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Synergistic effect of combined application of nitrogen and zinc on construction
of good morphology and high physiological activities of wheat root
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Abstract: [ Objectives ] Both nitrogen and zinc are essential nutrients for the growth, yield and quality of crops.
We studied the root morphology and physiological characteristics of wheat under combined application of
nitrogen and zinc, to deeply understand the mechanism of the yield and quality effects of N and Zn application.

[ Methods ] Field experiments were conducted in the farm of Henan University of Science and Technology from
2016 to 2018, using wheat cultivar of ‘Luomai 28’ as tested materials. A complete design of 2 factors and three
levels was used. The three N levels were N 120, 180 and 240 kg/hm’® (expressed as N120, N180, N240), and those
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for Zn (ZnSO, 7H,0) were 0, 20 and 40 kg/hm’ in turn (expressed as Zn0, Zn20, Zn40). At the stages of jointing,
booting, filling and maturity, soil pillars of 20 cm x 20 cm % 40 cm were dug up, and the roots inside were washed
out for measurement of root dry weight, root length, root surface area, N metabolism related enzyme activities,
and Zn and N contents. At maturity, yield and its components were investigated. [ Results ] In the same N
application level, the root dry weight, the root length, the root surface area, and the activities of nitrate reductase,
glutamine synthetase, indoleacetic acid oxidase and the concentrations of N and Zn at main growth stages were all
highest under Zn application level of 20 kg/hm’, while ribonuclease activity was the lowest. In the same Zn
application level, the root length, the root surface area, and the activities of nitrate reductase, glutamine synthetase,
indoleacetic acid oxidase and the concentrations of N and Zn at main growth stages were all highest under the N
application level of 180 kg/hm’, while ribonuclease activity was the lowest. N and Zn had significant synergistic
effect on yield, root dry weight, root length, root surface area, nitrate reductase activity, glutamine synthetase
activity, indoleacetic acid oxidase activity, N content and Zn content. In the treatment of middle N and Zn
combination, the number of panicle per hectare, grains per panicle and 1000-grain weight of wheat were the
highest, and the yield increased by 3.5%-53.4% (2016-2017), 5.3%-54.5% (2017-2018). The grain yield was
positively correlated with the root dry weight, the root length, the root surface area, and the activities of nitrate
reductase, glutamine synthetase, indoleacetic acid oxidase and the concentrations of N and Zn. And the grain
yield was negatively correlated with the activity of ribonuclease. [ Conclusions ] N and Zn fertilizers
significantly affect wheat root dry weight, root length, root surface area, nitrate reductase activity, glutamine
synthetase activity, indoleacetate oxidase activity, ribonuclease activity, N and Zn contents. Appropriate levels of
N and Zn fertilizer have synergistic effect in promoting the establishment of good root morphology, regulating the
physiological activity of roots and the absorption of N and Zn nutrients, thus beneficial to the formation of high
yield of wheat.The comprehensive analysis shows that the N180Zn20 treatment is the best combination under the
experimental conditions.

Key words: wheat; nitrogen; zinc; root morphology; enzyme activity; yield
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Table 1 Yield and main root traits of wheat under different nitrogen and zinc combined treatments
- b s T i3S HRFEH N&E ZnfE
jejfr Trf;tfent Yield RDW RIj RSA. ne/(e-h)] [;LmoGl/?g'h)] [:;g;(})l)] Izg;gs; N content Zn content
(kg/hm?) (g/hill) (m/hill)  (cm?/hill) (g/kg) (mg/kg)
2016—2017 N120 4963.8 ¢ 3.16¢ 304c¢ 512.0c 4.14 ¢ 72.8 ¢ 12563 b 0.80 a 18.4 ¢ 329¢
N180 6692.5 a 4.09b 42.0a 788.5a 6.15a 1159a 1768.5 a 043¢ 244 a 589a
N240 6543.8b 5.02a 39.3b 725.1b 595b 107.4 b 1739.6 a 0.66 b 22.7b 49.1b
Zn0 5794.5b 38lc 319¢ 5775¢ 4.63 ¢ 88.9¢c 1461.6 ¢ 0.69 a 202 ¢ 335¢
Zn20 6249.4 a 433 a 40.7 a 774.7 a 624 a 1093 a 1703.7 a 0.56 ¢ 233a 569 a
Zn40 6156.1a 4.13b 39.0b 673.5b 537b 979b 1599.1b 0.64b 220b 50.5b
2017—2018 N120 49713 ¢ 323¢ 30.5¢ 508.0 ¢ 4.14c¢ 73.8 ¢ 1256.8 ¢ 0.79 a 183 ¢ 324¢
N180 6773.1a 4.10b 419a 7839 a 6.18a 116.7 a 1768.6 a 042¢ 244 a 583a
N240 6521.2b 5.0la 39.3b 723.7b 595b 108.0b 1735.0b 0.66 b 22.7b 48.7b
Zn0 5797.6 b 3.84c 319¢ 573.6¢ 4.64 ¢ 89.6 ¢ 1464.1 c 0.67 a 199¢ 33.0c
Zn20 6282.4 a 436a 40.8 a 770.1 a 6.25a 110.1a 1701.1a 0.54 ¢ 233a 563 a
Zn40 6185.6a 4.14b 39.0b 67190 538b 98.9b 1595.2b 0.65b 2220 50.0b
F 22434 Variance analysis
EIE Year (Y) NS NS NS NS NS NS NS NS NS NS
N 655.8"  307.9™ 149.3* 1409.0™ 872.9™ 780.0™ 1699.9" 324.5™ 174.8" 286.2™
Zn 440" 794" 93.5™ 674.8"  484.0™ 162.0™ 301.2" 432 50.7 257.3"
Y xN NS NS NS NS NS NS NS NS NS NS
Y xZn NS NS NS NS NS NS NS NS NS NS
N x Zn 1.1 5.2" 45.5™ 124.8™ 58.8™ 17.9™ 10.2" 4.7 4.8 6.2"
Y XN x Zn NS NS NS NS NS NS NS NS NS NS

i (Note) : BRF=mAMNLARFEARI N Z2 NN E The data were determined at booting stage expect for yield; RDW—Root dry weight; RL—
Root length; RSA—HR LT Root surface area; NR —AH RIS 5 il 1% M Nitrate reductase activity; GS—A 2 BEIE A BUEHE 4 Glutamine
synthetase activity; IAAO—M[Wk 2,2 E (L BEE I TAA oxidase activity; RNase—#% i #% FREF G I Ribonuclease activity. NS—AS .3 Not
significant; **—P < 0.01. hill—20 cm (&) x 20 cm (5&) x 40 cm (%) 1k Soil sample volume of 20 cm (length) x 20 cm (width) x 40 ¢cm (depth).
[RIFNEH 5 A Rl FB: R R Ab PR 22 57 3 (P < 0.05) Values followed by different letters in a column mean significant difference among

treatments (P < 0.05).
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20.1%~52.9% (2016—2017), 22.8%~75.0%.
19.7%~52.2% (2017—2018), 7 [7l— i 5¥ & 51
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Table 2 Root dry weight of wheat under different nitrogen and zinc combined treatments
2016—2017 2017—2018
Qb3

Treatment | P R W ) i R W )

Jointing Booting Filling Maturity Jointing Booting Filling Maturity
N120Zn0 222e 296 f 3.04 ef 2.39f 220e 3.04¢g 298¢ 2.39e
N120Zn20 237e 342e 323e 2.68¢ 2.28¢ 346f 328f 2.61d
N120Zn40 2.35e 3.11f 292 f 2.50 ef 240e¢ 3.18¢g 298¢ 2.48 de
N180Zn0 3.00d 4.03d 4.03d 3.35d 2.96d 4.03¢ 4.09¢ 340 ¢
N180Zn20 379a 5.07 ab 478 a 3.76 ab 383a 5.09b 474 b 3.84 ab
N180Zn40 324c¢ 442¢ 431c¢ 3.60 be 3.19be 4.53d 4.36 cd 3.63b
N240Zn0 2.99d 4.22 cd 420cd 351 cd 3.08 cd 4.14 ¢ 4.26 de 3.65b
N240Zn20 3.63b 5.16a 495a 3.89a 3.69a 539a 5.07a 3.87a
N240Zn40 332¢ 4.84b 4.55b 3.67 be 333b 4.85¢ 4.60 bc 3.71 ab

7524437 Variance analysis

N sk ok . ok - ok o ok
Zn skek sk sk ek sk sk dk sk
N x Zn ok ok *E NS wx * NS NS

i (Note) : hill—20 cm ($) x 20 cm (%) x 40 cm (IF) 13 Soil sample volume of 20 cm (length) x 20 cm (width) x 40 ¢cm (depth). [FIZ1%L
YE 5 AN R /R AL BRIR] 22 55 3% (P < 0.05) Values followed by different letters mean significant difference among treatments (P < 0.05).

NS—2 F R 3 Not significant; *—P < 0.05; ** —P <0.01.

3 FAHOCHEALIE/NEIRIK (m/hill)

Table 3 Root length of wheat under different nitrogen and zinc combined treatments

2016—2017 2017—2018
bseil

Treatment VI 2 W ey L 7 W ey

Jointing Booting Filling Maturity Jointing Booting Filling Maturity
N120Zn0 24.1g 27.6 f 18.5h 136¢g 242h 278 g 187 ¢ 133f
N120Zn20 35.2d 32.6d 253 f 15.6d 352e 33.1d 25.0¢ 152d
N120Zn40 30.5f 31.0e 233¢g 99h 302 ¢ 30.5¢e 23.1f 98¢
N180Zn0 32.7e¢ 29.0f 26.5¢ 132¢ 324f 28.7f 264d 13.1f
N180Zn20 45.1a 49.7a 375a 262a 452a 50.0a 370a 264a
N180Zn40 40.8b 4730 30.8¢ 150¢ 40.5¢ 47.1b 302¢ 14.6 de
N240Zn0 385¢ 393¢ 27.0¢ 143 f 38.5d 393¢ 27.1d 145¢
N240Zn20 450a 39.8¢ 32.1b 2220 453 a 393¢ 322b 22.0b
N240Zn40 42.0b 389¢ 29.7d 21.1¢ 41.7b 394c¢ 29.7¢ 21.0¢

7524437 Variance analysis

N ok o ok . ok ok ok ok
Zn ke ke ek ek sk ke sk ek
N x Zn ok *x *% *% ok ok ok sk

# (Note) : hill—20 cm () x 20 cm (%) x 40 cm (IX) 1 # Soil sample volume of 20 cm (length) x 20 cm (width) x 40 cm (depth). [ 514X
YE 5 AR AR R AL PR 25 7 .3 (P < 0.05) Values followed by different letters in a column mean significant difference among treatments (P <
0.05). ** —P < 0.01.
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4 REEECHEIENERFZER (cm’/hill)

Table 4 Root surface area of wheat under different nitrogen and zinc combined treatments

2016—2017 2017—2018
Qb3

Treament B T T e e S e A

Jointing Booting Filling Maturity Jointing Booting Filling Maturity
N120Zn0 4269 ¢ 4859¢ 2724 ¢ 1639 ¢ 424.11 482.7h 272.1h 1559h
N120Zn20 528.0 f 536.4 ef 410.0 e 216.2¢ 5210g 5304 f 404.6 f 210.5f
N120Zn40 512.7f 513.5fg 3714 f 191.7 f 507.6 h 5108 g 3648 g 189.8 g
N180Zn0 5385 f 695.5d 453.3d 230.1 de 536.0 f 690.0d 4483 d 2258¢
N180Zn20 946.1b 916.6 a 609.9 a 4158 a 937.8b 910.6 a 608.4 a 413.6a
N180Zn40 823.4d 753.5¢ 572.8b 364.5b 815.7d 751.1¢ 569.3b 360.3 b
N240Zn0 7143 e 551.0e 439.8 de 247.6 cd 7124 ¢ 548.0¢ 433.6¢ 242.1d
N240Zn20 999.8 a 871.0b 574.6b 364.7b 999.1a 8693 b 568.4b 361.6b
N240Zn40 900.8 ¢ 7534 ¢ 498.6 ¢ 253.8¢ 896.1 ¢ 753.7 ¢ 496.3 ¢ 250.8 ¢

7524437 Variance analysis

N ok o ok ok ok ok ok
Zn ke ke ek sk ke sk ek
N x Zn ok ok NS ok ok NS .

# (Note) : hill—20 cm () x 20 cm (%) x 40 cm (IX) 1-#k Soil sample volume of 20 cm (length) x 20 cm (width) x 40 cm (depth). [F51%%
YE 5 AR AR R AL PR 25 57 3% (P < 0.05) Values followed by different letters in a column mean significant difference among treatments (P <

0.05). NS—Z= 7 A . 3% Not significant; ** —P < 0.01.
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N180 > N240 > N120; [ii7E Zn40 /KT, ST
ZHERI, MR AR NR IR B 5 it A i 5 s
o AHTRIN, 3 i USRS AT DA A4 AU
PAFION, FEmi & NR G

2 KW, GS IEVEAEZA AR KA . BRIk
WAk, ACFEAE R B HAEXT GS 16 M A5 55 i
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Fig.1 Effects of nitrogen and zinc combined application on NR activity in wheat roots
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Different lowercase letters above the bars mean significant difference among different treatments (P < 0.05).]

=
& 140
%’ 2016—2017
g 120
= a
2 100 H
s a
g 80} EX
® R
S ] b
~ 60 N ,
40 J %
o2 ) ‘
= il i
gﬁ 0 | . K A
= RHEH AR R Rl
P Jointing ~ Booting Filling  Maturity

140
2017—2018
120
a
100 c A
80 | A
60 | <
i )
40 | 9
%
20 .
o LMY, )
RAH AR R el
Jointing ~ Booting Filling Maturity

ON120Zn0 EN120Zn20 B N120Zn40 B N180Zn0 EIN180Zn20 [ON180Zn40 [IN240Zn0 [AN240Zn20 3 N240Zn40

B2 RBFECHEXNERRSEERAS REELRFM
Fig. 2 Effects of nitrogen and zinc combined application on GS activity in wheat roots
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Different lowercase letters above the bars mean significant difference among different treatments (P < 0.05).]
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Fig. 3 Effects of nitrogen and zinc combined application on IAAO activity in wheat roots
[[# (Note) : ¥ FAF/NG FREFR/R AP 25 57 1 3 (P < 0.05)

Different lowercase letters above the bars mean significant difference among different treatments (P < 0.05).]
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Table 5 Nitrogen content in wheat roots under different nitrogen and zinc combined treatments

2016—2017 2017—2018
Qb3

Treament B T T e e S e A

Jointing Booting Filling Maturity Jointing Booting Filling Maturity
N120Zn0 1345 f 16.00 f 11.37f 8.60 h 13.14 g 15.66 g 10.89 h 8.19¢g
N120Zn20 1495 ¢ 1981 e 13.16 ¢ 997¢g 14.85f 19.61 f 1342¢g 10.16 ¢
N120Zn40 14.50 e 19.25¢ 12.80 ¢ 8.58 h 14.50 f 19.48 f 1290 g 8.88 f
N180Zn0 19.23 cd 22.49 cd 16.46 cd 12.05d 18.96 d 22.15¢ 16.09 ¢ 11.43d
N180Zn20 21.17 a 26.55a 20.20 a 14.60 a 21.28 a 26.75 a 2046 a 14.66 a
N180Zn40 19.67 be 24.27b 17.83 b 12.80 ¢ 19.68 be 24.18b 1793 ¢ 1290 ¢
N240Zn0 18.77d 21.98d 15.70d 11.11f 18.39 ¢ 21.79 ¢ 15.06 f 10.62 ¢
N240Zn20 20.10b 23.50 be 18.52b 13.82b 20.19b 2346 ¢ 18.74 b 14.00 b
N240Zn40 19.33 ¢ 22.64 cd 17.01 ¢ 11.66 ¢ 1947 ¢ 22.87d 17.16d 11.78d

7524437 Variance analysis

N ok o ok ok ok ok ok
Zn ke ke ek sk ke sk ek
N x Zn NS NS * NS ok * NS

# (Note) . [RIFEHE G AR FHER RS BEA] 22 5% .3 (P < 0.05) Values followed by different small letters in a column mean significant
difference among treatments (P < 0.05). NS—2= 548 i3 No significant difference; *—P < 0.05; ** —P < 0.01.

N120 F1 N240 /KF T Bt 47 AL, Aok 450R T4 5 5
FHEAENE, A5 AEE. N180 K- T ECHFEE
TR EIORN 7 T 0 25 TR AU . MR SRR
PR TR R R . REORLEOR ToRLEEAE N 180 /K F &
o SHABAN AL, N180Zn20 AbBE T /N B [Hi
PR, BORBCR TR E Y O e, PR R
R, PRGN 3.5%~53.4% (2016—2017) .
5.3%~54.5% (2017—2018).
27 AEIREARAMK S FEWEX T
8 A, /NERRIEEL LA B 5™
HZEAE—EMHLER, MERTE, B,
MR IR L R 300 T i 0 M L A Sk e A A i
P B RREALER L A B R SRR
(B A7 7E 2 3 (P < 0.05) Bifl % (P <0.01) IEAHICE
R, WAL TR W TS S e e 2 A A A R G
Fo XRUVNE FEAEFHMAILE LAMERS
PR Z KR EY],

3 g
31 FSHECHERT N EAR BT AR SN

AR EA M TR SR, ek
P B . MR AL 255 R 0 1 e ORI DD AR

K, FETAT ARERIIR RIE S FREAT & v R AEAR B
bR, —BERZ/NERRIIFTRL . AHFEERY,
RAERIFREMR R R AE RAE S LT, BHAFK
PRy, R MR R B AR LT
AILE LR RN, PRFA M T I ERAR
F, mASM TR AL AL Z T A&
o FOEEMRLEAFTRRMEERK, KIY
BRI BRI E N, WEE R T, 3
Tl i M RE AR 2 /)N 22 AR 2R Ml v Ml A A
TAESFECIFFERY], BOEAHAL, Z&/NEMRTE ., AR
Koo RARBL 0 ARB (AT LU e AR A= R R
o) MRIE BEI I . AERE K], s
JELJE AR AN R R S, P AL B R T
PR, SRR T UL AR 4 S A AR P
PR M S IR ALY, 2 TAA 1Y)
BRI, TAA MR AR R R AR AR 5 F A 3
FEAER . i BLIS B T DLk AR R )
FRAGEMA R, Nie ZEPIWFFE R M, U B RCHE AT
DA o 3 AR B L AR RE FIAR 3R T BRUOR 12 BEAR R
KH . AREEIREY], SHRERNLH L, R
AL B R TR ARORR R AR,
TRAILZS o RO 8 i A AR P PR 45 B i3
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*6 REELENERRESE (mg/kg)

Table 6 Zinc content in wheat roots under different nitrogen and zinc combined treatments

2016—2017 2017—2018
Qb3

Treatment P 2 ) ey oA 2 ) ey

Jointing Booting Filling Maturity Jointing Booting Filling Maturity
N120Zn0 2547h 2173 g 18.94 h 18.88 g 2476 h 2149h 18.72 h 18.71h
N120Zn20 4237 f 4093 ¢ 3544 f 31.28¢ 41.06 f 40.39 ¢ 3472 f 31.54f
N120Zn40 3933 ¢g 3599 f 3095 g 29.17 f 3854 ¢g 3541 g 30.56 g 28.44 ¢
N180Zn0 46.17 ¢ 40.76 ¢ 38.07¢ 36.07d 4598 ¢ 40.14 ¢ 37.25¢ 35.79 ¢
N180Zn20 7941 a 70.63 a 63.05a 50.00 a 78.48 a 70.33 a 62.82a 49.78 a
N180Zn40 69.16 b 65.37b 60.09 b 48.78 a 68.95b 64.38b 59.97b 48.18 b
N240Zn0 4327 f 38.03 ef 3542 f 32.00e 4213 f 37.38 f 3452 f 3142 f
N240Zn20 65.45¢ 59.00 ¢ 56.94 ¢ 4540b 64.51 ¢ 5823 ¢ 56.25¢ 4531 ¢
N240Zn40 61.28d 50.14d 47.04d 3823 ¢ 60.11d 50.36d 46.65d 37.73d

7524437 Variance analysis

N ok ok o ok . ok ok ok
Zn ek sk ke sk sk sk ke sk
N x Zn Hk NS * NS HE * * NS

# (Note) . [RIFNEHE G AR FHE RN BRA] 22 5% 8.3 (P < 0.05) Values followed by different small letters in a column mean significant
difference among treatments (P < 0.05). NS—2= 548 i3 No significant difference; *—P < 0.05; ** —P < 0.01.

®7 AREELENZTERTEMBER

Table 7 Wheat yield and yield components under different nitrogen and zinc combined treatments

2016—2017 2017—2018
AbsH HEL FEREEL TR H s T FERIEL TR H s
Treatment  pypjcles Grains per  1000-grain weight Yield Panicles Grains per  1000-grain weight Yield
(% 10¥hm?) panicle (2) (kg/hm?) (% 10¥hm?) panicle (2) (kg/hm?)
N120Zn0 427.2d 25.60d 420e 4564.20 g 4303 ¢ 2520 f 42.0e 4601.66 g
N120Zn20 427.2d 27.26d 42.9 de 4977.85 f 432.5 de 26.50 ef 43.0 de 4990.50 f
N120Zn40 448.0b 27.53d 43.6 cde 534930 ¢ 440.1 de 27.10e 439d 5321.71e
N180Zn0 443.2 be 30.57 ¢ 44.5 bede 6454.55 cd 450.7 cd 31.60d 44.6 cd 6490.44 d
N180Zn20 480.0 a 3520 a 472 a 7002.15 a 481.4 a 36.00 a 475a 7108.68 a
N180Zn40 448.0b 33.75 ab 46.2 ab 6620.65 be 460.0 be 33.70 be 46.9 ab 6720.12 be
N240Zn0 468.8 a 31.60 be 44.7 abed 6364.90 d 470.0 ab 32.33 cd 44.7 cd 6300.70 d
N240Zn20 480.0 a 34.17 ab 45.9 abe 6768.15b 4793 a 34.78 ab 45.6 bc 6748.02 b
N240Zn40 432.0 cd 33.50 abc 46.0 abc 6498.35 cd 468.9 abc 32.94 cd 46.1 abc 6514.90 cd
7524437 Variance analysis
N sk ok ok ok ok ok sk sk
N X Zn ** NS NS *k NS NS NS **

# (Note) . [RIFNEHE G AR FHE RN BRA] 22 5% 8.3 (P < 0.05) Values followed by different small letters in a column mean significant
difference among treatments (P < 0.05). NS—2£ 5% A8 2 3 No significant difference; ** —P < 0.01.
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Table 8 Correlation analysis of root morphological and physiological indexes and yield of wheat at different growth stages

2016—2017 2017—2018
LEEN I
Root characteristics L] 2R TSI B LR 2R TESR I AR
Jointing Booting Filling Maturity Jointing Booting Filling Maturity
HRFH Root dry weight 0.90™ 0.86™ 0.87" 0.92™ 0.90™ 0.82™ 0.87" 0.92™
HK: Root length 0.73" 0.57 0.78" 0.38 0.71° 0.57 0.81° 0.41
HRF1E A Root surface area 0.72* 0.74" 0.83" 0.67" 0.72* 0.77" 0.85™ 0.70"
BHRIA ST P NR activity 0.59 0.81" 0.92™ 0.39 0.63 0.81° 0.92* 0.43
BB RS GS activity 0.96™ 0.89" 0.79™ 0.92™ 0.97" 0.90" 0.83" 0.93"
3|k 2 R SAAL BG4 TAAO activity  0.87° 0.93* 0.92™ 0.77° 0.89" 0.94™ 0.927 0.78%
WAL TR % RNase activity -0.68 -0.68" -0.65" -0.59 -0.68" —0.69" —0.68" -0.62
A&t N concent 0.97" 0.89™ 0.93™ 0.83™ 0.98™ 0.90" 0.91™ 0.82
& Zn concent 0.74" 0.67" 0.73" 0.78" 0.78" 0.71" 0.76" 0.79"

i (Note) : *—P <0.05; ** —P <0.01.
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