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#i E URFEEBRNAKESS MR BZ20' &N (Triticum aestivum) AP, FEHRIERAEMN T, BFARHE-
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Effects of drought on N absorption and utilization in winter wheat at different developmental
stages
LIU En-Ke'?, MEI Xu-Rong"?’, GONG Dao-Zhi'?, YAN Chang-Rong'?, and ZHUANG Yan'?

"nstitute of Envir t and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China; and *Key Labora-
tory of Dryland Agriculture, MOA, Beijing 100081, China
Abstract

Aims Our objective was to investigate the effects of different water stress levels on yield, N absorption, alloca-
tion and utilization in winter wheat cultivars ‘Shijiazhuang 8’ (drought resistant) and ‘Yanmai 20’ (drought sensi-
tive) during different growth durations.

Methods We divided the growing stages of winter wheat into recovering-jointing, jointing-flowering and late
filling. Soil water levels based on field capacity were 75%80% (control, full water supply or well-watered),
65%—70% (light drought stress), 55%—60% (medium drought stress) and 40%—45% (severe drought stress) from
winter wheat seeding to maturity and were controlled by irrigation and mobile rain shelters.

Important findings The drought resistant cultivar ‘Shijiazhuang 8’ had a higher grain yield than ‘Yanmai 20’
under drought stress, and medium drought stress in all the three durations can increase winter wheat yield.
Drought stress in the jointing-flowering stage has the greatest effects on N assimilation and translocation in winter
wheat, the second greatest being in the recovering-jointing stage, while that in late filling stage has few effects.
Both medium and severe drought stress during different growth durations will lower the translocation of stored
nitrogen before anthesis into grain, as well as N utilization rate and productivity; on the other hand, light drought
stress in the recovering-jointing and late filling stages can improve the translocation of stored N into grain as well
as N utilization rate and productivity. Under drought stress, N accumulation in grain of drought-resistant ‘Shijia-
zhuang 8’ relies more on the retranslocation of stored N before anthesis, while that of ‘Yanmai 20’ relies more on
the N accumulation and translocation after anthesis. Considering yield and N translocation of wheat, light drought
stress during the recovering-jointing and late filling stages is necessary, as well as sufficient irrigation during
jointing-flowering stage, so as to improve N accumulation and partitioning.

Key word different growth durations, N absorption, utilization, water stress, winter wheat
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RERTERSPEMEDE KN EER T,
HEEYEKRETNEEERFETIHER(Guitman e
al., 1991; Hirel et al., 2005). FACEHRAEY AT IES)
A, REL/NETriticum aestivum)BJEF
FAMEREM&-EMREN R XERREZ —
(Fischer, 1993; PMRITEE, 1996). 17K 2 AL L0 1
FHERENEXNE, MARWEEDEKKEPR
E IR #4512 F [E 4k (Kang ef al., 2002; TEAMES,
2004; Schahram et al., 2008). BarberflJessop (1987)
KFRAEF Q000NN E T RAERTFH
REMFFRTHE, ATTREHEENRE. 115G
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TR W60 mm/K, MERBANEK, FRER
MEBERE. AT HRIC(2008)43 87 TEL/N
FEBWIEMEKEHR196.10 mm&HT, HHAR
TR &N A R R RSO FRE
ERBEMEIA =R R A AR KB T
IKALER,

AAX K 5 & ADAFEREBRK . FEMF I
KREEFHELNEERKNE—EKNMBEBEST
B, MXAFAEERHARTREREENAPNERER
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KNSR, KA BEEERRR, HANFAEE
AR TREELAMT, £AETE. BEBK.
STECFIR) PR, BUHH R & /N K I R ROR R
PEERARE .
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AHTEBERBPE, 2R KEESRSE. 4
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FEHRESEHNS9%. 5-9H% A ARYE210
hel b, @BEREVEKKE . 2FKREFEEN
517.8 klem?, B HEKEH497 mm, HEFM
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FERRaMAY . REX HEBE L L, BETED
X TR HHLUR16.38 gkg'. 28 0.677
gk, BABE4.83 gkg™ . BA4H90.0 mgkg\ pH
8.12,

R KA RN 7R, PR mish
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TR LD a5 A AR R, T M HERR
[ RO 1] 7K 23 28 B xRS (K . P sl
WA, RER A KRN & K ERMHKE.

MAEE HEFE 0 B R A AT b T e X 2243 &
NFE R EE DY) (RTHEE RMELE B K SR
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MPTRHEFHEE20. WHHINTFEETHE: &
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10A100M12A1H. BEH. RT-FIEAURE
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TEIRE-RTHAREAKE S 5420, 30, 40, 50 mmEL
FARAT-FFACHAFIE SR K B 43 51440, 60, 80,
100 mm. 4354 2T B A £k B 1140%-45% (EE
T\ 55%-60% (T ET-8). 65%-70% (BHETE)
75%-80% (Fe5r#EHE) . ARFINESEBTHE.
. EETRKE, SAEEFHRIBITKSLGE)E,
BRESRNEL6 mFE HIEHXTS/KE, #7KyE
FIR IR, HRFRENEKE.

K NFEIEFIE] 52007410 H24 H, W3R [E]
4200846 H8H . ALAEFT#EFEI —IREHEAN, HEAE
Bh: WEBHIE(N 26.5%, P,Os 11.5%) 830 kg-hm™,
HEEIE(K,0 8%, MgO 6%) 375 kg-hm™, HHER
EHAHLIE600 kghm™ (FHEFRTEE: N 5.0
kg-hm™, P,0s 1.5 kg-hm™?, K50 1.2 kg-hm ™). &b
A FB 1217, BASRFR6IT, FRTEER2S
cm, EFEFEEA2.98 x 10%k-hm?, HAEIEE M
[F)— R = K H
1.2 WEW B
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B, FPRIZESE M, 105 CHRTE20 min, 80 'C T
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®1 ARTEAKEHE/NELLE
Table 1 Different drought levels of winter wheat treatments

szl EHHE
Treatment Growth duration

BRI RAT-FFEH EREM
Recovering-jointing Jointing-flowering  Late filling
Ty 40%—45% 75%-80% 75%—80%
T, 55%—60% 75%—80% 75%—80%
Ts 65%—-70% 75%—-80% 75%-80%
Ts 75%—80% 40%—45% 75%—80%
Ts 75%-80% 55%—60% 75%—-80%
Ts 75%—80% 65%-70% 75%—-80%
Ty 75%-80% 75%80% 40%-45%
Ts 75%-80% 75%—-80% 55%—60%
Ts 75%—80% 75%—80% 65%—70%
Tho 75%—80% 75%—-80% 75%—80%

3%22 FREF AR K &4 THLNEFBIF W (ke
hm™)

Table 2 Effects of different water treatments on yields in winter
wheat during different growth durations (kg-hm™)

4 “fE#%20° bR AN
Treatment ‘Yanmai 20° ‘Shijiazhuang 8’
T1 5375¢ 6 100°

T2 6725° 7 150°

T3 7675° 8 250°

T4 6 475° 7275

TS 6725° 7 550°

T6 7125 8 200°

T7 6 500° 7 100°

T8 6 550° 7575°

T9 7425° 8 450°

TI10 7 450° 8 150°

HEEEL RPDFGFRRRSWKFRERBEN.
Treatments see Table 1. The small letters represent significant different
at 5% level.

FRIEE, E. RAKRRKRHEE, *HEIKE
RN EHEESESEGIL E, 2002), THEHES
BEARSENRLZENEBE(ETHSE, 2004).

BERSERAERDE-FHPERBEEAEH

EE-RAMERBETERENEER (1)
ERBEEAERBR%)-ERBEERREY
B/ EFRSEEREEHERX100% (2)
ERBEEETAMEN)-ERBEEARED
B/RM R A EREEX100% (3)
FUIEA =2 2R (kg kg™ )=FFRLr= & (kg-hm )/
& (kg:hm™) 4)

R F (%) = (HEAEX #b EHEAREAR B &
“AHEX i FEERER)HEEEX100% (5)

T EETERRE(%)=A R X EEAER R
B/HEX i EEERER R Ex100% (6)
1.3 BiEsE

K FdMicrosoft Excel 2003 AHEIE. BXR, X
FASPSS17.05#E B RAHTH U FTNERE
EHRR.

2 HERMSH

21 8

MFE2FR AT LA, 524 F RS ERALL,
HENFHER20ERFHEETRENERT
ST AR, KT RRKYSER
FPRIIRE. PLRHRBN A RESS IR H H-
WITHA W H- IR A AR B T B, 39T
RELPENTE, HPEBRPRETRTRER
HANEFE, SEEFHRSEBMLL, £NE
PR 73.68%. BINA/PNERFEEFTH-K
PWHAREEETREAELNE T BERE, K
R, ERMES, HHEREFER-RY
R N R R EENE W,

SRR LR, ARES S FAE M/ NEEY
BT EZ20 AN E . RRAERPEMER
FREZHT, AFRESS LEM/NE=BH TR
AR T B 20 b3
22 EPMEEZBRERRE

MEIFHUEH, AREFHTREEHLN
EXWMUEANTE, EX20 M AFRESS AR
V- FHEHAREE T RIRPES BRI,
KPARTELEEFHPEASETERS, 52
B AT S A L (T10), A BFERFTPA
FEETREYRE T LA/ NEN FHER+H7+
HPERNSE, WEXNMEETHRNATRERNTL
NEFEER AR RHEE. FRT-TJHEH. #
KPARRTRLEH Y, EFTREHRPHESE
&, MEETEHRIHESERS, FEESE
AMTAEEHAMERNLGE, WAL NEEET
BEMTFREFNTHEASE.

A FRIE LLEE, fEZ20° M RCP RS B &
T ARESS , M FZE B+ 7+ A
ERERAK.
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R3 TREFPARKDZATHEAIELSEREEN
mi(gkg ™)

Table 3 Effects of different water treatments on nitrogen con-
tent in different organs at maturity in winter wheat during dif-
ferent growth durations (g'kg™)

Al LLEE R

2R TR

Cultivar ~ Treatment Grain Leaf  Stem, spike and glume

“BF20° TI 23.7° 10.7° 4.8

‘szmmﬂi V) 238 99% 4.6%
T3 23.6° 10.7* 4.3°
T4 192¢ 9.4° 4.7
T5 22.6° 9.2° 49°
T6 23.1° 84 4.1°
T7 217 6.8 4.8
T8 296°  7.9° 5.6
T9 28.1° 7.6 5.1°
T10 28.2° 8.0° 4.0°

CARE TI 21.6° 10.3* 5.8

85’ T 2000 9.9 3.9°

‘Shijiaz-

huang8° T3 20.4% 10.1° 4.9°
T4 18.3° 7.8 5.2
TS 18.8° 8.2" 4.4°
T6 19.8¢ 8.5° 4.6°
T7 22.6° 8.5 43b
T8 23.6° 8.7° 48"
T9 24.7° 8.3 45°
T10 24.1*  82° 4.4°

K HE2,
Notes see Table 2.

23 REEFESFEPHIE
MRAFWLLE L, WAL DERFE I RE
FREMNEKEARBHNRERRN, RRAPRETE,
M E TR AR R SR ERRM. FREARR
RERZAMESEREAR SR REML, HHT
REEETEERAN THARRBZNEER, HH
HIENFR PR RN R . FRHEERRRNR
HWEESBBUAFCRS), FFRTREERIFA L
RBEE T 2B IME R PARH, FreEftARE
(FoF BRI, MBI AR R B T &/
FHHEREREMSEAMA. B TRT-IEHA
AT ERERNSPMZEKTERENERSER
1€, AT &N ZMMERER R AR #
REWARTRAEENEKARREEE R TR
H- AR - R R T 2R R T R
MEAE, XEPIFFEIAREERTREZmEN
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24 TERIEHPBERREIFRERE
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HENFFR T .

WH-F T2, FEERSERAR
FAFRLP P RHB R, HBRATRERRE, 3
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FIEHAAL, BRI TRELHT, FHEREE
REMFRP R PYEBRE ., BBREMTIMEED,
HRAIBEE-HATH.

PLREHEARIBAL/NE R, SLRHR
M ARES S FAENFHRRFEENITIRE
43 B 67.4%H177.6%, & TP FHTEH EE20,
KR\ EHEN ARESS T Ru LT
BRI E R AR BB ) K T B 551
#20°,

25 #AERIA

ROER, (ELNERE- R R5-FFEH
UKRERGHTETREEHET, £/PENEREFA
MBEMBICEFRERK, HICATETR, MR
BT RE&4TEEMAZSENERE=AEER,
HELERT- R MERGHBRETRELET,
BRI AR ENEREFREREES TEEEY
T ERE. TIERETTERE R S B ER RN
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FIFA AN FSNER .
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=
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F4 AFEFHAFRKSFMETHRBHERELPERRSE TR FEHEM
Table 4 Effects of different water treatments on nitrogen distribution in different organs at maturity in winter wheat during different
growth durations

i hbE ¥ i E-¥ RS ey b REHER
Cultivar Treatment  Grain Leaf Stem, spike and glume Total ac-
HER bt HEE EeB REE Fepl cumulation
Accumulation  Proportion Accumulation  Proportion Accumulation  Proportion amount4
amount (%) amount (%) amount (%) (kg:hm™)
(kg'hm™) (kg-hm™) (kg-hm?)
fEFE20° T1 127.2° 81.1 10.2° 6.5 19.4° 124 156.8
‘Yanmai 20" 1, 160.4° 81.8 11.2¢ 5.7 24.4° 12.5 196.0
T3 181.0° 82.7 16.1° 73 21.8° 9.9 218.9
T4 124.4° 76.8 10.8¢ 6.7 26.8¢ 16.5 161.9
T5 151.8¢ 79.5 11.0° 5.8 28.2¢ 14.8 191.0
T6 164.34 83.6 10.1¢ 52 22.1 11.2 196.4
T7 179.8° 78.2 13.2¢ 5.7 37.0° 16.1 230.0
T8 194.0° 76.6 14.6% 5.8 44.6* 17.6 2532
T9 208.6° 78.2 20.1° 75 38.2° 14.3 266.8
T10 210.2* 82.1 15.8° 6.2 30.0° 117 256.0
‘AHEAESS Ti 131.6° 76.6 8.9 5.2 31.3° 18.2 171.8
‘Shiji- 19 143.0° 79.4 1.7 6.5 25.4° 14.1 180.1
anzhuang 8
T3 168.1¢ 78.6 12.0° 5.6 33.8° 15.8 213.8
T4 133.0° 80.0 6.9° 4.1 26.3¢ 15.8 166.2
T5 141.9° 81.5 8.1¢ 4.7 24.0¢ 13.8 174.0
T6 162.0¢ 81.8 9.5¢ 4.8 26.5¢ 13.4 198.1
T7 160.4¢ 76.1 15.5° 7.3 34.8° 16.5 210.7
T8 178.7 71.7 15.5° 6.7 357 155 229.9
T9 208.5° 80.7 14.6* 5.6 354° 13.7 258.5
T10 196.1° 81.7 13.8° 5.7 30.2° 12.6 240.0
RFENEK2.
Notes see Table 2.

MBHMSAE, HTEMLNENTTE. BRASE
(2008) 1 Yang £ (2000)8 LA A, TEFE LA FHIE
LT REA R L E R, REE BRI
B, KRG RERH, BE-HRKTHBNLNERF
SETREEHYREE, XRPERTITES
BKBERTEELSDEEFREKTHE, RiFE"
WIAR BT, It sy BER AR ATk, BB BEAREEH .
R [R5 BRI Y B & /N 22 i P T R R FE AN L 7 B
HEAR, FLREREN A FKESS WA ERY-
FHEMERNEE TRE0OREE, iR
FS B2 20 INFE IR H HI-RTT IR E T REE44
HiRER.

VFIR KE %5 (2004) Al Palta 2 (1994)RF 504 0 1+ 188
KT ERATAEBE M B R PR P RS, R ERR
REKF. EEESQ004)BFFTIAN KR4 F Bk

KB SHEEANEHNEREAORE, FiHIE%E
(2002)TEAE W 4 T AT IR, S RRPKTTH
FAEHAAREIK 750 m> hm 2 HGIR T . K. FRAAE. B
FHIE-HEKT50 m* hm 2E F TR R A RS .
BEFFINA, K3 &NFERRAIBBFIF A Z
W, ERBEAFETHTERENE. “ETEY
SIERAR B N BB, FRARRT 7K 5 8 (1) 3E B
PECFFRAESE, 1995), AT 52 MR A X 0 2% R IR e R
H, X5 ARFREGR BRI, 2009). 1
ERE-RTHUREXEHEETE, AR
PLEHNA/NERFRIEKRD RN BHE
HRE, HHEZET2ET YA S EBRKLHE,
XRHTREETREMRS TR, B ThEH
e, TERLT BN BRI, 2004), ATTEK
HMEBRE.
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RS AEEFHRRKZM TN FZIERTHEARI A
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Table 5 Effects of different water treatments on translocation of
stored nitrogen before anthesis in winter wheat during different
growth durations

Ay 0] HBE HBx TIRRE
Cultivar Treatment Transloca- Translocation Contribution
tion efficiency proportion
(kghm?) (%) (%)
“(EE20° T1 88.0° 60.7° 69.2°
‘Yanmai 20", 116.8¢ 66.5 72.8°
T3 141.4% 69.0° 78.1°
T4 71.3f 52.3° 57.3¢
T5 96.4° 54.2F 63.5¢
T6 115.2¢ 57.5° 70.1°
T7 136.3° 62.54 75.8°
T8 150.4° 66.4° 77.6°
T9 169.1° 71.9* 81.1%
T10 162.0° 67.4° 77.1°
ARESE TI 96.4f 62.3¢ 73.2¢
‘Shijiaz- 1, 108.5° 68.5 75.9%
huang 8
T3 140.9° 72.0° 83.8%
T4 90.8° 59.3° 68.3°
T5 100.4° 65.2¢ 70.8¢
T6 122.9° 66.5° 75.9%
T7 125.5¢ 64.7° 78.3¢
T8 146.0° 70.2° 81.7
T9 180.0° 74.8° 86.3*
T10 161.2° 70.0° 822"
RERR2.
Notes see Table 2.

XNERLNEZERMHTE, FREEKEERE
RAAFEIEFABECBEENTEY, TG
R FEL B 5 — % Hefil(Smith & Whitfield,
1990; FiRFE, 2004). BHEZ Q007 KT H
RETEANEEFRBELUNCEEAZRNEHEN
BHE. KW FIRICQ008)F 5N AL /NE
A F MK EXN196.10 mmiI&4ET, RNEEKL
HILEKLCERE TR RTEECEER
¥R % . T SeligmanFiSinclair (1995)HF 5T
WAETFEARTERMER, BERTHRTH
FHEE., AHARFAARY, TEBREREXER
BREFERAFRNEZENFIEENAR. A
FAEFHTENES TEYEWETEREE N
RS, MERT-RTMEXEREET
BHENTFERBENERE RS T244M4
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Table 6 Effects of different water treatments on nitrogen use
efficiency in winter wheat during different growth durations

B Ab3p EIER A R HEE
Cultivar Treatment & P& TIERE
N fertilizer N fertilizer Soil N
utilization productive  contribu-
rate efficiency  tion rate
(%) (egkg™) (%)
EE20 Tl 24.7° 23.9° 64.6°
;(;fmma‘ V) 42.1° 29.9° sL7b
T3 52.3° 34.1° 46.3°
T4 26.9° 28.8° 62.6°
T5 39.9¢ 29.9° 53.0°
T6 4234 31.7° 51.6°
T7 57.2¢ 28.9° 44.0°
T8 67.5° 29.1° 40.0°
T9 73.6° 33.0° 38.0°
T10 68.7° 33.1° 39.6°
EEE Tl 36.3 27.1° 524
85 ™ 40.1° 31.8 50.0°
‘Shijiaz-
huang 8’ T3 55.0° 36.7* 42.1°
T4 339 32.3 54.2°
T5 37.3° 33.6° 51.7°
T6 48.0¢ 36.4° 45.4°
T7 53.6° 31.6° 2.7
T8 62.2° 33.7° 39.2¢
T9 74.9° 37.6° 34.8°
T10 66.7° 36.2° 37.5¢
RERFE2.
Notes see Table 2.

THEUEARAFFLNERMT TR R RN
BHAZWE, HEERBRNAFRESS, AERE
EMTMRE R THREERS N EE20, HHAX
FE8 5 ¥R E AN R L AT B B & B K
BER, mEZ20 X6 E RN EMEE KB
RERR.

AR E T 2 B 0 RO R B w4
A EFEZF2004)FINALESBE. BE. K
TRIER UK, £ PERERKIKIEK40.6%.
11.5%. 72.0%M149.4% . AWFRIAK, REKHE
PR ER T -F T B X LM ERENRA
BEEMEX, HUCHRE-RTH, MEREHE
WD XFEBERE DR -FEPLNERESR
ERKSEREKFFENE, SKERTRRERKE
RPECAHBUR, FEm T ARNRNEE.
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