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Effects of different planting modes on soil nitrogen transformation and related enzyme activi-
ties. YONG Tai-wen'”, YANG Wen-yu"?, XIANG Da-bing'”*, CHEN Xiao-rong'* (' College of
Agronomy , Sichuan Agricultural University, Wenjiang 611130, Sichuan, China; >Ministry of Agri-
culture Key Laboratory of Crop Physiology, Ecology and Cultivation in Southwest, Wenjiang 611130,
Sichuan, China). -Chin. J. Appl. Ecol. ,2011,22(12) . 3227-3235.

Abstract; A 2-year field experiment was conducted to study the dynamics of soil nitrogen content
and urease, proteinase, and nitrate reductase activities in a wheat/maize/soybean relay strip inter-
cropping system under effects of five planting modes, i. e. , wheat-soybean (A,), wheat-sweet po-
tato (A,), maize (A;), wheat/maize/soybean ( A,), and wheat/maize/sweet potato ( As).

Among the five planting modes, A, increased the soil total nitrogen content and urease and protease
activities at flowering (or spinning) and maturing stages, and the total nitrogen content and urease
and protease activities were relay strip intercropping > single cropping, soybean > sweet potato, and
fringe row > central row. A, decreased the NO, -N and NH,"-N contents of wheat and maize soil,
and the nitrate reductase activity of wheat soil. The nitrate reductase activity of maize soil was high-
er in single cropping than in relay strip intercropping at jointing stage but was in adverse at maize
spinning and maturiting stages, and the nitrate reductase activity of soybean soil was higher than
that of sweet potato soil. At the branching stage of soybean, the soil NO, -N and NH,"-N contents
and nitrate reductase activity were higher in single cropping than in relay strip intercropping; where-
as at flowering and maturing stages, the soil NO, -N and NH,"-N contents and nitrate reductase ac-
tivity were in the sequences of strip intercropping > single cropping, soybean > sweet potato, and

center row > fringe row.

Key words: wheat/maize/soybean relay strip intercropping; soil nitrogen content; soil enzyme ac-
tivity ; nitrogen transformation.
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AL3d F ; Zhou szl Stuelpnagel[m _Searle 2= 15
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RGN HEER RN HIEARIEES AR
Al 7R S SRS VR AT T A OGRS (HAA DG/
A/ EK/ KRG =B RO IE 9 R WA A,
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1 #R5EFEE

1.1 YEY A X )t

/N oK KT H AR AR 18
(P R A2 B ) R 418 (DU b R &
KWFFERT) |\ BTE—5 ([ BT RO B2 B 58 ) Al
JIEE 164 (M)A KAV FLFBEAE BT T ) . 58 T
2006 4F 11 H % 2008 4F 10 H 7E U 4k K2z
RIGHEAT. R E R BHLIX AT, 5% 5 R AR
R ANE-BRERE(A,) K/NE-ZHEZERME
(A) FBERBIEA) ZNNE/BFEKRKEREE
YECA) & /NZ B B/ B HEEE(A) . /DX
lemx7m=42m’ 3 IKEL. A, A AL FR/INX Y
B3I 2 m, Hrp/NE (BORT HE) X
KIFTE 1 m, BEME/NZREFN S 47, IRNATIE 0. 2 m,
JCHE 0.1 m, 7CE 4 BR BRIE EOKRIERN 2 17, I NAT
FE 0.5 m,7CHE 0.22 m, 7 1 KR BEIR K 45 3
7, IEANATIE 0. 33 m, 7T 0.33 m, /B 3tk BHIE
HERAZE, 2295 0.3 m, 28/ 0.5 m, 28 [ AT, X
#H0.19 m, 7 1 bR /NN N 84 kg « hm™ |
P,0, 67.5 kg - hm™ K,0 90 kg + hm™ ; T Kifi IE &
4 N 108 kg + hm™ P,0,105 kg - hm™ K,0 112.5
kg « hm™ s KT (BCH ) iAE & N 36 kg + hm™ |
P,0, 63 kg - hm™ K,0 52.5 kg - hm™ , &AEYI1 P,
K AE5/NER N B 2R RAE — R A, £k K
G(ECH ) N AR 12 FEIRAE, 172 FEIB A (B K
KW S KR SRR ). A, LA, LA SN X
PRI A 00 o 230 T Rt S A ST 301 S5 6 I ) A, LA
AR B /INXARTR] B/ DB T AR P A 2% 2 it
JE AR R]. AT B 12 5 v 45 A 420 1 46 ol et ] i
ARBF RIS, /N2 11 7 4 HEEF 5 A b Ak
e, EHK3 A 20 HIERD 8 A LAk, Ka H# S
H 22 HEEFD (i) (10 A FAME, KRG H#
T/ANEWR G #EAEEM T E K17, 2007—2008
AR EER R AE , BN P e IR R AE 1 | &
KPR S (B H ) 70 b
1.2 LIRS PR

TN PAT I TEAC IR SR, TR T I
I 22 SRS KR A A | T AR R R i
R AL Ge 472 it vk R R 119 £ 3984 i . 2006—2007 41
B W T RIEEARIR /N2 ST W R 5 FORIEAE Rt
TZIHH AT HUORE s B SRR I 5 KRG AR, NEE
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VEALFR 3300 2 A7 AN 3 4743 S BURE | oAb B
347 REEVEA R M0 2 A5 R0 eh 1 4740 B HURE | 2
YEAL PRI 2 17 BURRR /N2 IR R AE/IN X P 45 B
DX B AL $5— S50 B B, R B LI 2 9%
Tk HEEE S BRI AR, BN X BEATLIR
RS — R B B, BEBCHCAFR 2 AT RO HELE 2 1.
MAZ A+ 77 (40 em ) TEWE SR AMELE G191
AR A RRIN A K P AR BE R - RETR 213 4 43 7R HL
FE L3 0. 45 mm BT BR 22249, HU 10 ¢ 1 ARFETE 4
CUKAEN, T 13 NH,*-N NO, -N & Ay il &
PR HRE AR, T A R RN - SR
PRI E .
1.3 FEST

MR A R LR AT . FREL
5.0 g BE B FIRGMA, 01 mol - L' KCL ¥
50 mL,:J:‘rE/Elffh/ﬁ*ﬁ%%if 120 r - min'#ET% 60 min
J&i , BT IR, ARAFAE SRR T BT 4 CUKARRE,
1 AN INTEGRAL Futura 7% 253 3173 H74% ( ALLI-
ANCE A #], ¥ H) % £ 4% NH,"-N fl NO,"-N &
. SRS R % 58 AR) U Ayl
FE i, % Folin-Ciocalteu Fb 8220 52 + 3825 (1 il
TP, R - R BN EL (R A - SR T 1,
TR L (T I R A A R A S
1.4 Hdsiba

K Microsoft Excel 2003 #x{4-uE47 55045 %% A1
YERL. SR SPSS 16. 0 B4 X £ 4f 4847 75 22 43 Bt
(LSD %) , ;b EEAK R E R a=0.05.

2 HRE5HM

2.1 AR[FEFRA R A S B A

2. L1 /NEHBRAS R NELEAA S R
B IR R RS AR R . 5
FORSAEFT BT W A S T, IV E R TR
ORI S A s T A, G H 2 2007—2008
AEFERAE R G, X R AR LR L M A B (R 1).
2007—2008 4F-FE , £ R £ OKAT, /N LR R A
FEAAESEAE KRG RE O < H S 2E O, HE N AT g2
ZI R R E b S S A R g K B
CIPERE AR/ NZZ AT+ R A A A i, P i T A AR
- R AR, i R R e PR R A K R
WS AR X AR 5 B G /N A2 5 BRI BRI N
b e M T oK 1 A R, /N 1 e
R BE 02, H - B R S RIT IR R B4R
>R > T RSO > H B O sl A,

x1 ARMEHEINNETEERSENZN
Table 1 Effects of different cropping patterns on soil total
nitrogen content of wheat (g - kg™')

b 2006—2007 2007—2008
Trea-ERM RSN REM O JREM s
ment Flowering Maturity Jointing Flowering Maturity
stage stage stage stage stage
A 2. 15a 1. 66b 2.86a 2.52a 2.34ab
A, 2. 10a 1. 60b 2.90a 2.45a 2.27b
Ayp - - 2.74a 2.6la 2.45a
Agc 2.02a 1.90a 2.7la 2.57a 2.42a
Asp - - 2.87a 2.52a 2.39ab
Asc 2.01a 1. 96a 2.49b 2.49a 2.29b

F.ihf7 Fringe rows; C: H147 Central rows. [A]F] R [EF TR ZEH
.35 (P<0.05) Different letters in the same column meant significant
difference at 0.05 level. 2006—2007 4F Ji 25 1 &b 3145 gk o A7 LR
Wheat soils were sampled only from central rows in 2006-2007. N [A] The

same below.

ACFRAIAT I A, A, FIL A AL BG4 R AT 43
B4 7% 7.9% 2.5% F17.0%.

2.1.2 EREEWEASGE ST EAKEHEAE(
1),2006—2007 4FFE, 5 R & el H & EILA T
WA, EE S AR A EIRE R A S R E R AR B
HHRGEHEWEEIA: EEAHMN F R E
LM A R B H 2 4 v 0 R, o 22 0 A
B RS A /NI T i B Ak EE U 4
SERFAIR. 2007—2008 472, T & 1E E KM E K
O HEED L, 2 ENN LA SR ANE
VESHAE KRG A > H B 15 U, A A0 3R +
BEA SRS A A AL B 24.7% A
10. 0% .

2.1.3 kG HELHOASE mE2 /4, KE
TR A W T A B AR F R
HEE R R NI R AT RN R, EE A
PR 3R & T AT B, A b
TR AT A A LB 501 3. 1% 1 12. 9% . X T H
= O ERA AR N EES R, (AR T R
EE W AR, K TS H X R E B 2006—
2007 4FREESY BN R B A B A A AT H AN, K
b4 A B34 LK 5 HE A A S R 2007 —
2008 4FFE LA, A AL AT Y A RV B o
o A, F A LD FRES 36. 1% 1 27. 4%

2.2 AR - R A A A S A S AR
221 /NETEMERMAEAST R mE3 A
AR R AR N E 4 NO,T-N SRR
SEH I PR AR B G 0TI B H5 . AN [l R A5
AL Ry B <BAAE R G HE O < H B
F 04T < AT, BEBH SR /N D3I NO,~-N
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Fig.1 Effects of different cropping patterns on soil total nitrogen, NO, -N and NH, *-N contents of maize.
JO . 45717 Jointing stage; SP::223l] Spinning stage; MA : WY Maturity stage. T [F] The same below.
F2 AEMEEANAZ HELEIERRIENTN
Table 2 Effects of different cropping patterns on soil total nitrogen content of soybean and sweet potato (g - kg™ )
Qb 2006—2007 2007—2008
Treat- I3 TFIEH G I3 B THAEH A
ment Branching stage Flowering stage Maturity stage Branching stage Flowering stage Maturity stage
A, 1.73b 2. 14be 2.19ab 2.54b 2.59ab 2. 64ab
A, 2. 17ab 2.06¢ 1. 99ab 2.31c 2.29b 2.19b
Ayp - 2.68ab 2.77a 2.98a
Ayc 1. 96ab 2.32a 2.51a 2. 66ab 2.71a 2.89%a
As 2.28a 2. 14be 2.08ab 2.69a 2.43ab 2.34b
*3 AEMEHEA/NELTE NO,”-N #1 NH,"-N S EHFM
Table 3 Effects of different cropping patterns on soil NO,”-N and NH,*-N contents of wheat (mg - kg™ )
ik B 2006—2007 2007—2008
Treat- TFIEH A T FHAEW EAIH
ment Flowering stage Maturity stage Jointing stage Flowering stage Maturity stage
NO,”-N  NH,*-N NO,"-N  NH,*-N NO,”-N  NH,*-N NO,”-N  NH,*-N NO,"-N  NH,*-N
A, 41.6l1a 27.34a 22.89%a 18.58a 21.00ab 27.35abe 24.30c¢ 75.25b¢ 14. 50b 13. 04ab
A, 44.08a 26.41a 24.75a 19. 10a 23.25a 30. 50a 32.70a 95. 80a 18.94a 14. 34a
Ay - - - - 15.95d 25. 15¢ 18.95d 61.15¢ 9. 80e 11. 46b
Asc 37.32b 20. 28b 12.48b 16. 10a 17.15¢d  25.95bc 20.70d  72.15bc 11.18de  12.10b
Asp - - - - 19. 85be 27.70abc 24.50¢ 80. 40ab 12.06cd  11.99b
As ¢ 37.20b 19. 04b 9.76¢ 16. 16a 20. 60ab 29. 15ab 27.30b 92.35a 14.01be  12.90ab
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AR, /N oK/ K EEBAEA T H X Tl
R, BEAR T 37 NO, N B & AL BE R & T
RO R R, g T4 B TS Y.+ b
NH,*-N%& & 5 NO, -N & &t i) A8 fb A — 2, (1
NH, *-N & e &4 F BRI A — 30, AR &
W R TR AE I i i v, HL2E S eI, oAt E B i) 22
SN (3R 3) X AT e 5 IR A T 5 A
BRI ST D WIS Vst VNI (¥ N
PR TN B A S LT 5 NO, N,
NH, “-NAFTCHUA & it R Ak e m T H3h A
AR , T 1T/ INZZ AR ) R
2.2.2 FARTEMEAMARAT®E SEFHE
KAHER NO, -N NH, *-N &AL B e — 3,
B ElE R T BAE, RO O B E KT H B2
H(E1).

223 K0 HEHHEMEAMALSASE BT
R, KR 5 NO,~-N b 5/ A2 K
KA (F4), 75K E BT AHXT LTS 1
SRR AR R E R T AR, R BEIRTH
2 ,2006—2007 4FERE A b A, b PEAK 42.7% , A, L
AMEPRAG 35. 2% , X A BE 5% B K B X NO, ™-N
IS RE 7 3 T H 25, 0 T 3 NO,-N 1 R

FUA O Bl B JE R A 4 E | K 00 e 1
TP HEVAN L E AN LS R R,
TR S i 8 NO, N S R8N . KRE>H
B EBVESHAE hir>HAT,2007—2008 4 D)
ASCBEAATE NO, -N St A, A, FI A AL 45 5]
F10.1% 31.7% F1 7. 7% . T K509 & &2 AE
F AT NH, N SRR G > H 2 (Hf
ESEAEZ AR E A — 20, H 28 e > B4R,
MK BRTE 2007—2008 41 1 43 A hy A >4
Gb HABEHA S Ve > BAE AT > AT

2.3 [l P AR 2 A M R A

2.3.1 /NE MR EE e s Rl N, Ao AR X
X /INAE MR TE VAT B R, RBUN B B
o TR, HLREA: 75 R A4t | RIS T e T e
REATE , LAJFAE 0 B iy, X — R 5 e VR i AR
PR — 35 (HA [R] A 3 Ak 3L R] 04 28 A AR AS —
0, JLHIE 2007—2008 4 37 74 R0 1 5 T, 4%
AT A T R] A4 22 SR AR T A B B A A
HREE<NE RGO <HEIE D, hiT< P17,
XA ES I R A T - AT R A
TRERRAT - HE AR M, PR K A R, SR
A B IRBEE PR ARG OC ; Bl A A B AR A

F4 AEMERANKAE HELEENO, -N M NH,"-N EEH ¥

Table 4 Effects of different cropping patterns on soil NO, -N and NH,*-N contents of soybean and sweet potato (mg - kg™ )

AbEg 2006—2007 2007—2008

Treat- I3 B THAE A SIRY iRz A

ment Branching stage Flowering stage Maturity stage Branching stage Flowering stage Maturity stage
NO,"-N NH,*-N  NO;"-N NH,*-N  NO,"-N NH,*-N  NO;"-N NH,*-N  NO;"-N NH,*-N  NO;"-N NH,*-N

A, 40.15¢ 28.26ab  26.31ab 44.04ab 22.08a 34.35a 29.33¢  54.98a 51.02a 88.64ab 39.09ab  68.56a

A, 70.03a 26.66b 25.62ab 42.71b 20.03b 30. 65ab 42.96a  50.39ab 35.26b  83.74b 32.68bc  64.22ab

Ay - - - - - - 36.22abe  50. 98ab 53.66a 94.55a 43.04a 69. 08a

Ayc 44.14b 30.67a 27.50a 45.36a 23.24a 34.18a 33.025bc 52.04ab 51.84a  92.09a 39.96a 64.27ab

As 68. 16a 25.86b 21.44b 35.21c¢ 18.18¢  26.42b 39. 14ab  47.88b 33.74b  82.55b 30. 80c¢ 59. 84b

®5 AEMERKI/NETFERE (mg NH,"-N - g - d7') MAHEIZE/REE (mg NO, -N - g™ - d) FEH M

Table 5 Effects of different cropping patterns on soil urease (mg NH,*-N - g™ - d”') and nitrate reductase (mg NO, -N -

g - d™") activities of wheat

ib B 2006—2007 2007—2008

Treat- Piwiai] A AT JFAE AU

ment Flowering stage Maturity stage Jointing stage Flowering stage Maturity stage
JUREG  fERRIL B DREG  AERR L S JIREE AR L kA AL JIREE  fERIE R
Urease Nitrate Urease Nitrate Urease Nitrate Urease Nitrate Urease Nitrate

reductase reductase reductase reductase reductase

A, 1.25b 131. 5a 1. 06b 113. 3a 1.48b 64. 5b 1.38b 86.2b 1.36b 66.7h

A, 1.23b 130. 6a 1. 10b 114. 3a 1.63a 82.0a 1.35b 93.2a 1. 19¢ 71.8a

Agp - - - - 1.39b 42.0d 1. 49ab 64. 0e 1.52a 37.4e

Ay 1. 56a 105. 0b 1.25a 71.8b 1. 46b 58. 8bc 1.61la 68. Se 1.48a 46. 3d

Asp - - - - 1. 52ab 52.7¢ 1.43ab 71.4d 1.09¢ 47.5d

As ¢ 1.45a 109. 9b 1.27a 75.0b 1.57a 61.2bc 1. 56a 79.7¢ 1.36b 57.9¢
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Ao mBmmnBRII R s 8RO #H
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2.3.2 FoR T EEIREGEME SAEFERBIT, £K 1
e IR TS R R B ES B R > TR
DA N B 2 1y 22 S R eI M e v TR A LB A
FA A PRPAR B 1185 7. 2% F1 16. 5% (1 2).
2.3.3 Ko HEHHENREREE  h 6 nlH, K
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FIREAAE DA 22 S e W B, A, A BB 34T L
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T AHR R AR 2] 7E AR 5 0 H B 2, 2007 —
2008 4B AU A, L A ABBRAIC 31. 4% A LE AL 4E
PR AT AT 304K 30. 1% F119. 2% .

2.4 OR[RIFPAAR X A 98 A R A0 i TG

2.4.1 /N HIRAEIR A R G M AR AR B
i) T /INAZ - 3B R 0 T I P (3 5 ), AR BE I 00
Pk A B 2 i T AR, B AR B E R R e R
TR A AR a3 LAFR 53 MR AL i D ) A6 0 o 1
HE— 25 3 BT 2E 1D 8500 RN AT RN T AT, 45 B R
GO <HERED AT <H17, URBI A, LB
TT R RIE SRS PR AIC, EE AL LA, T A AR BR Y
43 9K 25.7% 31. 4% F119.8% . VB /NF/E
K/ R TN A AL - A T A D il 356 2, A
il T /N g /R A A R DR 2
NO, ™ -N /N2 WS, DT 4 7= i

2.4.2 FORBHERRR A GG E AR AR O ok
- HERE R SRR A B, B A SRR
SEHE N5 FEAR A R, DAk 22 300 f . 45 A B s 1A
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B2 AR O T oK - SR | A i D i M 2 A PR A A S )

Fig.2 Effects of different cropping patterns on soil urease, nitrate reductase and protease activities of maize.
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F6 ARAMEENIN KT HETIERE(mg NH,*-N - g™ - d”') MEERITEEEEENIE
Table 6 Effects of different cropping patterns on soil urease (mg NH,*-N - g™ - d™') and nitrate reductase ( mg NO, -N -

g™ - d™) activities of soybean and sweet potato

Qb P 2006—2007 2007—2008
Treat- vl FrAEI AU RO iRz ] B
ment Branching stage Flowering stage Maturity stage Branching stage Flowering stage Maturity stage
W mm W W W W WA m B mm KW
Urease b5 Urease il J5fiff Urease b5 fifE Urease il fiff Urease b5 fifE Urease A5 fifF
Nitrate Nitrate Nitrate Nitrate Nitrate Nitrate
reductase reductase reductase reductase reductase reductase
Ay 1.11b  65.7¢c 1.17a 102.9b 1.25ab  125.9b 1.10b  30.1b 1.19bc  46.0a 1.23bc  46.5b
A, 1.07b  85.5a 0.99b 96.2¢ 0. 86¢ 66.5¢ 1.18ab 33.7a 1.07¢ 44.9a 0.85d 29.4d
Ayp - - - - - - 1.35a  25.6¢ 1.42a 39.9b 1.53a 44. 0c
Ay 1.23a  61.4d 1.26a 130. 6a 1.35a 143.1a 1.26ab 26.0c 1.27b 46.2a 1.32b 54.0a
As 1.24a  70.3b 1.23a 81. 8d 0.95bc  54.5d 1.21ab 32.2ab 1.18bec  35.2c¢ 1.07c 27.9d

BRIE] 25 53, 5K G s H AR F R
HAESEE, RGBS EEEIE R MiE AR
[P RURE 7 R385, A, Ak B4 i TR A A G P T 3
T, & T AL FI AL AE 2007—2008 4F J Yt 22 1
FURCAA A, b A ARBR 335 49. 1% F158. 7% LA, L
AR 69. 5% F1119. 1% ([ 2).

2.4.3 Ko HE H MR TG s
R T KGR H 2 A Tl R A I R 1 (R
6) . 73 1A 1 0 R 30 S P Ol B >
VE; 2 )5, Wi K 5 [ A AR i as, H 3 2R
NO,™-N 2% | LI fLAE I3, A R A, AL 3R )
TSR A I il 1% 1 2 20 T, HEAE S 54, AT >0
17, TFAEIA ARG I LA A, A0 B () rh 47 Bl IR 38 5 it
PR . H A A ) T A R A R S YA
FAESENE, AR E R E 2 ST R A
B LA IR A J T 0% M AE T AE W AR B % NO,™-N &
A B E  H BE(E. K G S H T R R fERE
[# 20 A6 1855 10 40 B, = MR TR 30 D i K
O<HE; 25, B KT E A G R, R
P 30 I il T R K > H

2.5 N[E R AR A e

2.5. 1 /N TR RS E FPREAT 0N 1 0
HEABHE TR L S IREG— 3R 7) , &54EF
S A A IR RS S 190 1 T 394 o, 5 A6 00 2 1 il O

x8 ARMERAMAE HELEEAHEENME

IR 155 2007—2008 4T B i #8010 19 4 1 3500 5
BRI , F TR G [ R AOAE T, KA O 14
A PRGN, R RS TR A N R, A Y
HRGAE S HER D AT >H A7 T, A, Zb 38
(AT ELH AT AN A AEEE 5353015 3. 2% F13. 2% .
2.5.2 FARTEEAMEY SAEFHERLEE
RSB B RS e RGO >HEH D, H
Bt A= 7 A A A A AR R AL A 8, B T
W, k22 IR B e (R 2).

2.5.3 Ko HEHHEARMEE HhE8 I, K
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Table 7 Effects of different cropping patterns on soil pro-
tease activities of wheat( mg Tyrosine - g - d™")

JbF 2006—2007 2007—2008
Treat- JFHAES] IR P IFAEY] A
ment Flowering Maturity Jointing Flowering Maturity
stage stage stage stage stage
A 17.7ab 16. 7ab 15.1a 15. 9ab 14.7a
A, 17.5b 16. 4b 14. 5a 15. 6ab 14.7a
Ay - - 15.4a 16. 4a 15. 1a
Ayc 18. 6ab 17. 1ab 15. 0a 15.9ab 14. 8a
Asp - - 15.0a 15. 8ab 14. 6a
Asec 19. 0a 17.4a 14.7a 15.4b 14.2a

Table 8 Effects of different cropping patterns on soil protease activity of soybean and sweet potato( mg Tyrosine - g™ - d™")

Ik ¥ 2006—2007 2007—2008

Treat- e TFAEM] A el T A
ment Branching stage Flowering stage Maturity stage Branching stage Flowering stage Maturity stage
A, 16.41b 16.92b 16. 39ab 14. 67ab 15.69b 15.07ab
A, 15.79¢ 16.32¢ 15.73¢ 14. 54b 15. 06¢ 14. 66b
Ay - - - 14. 74ab 16.07a 15.32a
Ay 16. 87a 17. 54a 16. 69a 14.95a 15.75b 15.0lab
Ay 16. 38b 16. 77b 16. 04bc 14. 49b 15. 06¢ 14. 96ab
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