIR, T R IR KRS,
I3 2040 cm 2 TR RFFRE T -

B2, SRR R R K (3 375
m’hm™?) £54 “PWA 30% (317 kg'hm™) +4:4%¢ (St
Jiti 15 thm™) +DCD (Zli%iiE 15%) 7 KR IT
FATEARFER A~ R IATHE T, BRFR R FRAR SR
MHES S AR R, JF 8 240 m AR R F R
SRS, AT A G X Tt A R €A P R R AT 4
VNV S
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