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1 HHNMAENTFRBREINEREZEENER(T)
Table 1 The effect of nitrogen fertilization level on canopy temperature of wheat during jointing stage

MEHAMA-H)
2] 4 Determination date(m ~ d) FHE1L
Variety Treatment Mean one
03 -27 03-30 04-01 04 -03 04-07

No 15.1 20.0 19.1 17.4 23.0 18.9a
Bk 229 NI20 -0.2 -1.0 -0.9 -0.5 -2.1 ~0.9b
Shaan229 N240 -0.5 ~1.4 -1.3 -0.4 -1.8 ~1.1b
N360 -0.5 -1.5 -1.1 -0.2 -1.6 -1.0b
NO 15.3 20.1 19.6 17.6 23.1 19.52
AE2 NI120 -0.5 -0.8 -0.9 -0.3 -1.3 -0.7b
Xiaoyan22 N240 -0.7 -0.8 -0.9 -0.5 ~1.5 -0.9b
N360 -0.8 -0.9 ~0.9 -0.4 -1.1 ~0.8b
NO 15.2 21.0 2.5 18.6 2.2 20.2a
N120 -0.3 -0.8 -0.7 -0.6 -1.8 ~0.9b

NR9405
N240 -0.3 -1.0 -0.7 -0.6 -1.8 -0.8b
N360 -0.4 -1.3 -0.7 -0.6 -1.5 ~0.9b
No 15.2 20.3 19.7 17.7 23.4 v 19.6a
THE2 N120 -0.3 -0.9 -0.8 -0.5 -1.7 ~0.8b
Mean two N240 ~0.5 -1.0 -1.0 -0.5 -1.7 -0.9b
N360 ~0.6 -1.2 -0.9 -0.4 ~1.4 ~0.9b

¥ EEEARFERTA—-SRARAEEREZREE NEFHER S BEKF,
Note : Different letters following figures mean significant difference among the fertilization treatments, while the small letters indicate difference at 5% level.

2.1.1 R¥H AR 1ATLUES, ¥ EE A EE
BRI ENTERE 0.2C ~2.1C, FHEK
0.9C, AAME AP EZRETRIEBERESR, A
ELYXMNSBERBERAAXRBE. S/ &#K
BB EEMNEERA(EHREEO.9C ~

1.1C),NR9405 IR Z (SF ¥ BE{K 0.8C ~ 0.9C), /»
B 22 BB B B/ (F 3K 0.7C ~0.9C) 0 =
MEARLER, XHENEAHEAERERD, NE
0C~0.5C2H,FH0.1C. GRHEAZTERFA
AFRBMRLET F3—B, ¥k NR940S B 5, /ME
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RRZ,FE2BEERERAREEREER
BAEEAR LA M, R A4 E A AE
BHLAC HERERAERTE N240 LB TF X 2C,
2.1.2 2RM5FEHN ZBHPSFEHN(F2),
BABIRMS NOEERE LG AELER 1.0CK
L ERHMHEZ23C, FHFHE 1.2C. =1 AR
B8, BEERIN N4 L EEZERERMK, P
HEHLAEKO0.3C, BRHEE 1.0CEH,N120 Fl
NIOERAEE. —RHHE, WEHATREE

FHR—B,EBKNE 20 BENBEERAK(EK
THET 2.3C, PR 1.4C),/ME 2 RZ(F K
FEE1.8C, FHFEME 1.2°C), NRO05 HI X /b (B
ATHE2.0C, FH%E1.0C), =M ERARHE,

CPUERRERENEE T 229 EREX, S W

Bk 229 Xt BAE A R I AR, ARIBER
MEERREZE K ERIFRI N NR40S B,
/ME 22 K2, B 229 BHAK , & B (] B K2 R 7E N240
WETFH2.2C,

22 FRPESFEMAENFREERNMERERENERE(T)
Table 2 The effect of nitrogen fertilization level on canopy temperature of wheat during booting and flowering stage

MEHMA-R)
E P13 Determination date(m — d) FE 1
Variety T Mean one
04-10 04-11 04-13 04-16 04-20

NO 2.7 21.6 2.5 21.6 2.9 23.5

B 229 N120 -1.0 -0.4 -1.1 -1.9 -2.1 -1.3b
Shaan229 N240 ~-1.2 ~0.6 -2.1 -2.2 -2.3 -1.7c
N360 -1.0 -0.5 -1.4 -1.8 -1.8 -1.3b

No 2.4 " no 2.1 21.8 2.1 2.9

MNE2 N120 -1.3 -0.2 -1.3 -1.3 -1.4 -1.1b
Xiaoyan22 N240 -1.3 -0.3 -1.5 -1.8 -1.4 -1.3b
N360 -1.3 -0.2 -1.4 -1.3 -1.4 -1.1b

NO 23.8 2.9 2.1 2.9 2%.8 2.5a

NR9405 N120 -1.5 -0.2 -0.2 -1.7 -1.1 " -0.%
N240 -1.2 -0.9 -0.5 -2.0 -1.1 -1.1b

N360 -1.2 -0.2 -0.2 -7 -1.0 -0.9

NO 2.3 2.2 7.9 2.1 2.3 23.9a

V2 N120 -1.3 -0.3 -0.9 -1.6 -1.5 -1.1b
Mean two N240 -1.2 -0.6 -1.4 -2.0 -1.6 -1.4c
N360 -1.2 -0.3 -1.0 -1.6 -1.4 -1.1b

EREGARAFRERA—GHAFABERNLZREX NEFEER S BEKF.
Note : Different letters following figures mean significant difference among the fertilization treatments, while the small letters indicate difference at 5% level.

2.1.3 #RELH EERLELHNOWTEZBEK
R FTRELE(X3),BIHKN, BEER
2.0CE, BRMHEZ.IOC, FH/ L 2.4C, A
ABEEE, FRAEFHEARR, ELE LB
(BT 3 MW E B )R TN N360 B 5, N120 E ¥, N240
RE,ZRE0.1C~0.6CZE;EXP SHEN
A5, Sk N120 5 %, N240 Kk Z, N360 &
B.ZRE0.1C~1.5CZE; R P ESEE P
RYPBHR—B N0 EERERS, PHHEEN
ALEF 0.3C ~0.4C, HEFA B H# F AT N240
BTF NGO, EREHHEFHR, BHEFHE
N240 5 N360 Z[H] £ 57 R 8. & FhE 75 LABE 229
MNERLEEZAEMBAER, AELETEER

EXREBA, FRABRERIEEEREZRHESR
RRFH K NRY05 B8, /ME 22 K2, BE 229 &
REXGEZRWGHAZCEREERE KRR
2.5C,
22 FEBEENEEREXIPFHFBER
BENELEEHNEE EXSTHNEABRRE
EEMEM(TS) NOMEBERERINMELRS
LPRBRE KE=MERBLE EXRERAN
N240 > N120 > N360, % /5 $ i & 5L N360 > N240 >
N120; R ELENHPNEERESRBELRY
EREERERX(FRO),.EXINHHXRRERK, &
-0.911*",
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23 ERETNMARHARARRENEREERENER(T)
Table 3 The effect of nitrogen fertilization level on py temp of wheat during milk filling
NEBH(A-H)
R Fis: | Determination date(m — d) ¥
Variety T Mean one
04-26 05-02 05-05 05-15 05-18 05-20 05-25
No 2.0 27.6 29.0 25.5 2.0 29.6 29.6 27.0a
Bk 229 N120 -2.6 -2.8 -1.7 -2.0 -2.4 -24 -2.8 ~2.4b
Shasn229 N240 -3.2 -2.9 -1.8 -2.1 -3.0 -3.1 -3.4 ~2.8¢
N360 -2.4 -2.6 -1.3 -2.2 -3.4 -3.9 -3.8 -2.8¢
NO 2.1 28.0 29.8 2.0 2.8 29.9 30.0 27.5
rER N120 -2.4 -2.6 -1.7 -L5 -2.6 -1.8 -2.0 ~-2.1b
Kiaoyan22 N240 -2.5 -2.7 -1.8 -17 -3.0 -2.3 -2.5 ~2.4c
N360 -2.3 -2.3 -1.5 -1.8 -3.1 -2.8 -2.6 -2.3be
NO 2.4 28.6 30.1 2%.7 25.6 31.5 31.2 28.3a
— N120 -2.1 -2.0 -1.4 -1.5 -2.9 -2.5 -2.7 -2.%
N240 -2.5 -2.3 -1.5 -1.7 -3.2 -3.0 -3.4 -2.5¢
N360 -2.0 -1.9 -1.1 -1.6 -3.1 -3.3 -3.6 -2.4bc
NO 4.2 28.1 2.6 2.1 2%.8 30.3 30.3 27.6a
P2 N120 -2.4 -2.5 -1.6 -7 -2.6 -22 -2.5 -2.2b
Mean tvo N240 -2.7 -2.6 -1.7 -1.8 -3.1 -2.8 -3.1 -2.6¢
N360 -2.2 -2.3 -1.3 -1.9 -3.2 -3.3 -3.3 ~2.5¢

E:HERARFREARA—ERTAEERAERBE NEFRER S BEKF,
Note: Different letters following figures mean significant difference among the fertilization treatments, while the small letters indicate difference at 5% level.

H4 REETN=ZHEEINEDN
B £ (mmol/(m?+s))

Tsble 4 The transpiration rate of three different kinds
of temperature wheat during milk filling

MEHH(A-R)

f b1 ) Determination date(m-d) 31 1
Variety Treatment Mean one
05-05 05-15 05-25
NO 3.4 1.08  0.48 1.53
% 220 N120 325 1.9  0.37 1.84
Shaan229 N240 3.48 2.26 0.5 2.10
N30 3.2 3.5 1.14 2.63
NO 320 1.9  0.46 1.78
K2 NI20 438 2.5 1.9 2.95
Xiaoyan22 N40 472 3.4 2.3 3.47
N360 423 401 4.6 4.2
NO 2.8 1.3 0.2 1.50
NI20 404 233 0.38 2.25
NR9405
N40 439 338  0.74 2.84
N30 3.8  3.65 0.8 2.76
NO 3.2 1.3 0.41 1.53
R 2 N120 3.8 227 0.8 2.35
Mean two N240 4.2 3.04 1.18 2.80
N30 375 3T 2.2 3.2

2.3 ARABEEMZEFREEAKERSEER
BHXR
BMERSEH,ZHBERINEBRTERYME

HERMMH K, ABERASREEKRE;EMEF

PREAESELFEIIREERAMEE(EE),

BYH, 308 - FrE, R LRl P B AR

E¥4 5% - 0.821, - 0.879, - 0.883, - 0.931,

-0.937, IR HE AT M EBHXEZHHE K,
FEMFEMR=EEMNE WY E(ES.6),

WMEFESEEMBER SRR, 5S&HEHE

BREHERMEXL, TRERARK, 5SEERER

BHEHEXXRT. BEESRFTH. 2EFEPAN

BRLE XN REREMNELRTRELINAE r =

~0.854"* . r=-0.835""5 r= -0.743" " , ¥

K r=-074"".r=-0782""5r=

-0.806" " HEXEPAB AN r=-0.929"";F

HESRYVYEBERESRBEEEMX, 5ZBA

EYEEREEREEME, MEXRETHA:r=

0.780" " .r=0.649" , M SR XELEITHHPNE

BREXBEHXE.
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Table 5 The effect of nitrogen fertilization level on the theoretical yield and yield components of different temperature varieties

FRER IS | ¥t Varier
Yield factor Treatment Bk 229 Shaan229 /ME 22 Xinoyan22 NR9405 F 1 Mean
NO 5227.5 1 164.23D 5475.2 £ 83. 16Ce 3686.9 = 198.81Cc 4796.5£72.96D
- T N120 7307.5 +70.86C 7035.2 + 266.54Bb 5752.7 +71.68Bb 6698.5 £ 66.77C
Theoretical yield

(kg/ha) N240 7712.9£77.47B 8167.6+27.53As 6495.6 + 65.01Aa 7458.7 = 12.86B
N360 8649.5 £ 186.58A 8361.1£117.12Aa 6627.5 £ 105.53Aa 7879.4£73.89A

No 36.9.+1.04Bb 41.2£0.75Cc 26.0%1.11Cc 34.7£0.27Cd

Sk N120 45.4£0.95Aa 41.3£0.96Ce 31.2+0.65Bb 39.3£0.75Be

Kernel number per spike

(No. /ear) N240 45.741.31A0 44.0£0.38Bb 32.8+ 1.87ABb 40.8£0.43Bb
N360 47.1£2.11Aa 47.5£0.50Aa 35.4%1.00Aa 43.4£0.83Aa

NO 34.440.64a 38.2+1.16Bb 45.9£0.25Aa 39.520.584a

FHE N120 33.220.23a 40.2+1.08ABb 42.9£0.49Bb 38.8£0.59Aab

1000-kernel weight

(® N240 34.7£0.07a 42.5£0.72A 41.0+0.86BCe 39.4£0.03Aa

N360 33.80.94a 39.321.17ABb 40.2£0.95Ce 37.8+0.924b

NO 4.120.53Bb 3.530.23Ba 3.10£0.23Cc 3.58.£0.30Bc

RAHREK N120 4.8850.37ABa 4.3420.46Aa 4.32£0.198b 4.51£0.23Ab

Spike number per hectare

105/ har?) N240 4.90£0.24ABa 4.33£0.13Aa 4.86+0.18Aa 4.70£0.05Aab
N360 5.47£0.17Aa 4.49£0.07Aa 4.690.13ABa 4.8920.07Aa

EBERARAFRRRA—GHTAEENLERBE; NESKEFRLNRKR SR 19K BE KT,
Note : Different letters following figures mean significant difference among the fertilization treatments, while the small letters indicate difference at 5% level.

£6 FRAAAMIEREEESFRERENARR FBEZNHAXE(n=12)
Table 6 The correlation between canopy temperature and yield, yield components and transpiration rate during different stages

FRE

AEBHK R

ﬂéfgem nf:i?i: :eld 1000-kemel Spike number Kemel mumber Tmlfpi?j rate
weight per hectare per spike
# W Jointing -0.821°" 0.780"* -0.774" " -0.854"" -
Z B 5T Booting and flowering ~0.879"" 0.649° -0.782"* -0.835°"* -
ME L LY Eady grain filling -0.883"" 0.373 -0.852""* -0.682"° -0.911°°
5 %L R Middle grain filling -0.931"" 0.551 -0.908""* ~0.761"* -0.865""*
EELELIEY Late grain filling -0.937"" 0.565 -0.929"" ~0.7717°* -0.72*"

EURAETPR—EELET=4AWEEREFHES=BEANREAR EREREEXELN, » H» » HRRSBM 1%

WEXKF.

Note : The correlation analysis of the canopy temperature of three varieties with yield and yield components, transpiration rates were under the conditions of the

same fertilization treatments and different growth stages, while ¥ and * * mean significant difference at 5 % and 1 % probability level , respectively.

3 i B
3.1 SBEXANERFALEENEEEEURKEE
M
Gima F AL/ NERRFERRTPMEH
EYRAESERESRME, Simonena £ £ M
NEFEMEHURERETH, BEEEN 120
kg/ho” i) /2 HBE 40 ke/hm® MR A BREHTER
B. aHRNEREZHA, ENTMEFH NBEZERES
BTRELE, MELATHNEE, FlEAREE
HEEEREMNERA LABYE ERELETHE

BK, ZAHBARKE, FRNHEARXN TZR
BEEWEARFA. XUBSPELERETNRBE
ZHHBEAX, BRTPRNME-EPERBERR.
EREBEXHNE, BRHRNMNEBER/N BEE
R R B, WA AL M L AN R,
EEREZXASKBEMIRBEEZHER, TS
BAAEALERNERAL;N EERERENER
HR R GRS BRAR ARG, MEHALE
TR HMELRAINXEHEAE KL
(N2O)EHRETRAAS, HAEE, HKt, 2R
BB, 0 i 2 B 35 A0 4D 3 (N240 F0 N360) % 3%
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AR BB AE A AR AR BE AN 4 AL B X
MEFREXNEERENERPHER -8 &
HENEERERENERRPE 229 AIELET T
BREERERA, U9 3 & # % 20 08 40 38 2% B AR X
BRER. EXETHNABERSESERERE
BREEMEX, AP BIETEERERNNEE
BELRE.
32 HEN=REERNMEFBREHMBERY

b 201

EHEAEERTFEENEFREEM EXT
ARENEEZHBPIHEANER—. AR
4, EUABHE A F T4 hn R 10516140 MR 20, A
BT FREMN- " il m kR EEBE
B AL E N, EE R BRI PR TEMER
ERAFHANBYE TIBEEAHNETHRAS ;IH
AP R EELEN REKAEREE W, EXH
BPEHARE, AHREL . =FRBRER/|ER
7 B AR B L R A T S, i AR R
A EESERER M TREERERAIELET
REKR R ET R EREK,
3.3 HEABRTHMEREREES~REEAMEA

EHXER ,

Hegde % B 58 = 2 AE 4 38 Xt ¥ &L (Allium cepa
L)BEERENEWHE X, A RN 160 kg/hu’
WEALBEIERERRK, *2EFY, =zaM
sNIGREH ¥ M EXNR I EBEERESER
FEHNRBRABSEAMEX, NEBEREEL
BYRTREMBOIEME, HERSMIAN M
EEHBOER, NEEXPOEERES=EN
MAAXUEEABE FEEEERSIRMNES M
XEHK FEELPMZERFRHCRERESTH
B 1C, FREAE 280 ke/hed; R E &I T
W -ERXETHNEERESFENHEEERK
FAEiE 7d>1EE 20d > FFEM > )5 28d> HE
“Hd>HmBYy, EPHEE71dRM 20 dHTRBES®
BERBEMX, ATREL . EMMETHNEE
REFRBLFrELYEREERMEX EREXEELRE
B RRAFEMNREE D, RS R
EZ M BNEERENEEERAMEX, ARER
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Effect of nitrogen application rate on canopy temperature and its relationship
with biological characteristics of winter wheat

ZHUGE Ai-yan, QU Zheng-wei, ZHOU Chun-ju” , HE Lian-shuai, HU Bing, HAO Ying-bin
( College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: A field experiment was carried out to study the effect of four nitrogen treatments (N0, N120, N240 and
N360) on CT (canopy temperature), yield, yield component elements and transpiration rate of three wheat varieties
(Shaan229, Xiaoyan22 and NR9405) during the period from jointing to maturity. The results showed that NO CT were
higher than the nitrogen treatment on each stage, and the difference was higher with the development of growth, at the
late grain-filling stage filling up to the maximum. There were no significant differences among nitrogen treatments during
jointing stage. N240 treatment performed the lowest CT during booting to flowering period, while N120 and N360 had no
significant differences between each other. The CT was in the order of N360 > N120 > N240 during early grain filling
stage, and the differences were 0.1°C ~0.6°C. The CT was in the order of N120 > N240 > N360 during mid-late grain
filling stage, and the difference were 0.1°C ~ 1.5C . The largest differences of CT among the three varieties were also in
late grain filling stage, but the temperature type of wheat could not be changed by nitrogen fertilizations. The transpira-
tion rate and CT had extremely significant negative correlation. The CT and the theoretical yield also had extremely signif-
icant negative correlation from jointing to maturity, and the most extremely significance was in late grain filling stage. The
grain number per spike and spike number had negative correlation with CT in each stage, getting the largest in the joint-
ing and late grain filling stage respectively. 1000-grain weight had extremely positive correlation with CT during jointing
stage, and positive correlation with CT during booting and flowering stages, and the greatest relevance was in jointing
stage. It is suggested that CT at mid-late grain filling stage can be used as a parameter to estimate yield and can be used
as an indicator of N fertilizer application.

Keywords: rate nitrogen fertilization; different canopy temperature types of wheat; canopy temperature; yield its

components



