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Effect of fertilization on the canopy temperature of winter wheat and its

relationship with biological characteristics
ZHOU Chun—]ul , ZHANG Song-Wul, WANG Lianuanz, MIAO Fangl (1. College of Life Science; 2.College of

Resources and Environmental Sciences, Northwestern Sci-Tech University of Agriculture and Forestry, Yangling, Shaanzi 712100, China). Acta
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Abstract : Remotely sensing infrared canopy temperature is an efficient way to rapidly and non-destructively monitor the whole-
plant response to water stress. It has often been used as a screening tool to select genotypes with drought and heat tolerance.
It is reported that the drought-stressed plants show higher canopy temperature than the well-watered plants at both the
vegetative- and anthesis growth stages. However, there is little information available about the effects of nutrient stress on the
canopy temperature of crops. The objective of our experiment was to study the effect of different fertilization treatments on the
canopy temperature of winter wheat (Triticum aestivum L. ) by using infra-red thermometry.

Field experiments were conducted from 2000 to 2003 at the Agricultural Experimental Station of Northwestern Sci-Tech
University of Agriculture and Forestry, Yangling, Shaanxi Province, China. It is a sub-humid area susceptible to drought. We
examined canopy temperature in five cultivars of winter wheat: Xiaoyan 6, Shaan 229, RB6, NR9405 and 9430. Previous
studies indicated that the mean canopy temperature of these varieties after anthesis was different. Each variety received four
fertilizer treatments; CK (no fertilizer), N fertilization (513.6kg/hm?® urea), P fertilization (409. 9kg/hm? triple super-
phosphate) and NP fertilization (513. 6kg/hm’ urea plus 409. 9kg/hm? triple super-phosphate). The treatments (variety X
fertilizer) were factorially arranged in a 5X 4 randomized complete block design. Each treatment was replicated three times.
The area of each plot was 1. 5m X 1. 2m (1. 2m long, 6 rows at 25cm apart). The soil is classified as Eum-Orthic Anthrosol,
equivalent to an Udic Haplustalf in the USDA system. The soil had the following characteristics; OM, 15. 32g/kg; total-N,
0. 73g/kg; NHf-N, 6. 28mg/kg; NO; -N, 26. 43mg/kg; available P, 18. 20mg/kg; and available K;O, 201mg/kg. Beginning
at ear emergence, the canopy temperature of the wheat was measured using a hand-held infra-red thermometer (BAU-I,
China). Canopy temperature measurements were made at noon on clear days. A total of fifteen measurements were made on 2-
3 day intervals. The chlorophyll and water-soluble protein contt;nt of the flag leaves were measured three times during the

grain filling stage. The transpiration and net photosynthesis rate of the flag leaves were also determined using a portable
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photosynthesis system (LI-6400, USA LI-COR). Five measurements were made at seven day intervals from the start of
anthesis. Each determination was measured between 9:00~11:00 in the morning.

The results showed that fertilization could change the canopy temperature of different wheat genotypes. Nutrient stressed
plants (CK) had higher canopy temperatures compared to well-fertilized plants (NP). At the grain filling stage, the canopy
temperature of winter wheat in the different fertilizer treatments had a negative relationship with the chlorophyll content,
water soluble protein content, transpiration rate and net photosynthetic rate of the flag leaves. The corresponding coefficient of
correlation was —0.818"*,—0.716"",—0.8559"" and —0.6547" *, respectively. These results indicated that there was a
good relationship between canopy temperature and the nutrition status of the wheat plants. The well-fertilized plants had lower
canopy temperatures compared to nutrient-stressed plants. We also observed that plants with low canopy temperature grew
better than plants with high canopy temperatures. The results from this experiment indicate that canopy temperature may be
an efficient method for the rapid and non-destructive monitoring of whole-plant nutrient stress.
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HR T 2000~2003 FEFEFIRABE RERERR—WHT, BHABRFLBESE. X LB HH+,0~20cm £
TEFENERR AR 15. 32g/keg . 2K 0. 73 g/kg NH -N 6. 28 mg/kg NO;-N 26. 43 mg/kg . B BE 18. 20 mg/kg EKH
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EABENEERS . SR NEFHEAFRELAEFAPRARANTIEREL R LB H B K /NME 6 5.k 229 \RB6.
NR9405.9430 3£ 5 M@ F KA =FE FERERK. EHEFTFEREERT KRR ABIIKAHT EHZ 3 K, B/PK 617,17
¥ 1. 2m,478E 0. 25m, BkBE 0. 03m, F 10 § L AWHREE. HACHEHER —RAH.

1.2 WEFAMGE

OBZREWE R BN BTE R 690 FR % 9677 BT AR 2 B 7= BAU-T BN R AL .

QOHWEFRFROWE AERVP . FPMAL S 3 RBUEH R, AREZEO : DIRSHERE,B™ UV-754 R4tk
B ENE. # Amon AXITEHFRESED,

OUEHEARSTEOWE R, EEEVY . RARBE 3 RBUSH . REEDHRE G-250 BARAEN
ECL U4 B EO M ERLE. .

(OESAEEMERERNNE AEE LI-COR ARAAEH LI-6400 FHEXBEWERLE. B S A 2 HCGFEIDF
#,8R 7d EHWE 1 KR HEL A ERARBEE, HEM T TH. BENEX 9:00~11.:00, AR B, BAE RRER
M EATIE B RER AR ERANENAERTNE. §MRMHOE I EEYERRE 6 K.

GIREHR WWETHE SER ARBE EW*ER I FREF L™,

R BRI SAS Gt b iTab R,

2 BRE55H
2.1 AFEMIELET/NERRRENEL

RIWERZEREGR 1~2d WE 1 K BWE, AHIREBBIBRBAHIE 5 MRWE . RPEMHFHERLELEKRE
AEWE RELBREEA SRR EAHEYBREE.

B 184S MEEER 15 W E M FEE, FHY s MERSFHWEEE AR I ME 1S SR0 s M EEMNE
MMERREELETHEZREFESER A MELBEE, ARLENEERERK FHEELAEE®N, HERRKRTE
2CEA. HEAE.  AEHRMNERBRER S, PBHE KR KE SRR, ™4 X R R E A 885 & 2 e st



20 £ & ¥ # 25 %

ARAEX, EWEM 5 MEERNEF, HF NR405 KYiE B NP<P<N<CK,H# 4 A NP<N<P<CK. #HE
FMER=E, AERREBF, 5 Carrity #1 O’ Toole™ ' S ZHRETE KA FEHBEMN K PER™E, EZBER
BEREM. 5 NEE R A B, 76 B 2 HE X R IE % M IE A 5L T &2 R F A9 S A N 9430 F1 NR9405, ZEFR A BB T
HEERECERRE BARABEERKA—.5 Carrity #1 O’Toole ZEKBE ELFBMN™E K4 E TEERERNGHM . EX L
EREHTHERZEECRRMWERFEHEM.

%1 BEBRMEANTREECC

Table 1 Canopy temperature of wheat during milk~filling

G pig::! H F# Order in the days
Variety = Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 F
A NP 28.5 29.8 28.3 26.6 26.2 23.4 21.9 23.4 250 239 27.0 29.1 32.1 32.8 37.2 27.7
N +0.2 +0.1 0.0 0.0 4+0.2 4+0.2 +0.2 +0.2 +0.2 4+0.1 +0.3 +0.3 +0.4 +0.4 +0.6 +0.2
P +0.3 +0.3 +0.2 4+0.2 +0.4 +0.3 +0.3 +0.5 +0.5 +0.4 +0.7 +1.2 +1.0 +1.0 +1.4 +0.6
CK +0.8 +0.9 +0.8 +0.9 +1.1 +0.9 +0.8 +1.0 +1.0 +1.0 +1.4 +1.5 +1.5 +1.4 +1.7 +1.1
B NP 28.9 30.1 28.2 26.4 26.1 235 21.9 23.4 249 23.7 26.9 29.0 31.8 32.4 36.7 27.6
N +0.1 +0.2 +0.6 +0.7 +0.7 +0.4 +0.3 +0.3 +0.5 +0.5 +0.6 +0.8 +0.9 +0.9 +1.2 0.6
P +0.2 +0.4 +0.6 +0.6 +0.7 +0.5 +0.4 +0.5 +0.6 +0.5 +0.7 +0.9 +1.0 +1.1 +1.3 +0.7
CK +0.2 +0.4 +0.7 +0.7 +0.7 +0.6 +0.7 +0.9 +0.9 +0.9 +1.1 +1.2 +1.2 +1.3 +1.6 +0.9
C NP 28.3 29.4 27.6 25.8 25.6 23.1 21.5 23.0 24.6 23.3 26.3 28.2 30.9 31.4 355 27.0
N +0.6 +0.8 +0.8 +0.8 +0.6 +0.4 +0.2 +0.2 4+0.1 +0.1 +0.3 +0.5 +0.6 +0.8 +0.9 +0.5
P +0.5 +0.7 4+0.9 +0.9 +1.0 +0.7 +0.5 +0.5 +0.5 +0.5 +0.6 +1.0 +1.2 +1.4 +1.6 +0.8
CK +0.7 +1.0 +1.2 +1.3 +1.2 +1.0 +0.9 +1.0 +0.9 +0.9 +1.3 +1.4 +1.7 +1.9 +2.3 +1.2
D NP 28.9 29.9 28.4 26.7 26.5 23.6 22.3 23.7 253 240 27.2 29.3 32.3 33.0 37.4 27.9
N +0.4 +0.5 +0.6 +0.7 +0.5 +0.5 +0.2 +0.5 40.6 +0.6 +0.9 +1.0 +1.1 +1.1 +1.1 +0.7
P +0.4 +0.6 +0.5 +0.4 +0.4 +0.4 +0.2 +0.5 +0.4 +0.4 +0.7 4+0.7 +0.6 +0.6 +0.7 +0.5
CK +0.8 +1.1 +0.9 +0.8 +0.6 +0.5 +0.4 +0.6 +0.6 +0.8 +1.0 +1.1 +1.2 +1.2 +1.5 +0.9
E NP 29.2 30.2 28.6 26.9 26.5 23.6 22.1 23.8 25.3 242 27.5 29.9 331 339 385 28.2
N +0.1 +0.3 +0.1 +0.1 +0.2 +0.1 0.0 +0.1 +0.2 +0.2 +0.1 +0.2 +0.4 +0.4 +0.3 +0.2
P +0.6 +0.9 +0.8 +0.8 +0.9 +0.8 +0.7 +0.8 +0.9 +0.9 +1.4 +1.4 +1.2 +1.1 +1.4 +1.0
CK +1.1 +1.4 +1.4 +1.3 +1.3 +1.0 +0.8 +0.9 +1.1 +1.1 +1.5 +1.6 +1.6 +1.5 +1.8 +1.3

A /MB 65 Xiaoyan6;B BE 229 Shaan229;C RB6;D NR9405;E 9430;F 1 Average; T [[) the same below
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Fig.1 Effect of fertilization on canopy temperature of wheat Fig. 2 Effect of fertilization on chlorophyll content of wheat flag
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Fig. 3 Effect of fertilization on water soluble protein content of Fig. 4 Effect of fertilization on transpiration rate of wheat flag leaf

wheat flag leaf
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Fig. 5 Effect of fertilization on net photosynthetic rate of wheat Fig. 6 Effect of fertilization on effective spike
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Table 2 Relationship of canopy temperature and some agronomic characters
B (cm) STEE A A% (X 104No. /hm?) LY R &
Height Tillering Effective spike Biomass (kg/hm?)  Grain yield (kg/hm?)
i . . Y=-8.0282+294.76 Y=—1.1103z+35.227 Y=—48.356z+1757. 1 Y=—2625. 52484491 =—1016. 22+ 33548
Formula of relationship
r —0.712 —0.851 —0.999 —0.981 —0.981
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Fig. 7 Effect of fertilization on Biomass Fig. 8 Effect of fertilization on grain yield
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