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N Tracer Analysis of Nitrogen Uptake and Utilization by
Rice Roots under Water and Biochar Management
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Abstract; In order to reveal the nitrogen uptake and utilization of rice roots under water and biochar
management, field plot experiment and "N tracer micro plot were used. Two irrigation modes ( dry-
shallow-wet irrigation and conventional flooding irrigation) and four straw biochar application levels
(0t/hm*, 2.5 t/hm’*, 12.5 t/hm’ and 25 t/hm’) were set up. The effects of straw biochar on the
morphological and physiological characteristics of rice roots, and the absorption and utilization of fertilizer
and soil nitrogen by roots under dry-shallow-wet irrigation were studied. The results showed that the
application of straw biochar changed the morphological and physiological characteristics of rice roots, and
the appropriate amount of straw biochar increased the main root length, root volume, root fresh weight,
root active absorption area, root bleeding velocity and root activity, optimized the root-shoot ratio, which
was conducive to nitrogen absorption; the uptake of fertilizer-" N and soil nitrogen by rice roots under dry-
shallow-wet irrigation mode was also improved. There was a significant positive correlation with root
bleeding and root activity (P < 0.01), a significant positive correlation with active absorption area
(P < 0.05), and a significant negative correlation with root-shoot ratio (P <0.05). The changes of
root morphological and physiological characteristics in dry-shallow-wet irrigation mode promoted the
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uptake of fertilizer-" N and soil nitrogen by rice roots, and improved rice yield and nitrogen use

efficiency. Compared with the treatment without straw biochar, the economic yield, nitrogen absorption

and utilization efficiency, agronomic utilization efficiency and partial productivity of nitrogen fertilizer in

the treatment of dry-shallow-wet irrigation with 12.5 t/hm’ straw biochar were increased by 13.05% ,

30.54% ,

11.67% and 13.05% , respectively. The results can provide theoretical basis and technical

support for the application of straw biochar in paddy field in cold and black soil region.

Key words: paddy field; water and biochar management; root injury; root-shoot ratio; isotope trace

technology
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Tab.1 Water management during each growth period of rice field
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Fig.1 Changes of main root length, root volume and root fresh weight at different growth stages under different treatments
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Fig.2 Changes of root-shoot ratio in rice at different growth stages under different treatments
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Tab.2 Active absorption area and percentage in total absorption area of rice roots in different growth

stages under different treatments
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Fig.3 Changes of root injury and flow in rice at different growth stages under different treatments
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Fig.4 Changes of root activity of rice at different growth stages under different treatments

2.3 KRIEE TOKFER ZXTAERIFN TR Z AR

M3 3 1l 0, R A AR W sk i 0 ~
12. 5 vhm® B}, FHIRIRS FF A2 9 i FH K 7 R %8 T
THEIEASE 27K R A T 30 R el 0 AR R R i i A
BE-UN S TR AR (P <0.05) , %4 F Wi
TINRE FF A5 0 Ak B ) 7K R AR 28 WU 9 BERE-P N B
F i TAMINFEFAE Y R A (P <0. 05) 5 A [A)F
FF A 9 0 il FH 7K ST 74 088 0 R =K A e 40T
TR REUIAR R W R R B TR
HE(P<0.05) , 445 W1t i A 2 9 e Ak 35 1y 7K
FEMR R WM ) - 8 R 35 0 T ANt A A1 4= 4
AL (P <0.05), v T 9 BB o 0l A

34.53% ~37.58% #129.61% ~30.88% ALKI-"N
PR 3 0 e 0 K R AR 2R A [] ER K R AR
FRAE IR TR il BT A3 0 R U T 32.85% ~
33.60% F126.61% ~28. 78% (1 T IEE Z ;  H
HERE > A 33.43% ~ 34.88% il 28.65% ~
30. 00% FIAERE-" N ZE48 15 B3 A R 1A Bl /K R AR R
WA, [F] B 7K AR AR 2R 8 1 00 R e A A8 43 i) Wi i
T 29.08% ~31.33% Fl 24.20% ~27.93% i)+
HERFE, MUl 0L, KR Y 4 BE RT3 30 O A
B AURRT R PRI X A B A R R X

Xf SR R AU S R AR R e B Y
B
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Tab.3 Amount of fertilizer-*N and soil nitrogen absorbed by rice roots at different growth stages under
different treatments kg/hm’
e 43 BE] P il HESK ] T
JERL-SN RHEAE IER-PN BEAR ERSN BEAR O ER-SN BHEAR S ER-SN HEEAR
DBO 5.68¢ 28.07¢ 12.28¢ 51.30° 10. 16° 41.51¢ 4.24° 23.97¢ 1.82% 11. 14¢
DBI 5.92f 28. 241 13. 08¢ 53. 06" 10. 73¢ 42.79¢ 4. 821 25. 52¢ 1.69¢ 8.33¢
DB2 6.87° 31.97° 16. 77° 56. 49° 13.78¢ 47.70° 5.76" 28. 46" 1. 44° 7.32!
DB3 6.76¢ 25.17° 14. 44" 55. 32¢ 12. 48" 48.04° 6. 42° 30. 33¢ 1.72¢ 8. 04°
FBO 6. 42° 32.56° 10. 86° 44,317 9.39f 36. 28" 3.78f 21. 88f 2.04* 14. 90*
FBI 6.67¢ 34.07" 11.12° 46.50° 9.45' 38.02° 3.92¢ 22.33" 1.82" 9. 521
FB2 7.52" 36. 10° 13.78¢ 49. 591 11.96° 40. 58% 5.04° 26. 14 1.57¢ 5.85¢
FB3 7.24% 29.07¢ 14. 88" 48. 044 12.75" 46. 14" 5.820 29.95* 1.97¢ 12. 00"

ST AT R R (£ 4) 3B T BEIK
FERR 22 X5 HEDARE-1 N 114 A LA 5 A1 28 403 07 54 AR 2R
IR B E EAHE (P <0.01), 5 FH KGR
WA B 2 E A G (P <0.05) , SHE L& B
FHAHI(P <0.05) ; KA F %+ 398 R R 19l
SRR G5 AR R G ) AR E A OE (P <
0.01) , 575 BRM i i AR 5 4 35 IE A5G (P < 0.05)

=4

SRR R B E AR (P <0.05) . ALV ER =X
TRAEARZ X AR N R LA o5 KR 2R A0 U 5o B AR
RIENEWBZFIEME (P <0.01) , 5 1% BRI
FREREIEF L (P <0.05) , 5% b 52 8 3 7l
K(P<0.05) ; K FEAR 2 XF 4 38 R W 5 4R
F0 U o B FAR R E ) B E MO (P <
0.01) , 5% BRI T AL 28 IE A E (P <0.05)

KERAESRALSIFEMEEBFENEXREY

Tab.4 Correlation coefficient between nitrogen uptake and morphological and physiological characteristics of rice roots

A /&8 FHRE FRARFR HRAE B M L WAGTIRLE R RRWES
o fERE-PN 0.467* 0.330 0.326 -0.516" 0. 880 ** 0.556 " 0.890 **
R L

+HEE 0. 435 0.277 0.277 -0.556* 0.919 * 0.484* 0. 878 **

, . MERE-5N 0.312 0.304 0.336 -0.520* 0. 896 ** 0.514* 0.914**
W R o ,

TR E 0.277 0. 340 0. 402 -0.399 0.933* 0.629* 0. 879 **
W FTRBE(P<0.05), == Fml B (P<0.01),
2.4 KREBEETKEREFBAZR ®5 TEL/EMFEREENAEEX

H 5 AT, 7K ok iz 5 T e o AR = i Jn A=
Yim¥g i 1 KA 255 7 5  \NUE | NAE F1 NPFP,
TRIE T A R RS FFAE P et 12,5 .25 v/hm?
BN AE ) K RS 255 7 43 3 N T 13.05%
3.32% , FEAH [FIAS FFAE 4 it /K- (R 25 ¢/hm®)
TR T AR KRS 2 B 7 R R VA
N 1.36% ~6.13% , SHEPIRIINEN 0 ~12.5 t/hm’
A, R ) A A= 0 it FH /K 38388 A 5K
T NUE B8 FLFEHE 42 & T 5.20% 9. 88% |
11. 91% ; ¥ HE WRAS e AR FF A 90 e 45 Ach B 1)
NUE A it I A% #F A 9 o ik B 43 551 328 =5 6. 03%
30.54% . 22.35% ., G AW ok = 0 ~
12. 5 v/hm® B}, AR A FF A= 49 e FH K7 7 3308 T
VO A UK R B NAE 8% MM o e T
1.22% 2. 21% .6. 71% ; 1% 1%V W A% =Xt Jin 5 A
IR AAE IR ) NAE 5Nt fin 75 A1 A= 4 ok A B 43
SRR 1.45% 11.67% .6.92% . 424 W) 7% Jiti fin
S} 0 ~12.5 vhm® B}, A0 RS FF A= P it FH KF T v

Tab.5 Yield and nitrogen use efficiency of

different treatments

ES o v NUE/ NAE/ NPFP/
3L

(kg-hm~?) % (kg-kg™')  (kgkg™')
DBO  8196.30¢ 31.07¢ 25.34¢ 74.51"
DB1 8277. 644 32.954 25.714 75.25°¢
DB2  9265.87° 40. 56° 28.30° 84.24*
DB3 8 468. 38° 38.02" 27. 10" 76. 991
FBO 8 086.22° 29. 54¢ 25.04f 73.51"
FB1 8 134. 80° 29. 98¢ 25. 16 73.95¢
FB2 8730. 77" 36.25°¢ 26.52°¢ 79.37°¢
FB3 8811.43" 38.78% 27.03" 80. 10"

T HE S K RS AU NPFP 553 B 4 e s T
1.36% 1. 76% 6. 13% ; 1% 10 1 E A =X it n 7% 1
HE W) A AL PR NPFP A AN i IS 71 A 49 o Ak PR 43
MFEE0.99% 13.05% 3.32% .
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b AT &k R A ISR X, R it A 135 Be
ok 2R ARCE R ) I Y =X (8 7/ s
TP e i BN AE B4 Bk i £ i B
gy 2 B RRIGAE  IF HAFE 4 Rt EA—5, Hih
TLEY 0 AR it H | eSS 2% S [t
FEER AR —E MR, R FRZK I
BT, B S HVE B S5 A KR E .
REF AR BB EEY 27 HE H T
Ak, S TAE A e RHAE RS 2R 5 e BIL ) %) A
KGR FD | T HE S KA 2R, K AR 1)
AR fifi o HH AR 2SR & A AR AL, 50 WU BE AT AR
KEESE W ) A B 2 558 0 3 A g 0 — 45 BRI
AT 5T K B, RS AT AR R s T R H0K R
TN T AR T KRR R AR a8 A, e it
TR RA KBS IR R, A TR AR
K FE T T2 5 A, PR AR R AL
LN R o TN A 1 ok R A5 14 AR AR FEURT I
W AR AR B R TR R AR BTSSR HEAR R XK RN
WG R AR SOR] ) B R T KR A &
FHI R A=

He Wy 5% [ AT B 5 AR R AE 5 BEAR BRI A HLE A
T3S X Y A A a0 - A LB pH A
BHES FAc 4 i R R 40 2 11 AR P A AR
AW BCE S NP K SEF LR AMEITR™ | ik
g4 ISR L 25 KT T AR R LU E
oS AR LT B R LA, SRR FE A % B
A M it S R LR R R DY R AR
Jeb X BB E, MR R A KA H OIS A R &
., %4, OGUNTUNDE 45" BiF 5% J B0 A= 1) 4 BE %
A8 VK - 1 25 TR o - 498 A AL R, DTG 41 5 - 4
AR S RE KM, AR R A S5 OB B & B et
R A AR 8 A R AR R LA R )
FisF A 2 i At 6 A = ST AR G T )
TEVE S5, A 1365 201 1 1 58 8 08 A58 AR B 2B 1 A
B AR TFEAR R AR K, 5 pH (R A X}
KRR R AERKA HHEm KBRS BRI E
B R RER T , B 5 B TR X 43 pH (A A9 AE
P4, 25 4 pH L, % AR AR
WOKAR AT, it FF 5 A0 A 9 e R AR &R
K AR R BA 5 W E e B B KR R i
FUMEA TSRS T CECP Wb TS A A ik
W PR T AR AR R T s PR
BH R FREAR T R A FE M & b T 3R 45y
T W AN AR A BN,

2+ Ko e AR AR VEYIAR FR B ek, O
T JE R H B R A A BEAE AL R IE SR 3 I K 4 AR

AR AR R IEAS FRAE 1 28 Ak 23 52 W 7 4 X 4L
FRWASORAR T AT 500 25 4 b 3 A A
o NI R AR T e 4 pH R AR TR A
ARAL IS5 AR 2R 35 3 B A AR 2R 2R
RN IR BRI, 496 pH {E R 260 L 1 et 12 4
1o, A RSN LM B B W A R A5 A A D) BE 7 AR B
ROV, TR AR 2R AR B e . LAk it fnad &2 2R )
B ] RE 2 AR T - S AL Bt B8 i iy, s /K 3 R 3R 23
TR, SEUR R WMo A, TR MR KRS A K
PR, AT A 0 it P i o7 A2 ) A — R Y R P, LA
THREARMARL 5,

L LR 1OKHEBERE ST e AR LT R X
R FH ARt T 2 2 W e, AR IR DA K
AE AR ARSI T O IR R B R A R ERE
AR RIS FFALOLAL | 2R BRI RERT 3 | (2 HEAR
A PRI L3RS SR RN B AL SRR (e fil
RE R, Hil TGS S RGN R
SN RS AR IR K AR 2R 5 7 1 i RPN, i
AR — B IUE, I X T L AR R SR T B
il AR PP SR I R ST FIIR AR

4 g

(1) VI AR Xt o 5 FF A 40 e 45 A B
IR MR SR MRS MR AR REURIAR ff 57 i i 3 o TN
TNFEFT AR AL B (P < 0. 05) , A [ F FT A5 ) 7% it
FHAE 08 T HE A% =X %) /KRG Bk EAR A AR AA
FRURIAR i Jo bt 25 55 T UM VE (P < 0. 05) s 7E 47
BEH BB AT AR D AR T AR R AR KRR
FE A3 N, 42 o T AR R MUK 4> FFR AT SR 7R
M 3 A R AE W R AR LR T KRR A AR AR 2R 11
T, B/NARENR A TR R AR TUAY, B T kR
TR,

(2) 7647 BE ] 2= S B 300, AR [0 4% 1 A6 9 ¢ it FH
IR W T HE AR /K AR 2R 0 R i i L
i TR HE (P <0.05) , VI 1+ P A Ui T
A W e 45 Ab FHRL ) AR 2R T SR A A s R ASE AN e G 7
AW AL TR AN (P < 0.05) 5 A HE A 28 4%
Ab B 7K FE AR 22 405 U 58 B A8 Ak 3 Sy S G s s b
fR a3 A 43 B B A A (RIS A= W it FH 7K
SR R T AR S G K AR AR A R R e T
HHLAERE (P <0.05) , V1% 1V WEAS =it Jn A #F 2=
Wy 5 b BRIV /K R AR 22 40 5 B S o T ANt in A
FFAEPIRAL TR (P <0.05) 5 A [a) 4% A1 A= 0 7% Jiti FH 7K
SR R T AR S Y KRB AR R I ) e TR
TEHE(P <0.05) iEIFEFFAE: ) 545 A PRI K AR 2R 15
T E B TR EY A EE (P <0.05)
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(3) VIR T HE WAL X 0 WA 34.53% ~37.58%
F129.61% ~30.88% BJRERE-" N 7E 35 5 11 0 4 et
B K REAR R L, IR B I I T 32, 85% ~33. 60%
H126.61% ~28.78% M 3R K ; 24 F5FF A4 W s it
TR 0 ~12.5 v/hm® B, A [R)RE FF A= 9 7 it FH 7K 7
TR T R KRS AE B AR S AR A AR Rk
POIEEL-SN F - A R W S TR M (P <
0.05) , £ 4= & Wt RS FF A= 4 oAb B ) K R AR R
W RPN A SRR B T AN IS A AR
YIRAL (P <0.05) ; B2 WA XK R AR 28 %
JEARE- N0 IR WA £ 5 R 28 A U 5 B R, 2R 076 T A
BFEIEAIC(P <0.01) , 5 F A FE BRI 5 i A1
EWEEMIC (P <0.05), 55 H 2 3 7AH ¢
(P <0.05) ; 1R T HE WAL 2K R AR R X R AR
4 S 5 A R 40 o B IR 2R 06 ) S A I 2 I A

K(P<0.01), 5% BRI I 1A AR 4 g 3 IEAH G (P <
0.05) , 5 b 2 W #FH A (P <0.05)

(4) R T W BT, A A W ok it
12.5 t/hm* 1 25 t/hm* BEAN il 25 ) 7 7K R 48 0 7
AT 13.05% 3. 32% ; 16 H [R5 FT- 4= 4 5 it
FHACE (B 25 vhm?) ', ¥R I8 T HE AR XK R 28 357
FEEECE AL AL G N 1.36% ~6.13% . 4
YR 0 ~ 12. 5 v/ hm> B, A8 R RS FF A 4 5 it
FHAK ST AR 1+ o 455 XK F5 19 NUE | NAE A1
NPFP /5 T8 FIL | 7K o3z 25 PR O T8R4 =X it
T BN T KRR NUE \NAE 1 NPFP,,

(5) VI E IEASE 2t 3 2 09 S FF A 4 e A
B3RS T KRR L5 Pe 2 NUE \NAE A1 NPFP, H.
FEAF AW e TG E AR, N2 o 1 43 Bk ASE
FLA T AR,
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