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Effects of nitrogen fertilizer rate on canopy structure and microclimate
characteristics of drip-irrigated winter wheat in Xinjiang

LEI Junjie"?*, ZHANG Yonggiang®®, CHEN Xingwu®®, SAILIHAN Sai'??,
XUE Lihua®?®, FAN Guigiang?, WANG Zhimin'"
(1. College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China;
2. Research Institute of Grain Crops, Xinjiang Academy of Agricultural Science, Urumai 830091, China;
3. Key Laboratory of Desert-Oasis Crop Physiology, Ecology and Cultivation, Ministry of Agriculture, Urumgi 830091, China)

Abstract Experiment was carried out to investigate effects of nitrogen fertilizer rate on canopy structure and dynamics
of light and temperature within crop canopy of drip-irrigated winter wheat from 2013 to 2015 in Xinjiang. Six rates of
nitrogen application,i.e.0 (N;).94.5 (N;),180 (N;),240 (N;),300 (N,) and 360 kg/hm? (Ns) , were arranged in a
randomized block experimental design. Stem morphological characters, the vertical distribution of leaf, canopy
temperature variation,and light transmittance during wheat flowering stage were measured in different treatments. The
results showed that,compared to N, , nitrogen fertilizer increased the leaf length and width of winter wheat, especially for
total leaf area. With the increase in nitrogen fertilizer rate,leaf area index in different canopy height, the internode length
and the stem diameter increased at first and decreased afterwards. Plant height ranged from 71.83 cm to 85.88 cm in

2014 and 70.56 cm to 85.18 cm in 2015, respectively. The light transmittance of the middle and lower canopy as well
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as canopy temperature decreased at first and increased later. Diurnal variation of canopy temperature in both middle

and lower canopy shown the curve of convex type, the maximum occurred at 1500, the minimum value in N;. In this

study. the highest yield was measured in N; in the two seasons.i.e.8 653.22 kg/hm? in 2014 and 8 415.20 kg/hm? in
2015, which was increased by 68.01% ,32.39% ,17.92% ,5.34% ,10.69% with comparison to Ny ,N; N, , N, and N
in the first season,and by 67.39% ,30.81% ,19.31% ,4.20% ,11.49% in the second season, respectively. The results

indicated that nitrogen application rate of 240 kg/hm?, which had optimum morphology of wheat leaf and plant,

appropriate microclimate of temperature and light within wheat canopy and the highest yield,could be recommended as

the optimum rate for winter wheat production with drip irrigation in Xinjiang.

Keywords drip irrigation; winter wheat; nitrogen fertilizer rate; canopy structure; microclimate
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kg/hm® , B AR AR R B 47 330 K. O 52. 5 kg/hm’,
TEAC/INAE TTAE ] I i 0 AN SR rh 3 45 5 T
YR R W R AU (98 %0) 22, Skg/hm”, 4/ FH )
TH K 8 YK LA 7 ot U R e L 2,



% 10 TN T 2 R X SR U A% N 22 TR R Al A B /N AIE Y R 3
1 BHEMNEIAAEREIERAEAMBERE(4R)
Table 1 Total amount of nitrogen application and topdressing nitrogen application rate in
different growth stages of winter wheat under drip irrigation (Pure nitrogen)
8= e 3B AT B 39 B L A/ 6 240t L
HEAE/ G R/ Topdressing period and fertilizer proportion after winter (kg/hm?)
b (kg/hm”) ker /b Total applied
Trestment  Base (ke/hm) g gy 31 1) ) Yy gy Totlapplic
fertilizers Topdressing Upstanding Jointing Booting Heading Flowering nitrogen
alter winter stage stage stage stage stage amount
Ny 0 0 0 0 0 0 0 0
N, 94.5 0 0 0 0 0 0 94.5
N, 94.5 85.5 0 60 0 40 0 180
N; 94.5 145.5 20 40 20 0 20 240
N, 94.5 205.5 20 40 20 20 0 300
N; 94.5 265.5 20 40 20 0 20 360
x2 ARAHENPHES
Table 2 Amounts of drip irrigation in different stages m’ /hm®
AHTHEOKE FEWEKEE , 5 40 g i
i £ 14 &R g A T T I T TSR
Amounts Amounts ) o ) ) ) ]
Upstanding  Jointing Booting Heading Flowering  Early stage Middle stage
of irrigation of irrigation
stage stage stage stage stage of filling of filling
before winter in spring
900 3 750 375 750 937.5 375 562.5 375 375
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Table 3 Effects of the yield and yield components of winter wheat in different treatment
e
A/ T AL $L L FIHRCR/
, . TR /g v AW/ AR 6 ¥k
Ay Ak 2 (X10"'/hm*) Grains ] ) , (kg/kg)
1 000-grain (kg/hm?*) (kg/hm?) Harvest
Year Treatment Spike per spike ) N partial
) weight Yield Total biomass number
number (grain) factor
productivity
N, 492,23 bA 24.54 eB 42.42 cB 5 150. 30 {E 16 063.11 dC 0.31 eC
Ny 512. 26 abA 28.57 dA 44,44 bcAB 6 536.01 eD 18 901. 83 ¢cB 0.34 dBC 14.66 aA
2014 N. 515. 65 abA 30.43 cA 46.51 abAB 7 338.39 dC 20 255.94 cAB  0.35cB 12.16 bB
N; 531.04 aA 33.80 aA 47.97 aA 8 653.22 aA 21 778.84 aA 0.38 aA 14.60 aA
N, 528.43 aA 33.26 abA 46.53 abAB 8 214.25 bAB 21 345.64 abA  0.37 bB 10. 21 ¢C
Ns 523.89 aA 32.19 bA 46.13 abAB 7 817.60 ¢cBC 20 630.85 bAB 0.36 bB 7.41 dD
No 486. 89 bA 24.30 eB 42.28 cB 5027.24 eE 16 605.13 dC 0.30 dB
N, 508. 21 abA 28.86 dA 43.64 bcAB 6 433.25 dD 19 017.59 cB 0.32 dA 14. 88 aA
2015 2 511.43 abA 30.17 cdA 45.48 abAB 7 053.20 cCD 19 973.72 cAB  0.34 cA 11.26 bB
0153
N; 529. 64 aA 33.42 aA 47.31 aA 8 415.20 aA 22 563.22 aA 0.37 aA 14.12 aA
N, 526.51 aA 32.89 abA 46. 40 aAB 8 075.92 aAB 22 090.49 abA  0.36 aA 10.16 ¢C
N; 520. 45 aA 31. 48 bcA 45.84 abAB 7 547.88 bBC 21 188.61 bAB 0. 35 bcA 7.00 dD

e RN TR 5 R 22 535 %] 0. 01 A1 0. 05 18 3E K, R,

Note: The capital and lowercase letters indicate significant difference at 0. 01 and 0. 05 level,respectively. The same as below.
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Table 5 Leaf configuration of individual plant at anthesis of
winter wheat under drip irrigation in different treatments
‘ R T B A
G b i & =t {3 =t 5] g -
Total leaf
Year Treatment Flag leaf 2™ from flag 3™ from flag 4™ from flag )
area index
N, 1.09 dD 0.89 cC 0.78 cC 0.57 eC 3.34 dE
N, 1.23 ¢C 0.91 ¢C 0. 80 cC 0.61 dC 3.55 cDE
N, 1.26 cC 1.06 bB 0.93 bB 0.65 cB 3.90 bCD
2014
N, 1.50 aA 1.23 aA 1.07 aA 0.80 aA 4.60 aA
N, 1.45 aAB 1.22 aA 1.04 aA 0.75 bA 4.46 aAB
N; 1. 34 bBC 1.07 bB 0.94 bB 0.63 cdB 3.98 bBC
N, 1.22 dD 0.92 dC 0.79 dC 0.62 cC 3.55 dD
N, 1.25 dD 1.05 cB 0.81 dC 0.73 bB 3.83 ¢CD
N; 1.43 cC 1. 09 beB 0.95 cB 0.74 bB 4.21 bBC
2015
N, 1.66 aA 1.25 aA 1.11 aA 0.87 aA 4.89 aA
N, 1.58 bAB 1.24 aA 1.00 bB 0.85 aA 4.66 aAB
N; 1. 44 ¢BC 1.12 bB 0.98 beB 0.75 bB 4,28 bBC
6 AELEFELMNEFERATEARKESHKSHARIEH
Table 6 Internode length and plant height component index at anthesis of
winter wheat under drip irrigation in different treatments cm
TEAS b = il £-95 8] K B Internode length
Year Treatment Plant height Ear length 1, 1, Ty 1, I,
N, 71.83 dC 6.60 bC 21.32 cC 17.43 cC 12.22 cC 9.56 cB 4,70 cC
N, 76.97 cBC 6.70 bBC 23.70 bB 18.82 bABC 12.49 cBC 9.87 cB 5.40 bB
2014 N, 81.60 bAB 6.90 bABC 24.33 bAB 19.07 bABC 13. 84 abA 11. 48 bA 5.97 bA
N, 83.42 aA 7.50 aA 25.58 aA 18. 20 bBC 13.61 bAB 12.24 aA 6.30 aA
N, 85.15 aA 7.40 aA 25.89 aA 19. 37 aAB 13.93 aA 12.27 aA 6.30 aA
N; 85. 88 aA 7.30 aAB 26.08 aA 20.06 aA 14.41 aA 11.72 abA 6.31 aA
N, 70.56 cC 6.70 bA 19. 83 bC 17.49 bB 11.98 cC 9.46 dB 5.10 bB
N, 73.20 cBC 6.90 bA 20. 46 bC 18.20 bB 12.23 cBC 10.11 B 5.30 bB
201 N, 78.72 bAB 7.30 aA 21.29 bBC 19. 47 aA 13.44 bAB  11. 34 bA 5.88 aA
5
N; 81.15 bA 7.40 aA 22.93 aAB 20.43 aA 13.08 bAB 11. 37 bA 5.94 aA
N, 83.08 aA 7.30 aA 23.45 aA 21.02aA 13.49 bA 11.79 aA 6.03 aA
N; 85.18 aA 7.20 aA 23.68 aA 21.55 aA 14.61 aA 12.02 aA 6.12 aA
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Table 7 Characteristics of stem diameter at anthesis of winter
wheat under drip irrigation in different treatments cm
e g e @Jfﬁ?%*ﬁ 8] — A 2000 18] =4y 250K (L REE-iil [EIFIREE-Yiil
Year  Treatment 1% stem 2™ stem 3 stem 4™ stem 5" stem
Diameter diameter diameter diameter diameter
No 0.151 bB 0.154 bB 0.188 bB 0. 148 dC 0.132 cB
N, 0.154 bB 0.159 bAB 0.197 bB 0.159 cB 0.173 bA
2014 N, 0.164 aAB 0.164 aAB 0.209 aAB 0.167 bB 0.183 aA
N, 0.167 aA 0.172 aA 0.218 aA 0.184 aA 0.190 aA
N, 0.165 aA 0.168 aAB 0.214 aAB 0.168 bAB 0.181 aA
N; 0.164 aAB 0.165 aAB 0.210 aAB 0.162 bcB 0.175 bA
No 0.145 bB 0.160 cB 0.185 ¢cB 0.152 dB 0.135 eD
N, 0.148 bAB 0.166 bcAB 0.198 bAB 0.158 ¢dB 0.145 dD
2015 N, 0.158 abAB 0.171 bAB 0.205 aA 0.166 abAB 0.159 ¢C
N; 0.162 aA 0.181 aA 0.213 aA 0.174 aA 0.185 aA
N, 0.159 abAB 0.177 aA 0.209 aA 0.171 aA 0.180 aAB
Ns 0.153 bAB 0.175 aAB 0.208 aA 0.165 bcAB 0.167 bBC
2.4 BEEXZENER AR RTINS AR 2 SEkE R T BN R B R
2.4.1 AERFERERFET BITE N, A PHIA 3 f 5y - Ny AL BRIA B RAL . S N, >

FEJE I R IE AR 2R LAY (1 22 549 B
2 /INAE AN TR B 5 J2 A5 1 o /N 2 5 2 0 RIS DA R R
S35 S A AR O IR AE A . 2R 8 R, 2 4R
5 K 22 B I o il 2 R 1S 0 L T A /N AT A
FER R oW = N [ B S o = 1 s 9 0B
YR IE R, AR R Ny >N, >N, >N; >
N, >N, Hoe 2 h g g E s R0 8 & F 7, X &
LA LSRN = Ll it i 2N G T R T )
WAMET ME AT H R DR R 0E
FRHRER S, &AM ES 20 d &5, 242
FEI ARG, P 2B R IRAE 6.51~9.19 N EH &
R N EECRIIETE 6. 16~8. 33 N E 43R X A]
REJEH TREE £ TR HEDE NN B =T,
5ok J2 0 DA R B AR AIR L, B O R I K,
2.4.2 AEZTEERELTR

R BA 375 5 1) /0N 22 B A 25 i 2 it e 9016 BRG JE
MBS AL O FR B 45 i 2 I R 65 4R HT L #6110 5% e 2
INAERFRL R, B L AT LA AN [ it A o AR
TR N TR B CRMEE MR B IR R T
W oA, & b PRI AR T ot 3k B B ok, Ab 3R], B o i

Ny >N, >N >N >Ny, i — 2050 4 b A [R] i 2 3%
pLeE -y 1 o R G IR L R B B 8 5
oA 25.47% (N, ARF) , 88 Ny N, (N N, FT NG Ab B
AR E T 1.05.2. 45,4, 35.3. 95 F1 3. 42 N E 4
2.5 BEZREEMER
2.5.1 RETABEBD T

/INAE 5k ) s AU R A A IO T LR AR S5 A Y
BN [7) 25 22 328 5 0K BF 4 S 9 5 55, 5 96 )22 08 O %
WYUIAOG, W& H )2 R s SOLAEN
AH G B A0 05 T 2T B B R L A R L IR B Y
HY. HiE 2 a7, KN [R) &b B A /N 22 56 2 v
TR B35 ARy R .
N, >N, >N, >N, >N, >N, , X 5 % 6 K1 728 1L A
L. #E—20 2B a] 0, 2% b B 56 23 25 AU R H R
g B AR T B e 0 B LA ) 2 LA b B
BIFE T 15:00 247 iR B0, DL Ny Ab 3 5, 43
Wk 34,51 F1 32,00 °C .8 FW—J2% Ny N, N, . N,
N, A BB T 1. 67%.2. 13%.6. 91%,
4.72% A 15% F1 2. 24 % 4. 23%.5. 61%.1.59% .
1.27% ,H 5 Ny 4b k5] i 3% 25 7 (P<<0. 05) .,
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Table 8 Canopy distribution of light transmission rate of winter wheat

under drip irrigation in different treatments

#6% /% Light transmission rate

=374 b B
. 2P R iR 165 10 d )5 20 d
Canopy layer Treatment
Booting Anthesis 10 d after anthesis 20 d after anthesis
N, 21.16 aA 23.41 aA 24.61 abA 30. 35 aA
N, 20. 83 aA 23.04 aAB 24.91 aA 28.75 bAB
N, 18.75 bB 22.53 aAB 23.48 bAB 25.47 deC
2 N, 16.02 cC 20. 22 cC 22.14 cB 24. 81 eC
Middle layer N, 18.75 bB 21.02 cBC 22.89 cB 25.26 deC
N; 18.77 bB 21.27 bBC 23.17 cAB 26. 34 cdBC
#I{E 19.05 bB 21.92 bABC 23.53 bAB 26.83 cBC
Average
No 6.30 aA 7.22 aA 9.58 aA 14.52 aA
N, 5.50 bB 6. 84 bA 8.90 bA 13.83 aA
N, 4,32 eD 5.75 cB 7.76 cB 12.50 bB
T2 N; 3.89 fE 4,38 D 6.43 ec 10. 05 {D
Lower layer N, 4.50 deC 4. 84 eCD 6.47 ec 10. 99 eCD
N; 4.60 dC 5.26 dBC 7.37 dB 11. 85 ¢BC
B 4,85 cC 5.72 cB 7.75 cB 12.29 beB
Average
HE|- Flag leal
E 8 2nd from flag
é
=
b}
g {8 =01 3rd from fag
{# P 4ih from Mag
0 10 20 30 20 50 60 70

Fig. 1

B 1

A% Light transmission rale
BN, i 5 40 kg/hm?® 0 kg/hm? Nitrogen application
=] N2 it S 4t 180 kgfhm! 180 kg/hm? Nitrogen application
BN, i 7411240 kg/hm® 240 kg/hm? Nitrogen application
BN, i 7 4300 kg/hm? 300 kg/hm? Nitrogen application
BN_ il % 111360 kg/hm? 360 kg/hm? Nitrogen application

TRLAEBELNEFEABEELESH

Canopy distribution of light transmission rate at anthesis of

winter

wheat under drip irrigation in different treatments

i
BN, ifi 4 1194.5 kg/hm® 94.5 kg/hm?* Nitrogen application
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Fig. 2 The canopy temperature changes upside(a) and lower(b)at anthesis of

winter wheat under drip irrigation in different treatments

2.5.2 BEREB i KR E TR

F 1 3 AT, B A A BRI 25 Ak B A /N 22 i
JE R[] A7 it R R T AR U S ) P v
R U B R IR EEAE 5. 9~9. 8 °C, N, b PRI H
B R RIS R 9.8 °C N, Ab B R R I B 5 /N Hy
5.9 CLaX Al B M T N, Ab FHAY B & L 45 0 2 0 i
TG B 1=« e J2 B P R B K S BOK B R S 7E %5
W 28R A R B i B 3 — 25 3 i A B TA] ] —

I 22 It JEE 2 A T R Bt 4 0 o i i

JER SRR AR TE N, A3 . 78 N,
b PR . 6F FE AT L A /N e TR AN (R 7 i R
JEE 7 A 35 5 5 A5 A 38 DG R AR AL FW) 4 L Ul
B 2% 22 A B4 Ol M B 88 1 532 ey 2% R 90t 2 )
SR DR T L o it S A 4 A A A i = i

T AR A A [ I 2 2R A Y Ol IR 9 R R AH I Y
.
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B N, % 1194.5 kg/hm? 94.5 kg/hm? Nitrogen application
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B N, il % 11240 keg/hm? 240 kg/hm? Nitrogen application
B N, i % 11300 kg/hm? 300 kg/hm? Nitrogen application
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B3 ARLEFELNEFEHRRAHERETR

Fig.3 The temperature changes of different leaf layers at anthesis of

winter wheat under drip irrigation in different treatments
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BE— L IRAWIE . Z5 G 7 Hr Ik il U T LI
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