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Effects of nitrogen application rate on NSC accumulation and translocation
in stem sheath of spring wheat under drip irrigation

CHE Ziqiang, JIANG Guiying, WANG Haiqi, WANG Rongrong, YIN Haojie
(College of Agronomy, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract; In order to clarify the nitrogen response mechanism of fructan and NSC transport to grain under drip
irrigation in spring wheat, a split-plot experiment was conducted with strong sinew wheat ‘ Xinchun 37’ (XC37)
and middle sinew wheat ‘ Xinchun 6’ (XC6) as the main plots. We examined the effects of nitrogen application
rates of 300, 255, 210 kg - hm > and 0 kg » hm™> on the accumulation and transport of fructose and NSC and their
contribution to yield at different nodes of stem and sheathe ( peduncle internode, penultimate internode, and other
internodes ) of spring wheat under drip irrigation. The results showed that the activities of sucrose fructosyl transfer-
ase (SST), fructan content, NSC content and stem sheath dry matter weight of the two varieties of spring wheat in-
creased first and then decreased, while the activity of exofructan hydrolase (FEH) decreased first and then in-
creased and then decreased ,each index had the best performance of 255 kg + hm™. The activity of fructan metabo-
lizing enzyme, fructan content, NSC content and stem sheath dry matter weight of the other internodes were the
highest,and the contribution rate of fructan, NSC and stem sheath dry matter to yield was 11.18% ~ 35.77%,
14.77% ~45.65% and 25.81% ~33.83% higher than that of the penultimate internode, respectively. Compared with
XC6, the efficiency of storage material accumulation in stem sheath of XC37 was higher than that of XC6. The contri-
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bution rate of fructans, NSC and stem sheath dry matter to yield of XC37 was 32.53% ~116.74%, 26.06% ~ 35.26%
and 6.32% ~21.73% higher than that of XC6, respectively. The interaction effect between nitrogen application rate

and variety had significant effects on the preanthesis transport rate and contribution rate of fructan, NSC pre-flower

transport and the contribution rate of dry matter of peduncle internode to yield. In conclusion,the metabolism and

2

yield of fructan and NSC were the best when the nitrogen application level was 255 kg + hm™ , which was the appro-

priate nitrogen application level for spring wheat under drip irrigation in Xinjiang.

Keywords: spring wheat;drip irrigation ;nitrogen amount; stem sheath node; fructcan; non-structural carbo-

hydrates
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precipitation (P) during wheat growth period
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Fig.2 Effects of different nitrogen application on SST activity at different nodes of spring wheat under drip irrigation
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Fig.3 Effects of different nitrogen application on FEH activity at different nodes of spring wheat under drip irrigation
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Fig.4 Effects of different nitrogen application on fructan content ( DP=4) at different

nodes of spring wheat under drip irrigation
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Fig.5 Effects of different nitrogen application on NSC content at different nodes of spring wheat under drip irrigation
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Fig.6  Effects of different nitrogen treatments on dry matter weight at different nodes of spring wheat under drip irrigation
x3 AREELEXEERNEFERIMMEFHRME

Table 3 Effects of different nitrogen treatments on spring wheat yield and yield composition factors under drip irrigation

i i Qb3 TR E/ g ¥/ (10* - hm™?) FHECA FPRLF= 4/ (kg + hm™?)
Variety (V) Treatment (N) 1000—grain weight Spike number Grain per spike Grain yield
CK1 45.67abed 415.64b 36.63ab 6895.81abc
XC37 Al 47.09a 435.75a 37.39ab 7170.56a
Bl 46.62ab 410.95bc 38.03a 6782.11bc
CK2 44.67cd 393.95cd 34.49¢ 5664.87d
CK1 45.14bed 410.27bc 36.34b 6648.67¢
XC6 Al 46.84a 427.62ab 37.04ab 7053.33ab
B1 46.21abc 407.15bc 37.69ab 6697.73bc
CK2 44.24d 382.15d 34.07c 5383.47d
\4 ns # K ns *
F N B * % ® ok EEEY
NxV * * * *
s | ox x| ns AHIFIRZER B E(P<0.05) M E(P<0.01) A WE (P>0.05) ; FRFNECF G A F/NG FRER R A0 1 25 7 W 3 (P<

0.05), T,
Note: * , #* #* , and ns indicate significant differences ( P<0.05), extremely significant differences (P<0.01) and no significant difference (P>
0.05) , respectively. Different lowercase letters following values within the same row indicate significant differences among treatments ( P<0.05). The

same as below.
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JEH 50 3 (P<0.05)  TORCE  REA ROk AL
Ak A —F XC37 Fl XC6 7E Al J2 CK1 Ab3F
7o SR B - Je K, PR R e B H A B i
Jite 2R i /b 2 S SR i 4B 4k, CK2 F Bl S 30T
T N HA IR T O RRAG, KL 8 P8 BRI L, 5
CK1 FEb, XC37 7£ A1 Ab PR k7 5 A Rk
BE R R 3.12% . 4.84% . 2.06% . 3.98%,
XC6 24 3.77% .4.23% . 1.93% .6.09% , XC37
. XC6 433 & 0.89% 1.81% 0.97% .2.97% ., %
ZIAXIUE AR 5 AU & 2 T Rth 4 oG
.y, = —0.0168x" +9.4535x + 5658.6 ( XC37, R* =
0.9547) ;y,, =—0.0263x>+12.4420x+5376.5 ( XC6, R>
=0.9550) . RP>4 Ff /N 22 0 AU B« O 255 kg -
hm 2}, XC37 B4 6 976.82 kg + hm ™2 ;XC6 F7™
N 6 839.05 kg « hm ™,
24 AREERAETEHENEZZHREEE NSC,F

1 Rt = = o STk

SER RG2S, SRR /N2 B A Ay
VT AE S5 512 FT0 0 355 ) il 280 2 6 45 15 (S AE R
LG e 58 DTRR R A7 A b St 35 52 e, ot o
Jith B ELAEXTAERT A6 5 5 12 R STRCR YA B
o (AL s % TR ) (R 4), A
[ AL BE R, PN A Rl A1 A B [A] 45 o7 S 58
AL HTH 2 R LT CK2(P<0.05) , B HL )5
i A TTHRAE LA STERR I S T CK2, SRR
FEIE R A AL O R 16, 14% ~ 49.38% , BTk %N
4.60% ~35.77%., B& B1 AbEf, HAYY S R BEBTRR

TR AT, P R AR TS SR B BE R RL BT R R 2
= TAE AT, XC37 £ 7 AL J5 X FFRL 53l R 5 XC6
KA 9 R 44.75% ~ 149.80% F115.37% ~62.52%

FH % 5 A0, Jiti 280 X 7 5T 67 AE BT L A6 NSC
EAE R TTER R A B R (AR e i R
BRAR) |, bl K git 8 BAE XS P 45 67 NSC i iz
R ODTHRR M B AR S s R AR AR G sk
TR WEL W, AR E T &AL NSC )5
Meim B NAETT AEJG TTERRI R AL bR R, ) b
FET CK2; BT AIAEJ5 NSC BTk R FEH R Al >
CK1>B1>CK2, £ kb1 NSC %12 % TTak %43 5
21.43% ~44.37% 9.91% ~ 45.65% , A [A] i fi NSC
s TUBRRIGA 22 5% AR 1Y NSC fEfa ¥4z
2 R FLUFF R o3 kR TR . B AR AR S
NSC #4323 Je H X FFRL o1 sk 6 35 & F A A0, 32 &
T55.11% ~74.99% ; XC37 AL AL )5 NSC i
TR L XC6 2 HHE  9.67% ~72.83% ,30.60%
~81.71%,

ANt R 2R84 T B 2 R | Tk
BAEEZES AP A X s i i
RFNTTHRAA 5 ), 3 BAE X RE R kR BT
BRREA R ERZW (L 6), XM TWH iz RN
11.14% ~33.83% , X FFRi SRR 4.28% ~27.44%
AL Lh B 5 RhEE R TTRRR I CK2 B E T
(P<0.05) . SAbBHA T His % TTHORE R, B
TR RN EAR . PR T B B R O
FERLY DTRRR I R XC37 W5 T XC6,

F4 FREEALEXNFEENEETULMNLERBEHEEETE TBENZM %

Table 4  Effects of different nitrogen treatments on remobilization rate and contribution rate of fructan in

penultimate and other internodes of spring wheat during the pre- and post-anthesis under drip irrigation

LR85
Remobilization rate of

AR SRS

Remobilization rate of

AT TTRE R

Contribution rate of

U S

Contribution rate of

A pas:l pre-anthesis post-anthesis pre-anthesis post-anthesis
Variety Treatment
(V) (N) By Hoa B =AY Hoapxs /) Hop By HART
Penultimate Other Penultimate Other Penultimate Other Penultimate Other
internode internodes internode internodes internode internodes internode internodes
CK1 37.80b 36.58b 30.37d 31.47a 16.16a 21.03a 18.65¢ 26.40b
XC37 Al 29.05¢ 29.41c 34.53a 32.39a 16.73a 21.96a 30.38a 35.77a
Bl 41.48ab 27.41c 32.91ab 31.17a 15.57a 10.78¢ 18.41¢ 17.81c
CK2 40.91ab 49.38a 29.37d 30.75a 9.97b 13.47b 10.14de 12.11d
CK1 23.65d 21.53d 32.26bc 31.42a 8.03¢ 8.42d 16.17¢ 17.92¢
XC6 Al 23.28d 19.66de 33.22ab 32.19a 10.66b 11.18¢ 22.77b 26.99h
Bl 28.00c 16.14e 30.58cd 30.92a 7.64c 4.60e 12.02d 12.76d
CK2 44.70a 49.22a 32.80ab 29.02b 6.89¢ 8.97d 7.45e 7.52e
Vv * ok * ok ns ns ® ok ® ok % ok EES
F N % % % % % * % % % % % %
NxV * % ® ok k% ns ® ok * % * ns
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Table 5 Effects of different nitrogen treatments on remobilization rate and contribution rate of NSC in
penultimate and other internodes of spring wheat during the pre- and post-anthesis under drip irrigation

Remobilization rate of Remobilization rate of Contribution rate of Contribution rate of

Vﬁjﬂ T A pre-anthesis post-anthesis pre-anthesis post-anthesis
Ny e T EE R EESE . = kR B R
Penultimate Other Penultimate Other Penultimate Other Penultimate Other
internode internodes internode internodes internode internodes internode internodes
CK1 26.10c 33.52¢ 32.48a 34.62a 14.43h 22.15a 26.59b 35.00b
XC37 Al 27.68¢ 26.01d 32.76a 34.72a 21.57a 22.33a 37.97a 45.65a
Bl 33.32b 27.41d 31.24ab 34.25ab 13.37bc 12.39¢ 18.23¢ 23.55¢
CK2 40.54a 37.98b 30.24ab 33.93ab 12.15¢d 11.90c 12.99d 16.10d
CK1 25.69¢ 26.88d 32.39a 32.68ab 10.78de 12.82hc 20.10¢ 23.14¢
XC6 Al 21.43d 21.55e 31.80ab 33.00ab 13.07bc 14.77b 28.43h 33.75b
Bl 28.80c 29.19d 22.29¢ 32.47ab 10.08e 10.95¢ 10.03d 18.03d
CK2 43.84a 44.37a 29.46h 31.97b 9.91e 10.85¢ 9.44d 11.50e
\' ns ns S B S * % * % * %
F N * sk * sk * ok ns * sk ® sk * ok B
NxV ® * % * % ns * % * % ns *

Fo6 ARERLEMNEHERNEEHTYREEE FEX TEHEHIZM
Table 6 Effects of different nitrogen treatments on transfer and contribution rate of dry material

in the stem and sheath of spring wheat under drip irrigation

feidik/ (kg - hm™) iz %/ % XIRFRL TR %
e b ;F:an s portail 01 amount _ _ Transfjtate _ Cj.r‘ltrlbutlon#ritke to grain _
MF A KA MEY A KA BEY A HATY

Variety (V)  Treatments (N)

Peduncle Penultimate ~ Other Peduncle Penultimate ~ Other Peduncle Penultimate Other

internode  internode  internodes internode  internode  internodes internode  internode  internodes
CK1 267.33¢ 598.75b  1109.27b 15.30bc 24.31ab 33.19a 5.99¢ 13.41b 24.85a
XC37 Al 394.92a 731.98a  1244.60a 18.96a 26.73a 33.83a 8.71a 16.14a 27.44a
Bl 262.77¢ 506.60c 893.40c 14.22¢d 23.48h 33.04a 5.93¢ 11.44c¢ 20.18bc
CK2 228.88d 316.87d 613.63¢ 13.22de 17.57de 32.26ab 5.21d 7.21d 13.97d
CK1 265.53¢ 480.80c¢ 922.67¢ 15.78bc 21.81be 32.36ab 6.20c 11.22¢ 21.54b
XC6 Al 334.75b 589.20b  1133.77ab 16.93b 23.11be 32.76a 7.62b 13.42b 25.81a
Bl 215.48d 369.90d 740.40d 12.10ef 20.32cd 32.14ab 5.07d 8.71d 17.43¢
CK2 178.85¢ 227.48e 519.88e 11.14f 16.88e 30.48b 4.28e 5.45e 12.45d
VvV * ok EE EE EE B * EEY EE ® sk
F N % % % % % % % #* % % % %
NxV ns ns ns ns ns ns * ns ns
3 B i R ZRE A E RS FEH 36 AR 4w, A )

TR T A RME Y o A B kPR A e, AR
FEHE— R, AE A1 Kb BR (i A & 255 kg - hm™)
T, LA A R RS e, R R LA

3.1 mERENEHESNZZHPREERGES
HEREERERERRSHIEHZM

ST B AR /N A 25 P S NSC i 8
A A2 SST A FEH Wi Fp 5G4 | SST
SRR A RSV OC, T FEH T 5 5 008 ) %
fif o0 BRI FEFFAEG 21 15~20 d
(FLBJ) /N2 2R g R ROBE & ik oK, SST i
PRI, TP 25 ~30 d 2247 (S UY)) SST
T, AW S A e R oy — 2, WA B bR
HEDE , /NAZ 258 SST 1 M T FLAUI A 2 F ok, i)
/N, T FEH 35V A B 5 K, B B/
VA BT /NAZ 258 SST TG M4 i, e k25 4 o1

TR 8.77% , ZENE IR B AL IS i i FE DL SO R
R TR 530 LU AE T2 55 36.93% ,102.15% , Tfii X
JiBAEP L, AR 200 kg - hm T EF, N 2R
Y P SR SR 5 ol AT AR O e R L 2 L Al e
BT A B35 BT 45 R 22 5 ] g2 i 0 IR R
[FIATE, AFgEd, ZLBUH B 37 %5 (XC37) H
RRBHE G EIL HE 65 (XC6) 5 17.01%, H
XC37 HART R RAEALRT AL 5 e 18 58 K Wi Xk
L TTHRR 35 5 T XC6, 3 3 n47.41% . 1.89% |
107.67% .45.12% , 3 W 5 i B /N 22 (XC37) A7 7l
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T2E8Y PR R )RR G 2 | (R R R TE Y i
Rt 5 R B AR X I T AR N A R R AR e 18 %
DL XA Y STk B A e, B A
() RN 25 T2 2 38 2ok 14 8 /N 272 Z5 8 b FEH A1 SST
T AR SE LA A7 1 SRR ME AR %52
32 MEEMEEENEZHPNSCEFERER

E25IZMEMm

PEE/NFZ 258 v NSC [m PRI FL 32 | v A 800
BE A ARG KB AL AL EAT A TR
NSC FHUZ i CK2 A1 B1 4b ¥ NSC LB % x5
Li %Y e 4 ie— 80, Uil A Bt /A A T
PRESHE Y NSC &R AU 2 8t A F BULEL R
ZA AR T = m I R, YA 255 kg - hm™
Bf, 452595 NSC 2 5 K HO R 19 5k R fc K, H:
LA AT NSC A 8 1 4R 13.91%,
AT NSC AERT ALJ5 X AFRL Y 5T kR B8] — 5 43
BIHE R 8.27% 1 19.47% , AWFGTIE K IR, 75 AN [R] it
AT, A ST AE R NSC X AFRL Y 5Tk %
] 9.91% ~22.33% , 1€ Jii NSC 51 ik 35 £19.44% ~
45.65% ,FEARF I R AL ST NSC X} 7= 5 1Y BT ik 2 5%
Ko X5 TN B gT 45 A AN A, g &
P/NAZ 25 vh NSC AL e 12 S8 X) 7 1 1Y 5T Bk 8 488
T, BN [R] T B2 45 AR 5 1 it S R 3 =S )
FRE™, ARG A R, 7E AL AL BT, P Y
XC37 HA 1T NSC & Fb XC6 H4 /N 14.23% , £ R A1
TG 38 R4 W 5 20.70% F1 5.21% , AL R AL IS
KRR ) DR 3 ) 45 5 51.18% F1 35.26% , it A
5 A 2 (R TE 3 I B AR RON T B 3 R it
Rt A A THE R A /N A2 XC37 258 NSC LT
B L) RO FERL I ST R B v (AR AR
TFF KA EAEXT R [R) S P A /N 22 2581 NSC B
Fas PR R U RIS R iE— 2B AR
33 MRENEHEENEZEZHTYRET=EHK

=AU

AR RN AT A B B SRR, —
PS5 e 3 X /N 7 R ST R 10% ~
20%" , WHFFE W, 3 219 it A A {2 it /N 27 25
THRAR G527 |t R it 22 W S 258 T
Yy I 3 I R R LT AR A BTk R Y et Ui O
~360 kg + hm ™I [ P 39t U8 , HEN 22 X /NEZ K
Jo 2R T W o R B R L AR 7 e Y T R R A O
FHG B R, IR 180 kg « hm ™ B 3k £
RV ARG U 255 kg - hm 2 LB
A7 ZE B T B PR RL 9 BT RR e R K, P
AR PR BT RN 26.63% , 8] 5N 14.78%

BFY R 8.17% ., 4T5 % ot & B0, it AL i
0~300 kg - hm B, 58 A /N 22 R g5 i /N 22 2585 T
JEHE IR 51.1% ~56.4% 35.2% ~48.3% , %t
FPRLTTHR R 2 M 32.6% ~44.6% 15.9% ~29.3% ,
S /INAE ZE M T ) B R 2 B AR Y TR R
TGN s X SRR WS 45— 50, B A1 b3
RG] XC37 (HR ALY ) 25 T TR s T Ho e
WU & T XCo (i AL |, AN SR =R T
R HAY N 18.96% ~33.83% . 16.93% ~32.76%
Sof7e A BTk R K 8. 71% ~ 27.44% [ 7.62% ~
25.81% ,XC37 THFikkiz i 512 R DL O R AY
TR XC6 1 9.78% 3.27% .6.32% , LI A
RPN W) o i d i Ko L AT BT ik 1) 52 ) (R
AR R A7 AR 22 5

4zt B

ARSI T, WA/ INZZ SR 25 39 0 25 8
SST W1t SREME & & NSC & & LA KL T o &
Bl A= B R 34 B S S R i AR AR LA, 1T FEH %
PR IR el o 1 PR . AR A b, HR i 4%
Tt TR AT B =, SX (AR 0 ke -
hm™) #H LG, A1 A0 B (i AU 255 kg - hm™) 3542
e T R A RO B i SR R A O
NSC & it DLSCERS T W o, A ) T2 i 25 5 R 2R
B NSC LUK 90 5 1] KPR 5538, %o 7 i A 32 ik R
Ay ik 3023.98% 29.13% .29.96% ; XC37 %4641 LA
Kb i TR B T XC6, R, 255 kg + hm™
FIAE gt v T A /N 22 (e S SR R /N A2 ) B
T B EE it FH AT SEA T R H
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