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Differences in grain zinc concentration and its relationship to NPK uptake
and utilization for high-yielding wheat cultivars in dryland

LI Sha-sha', WANG Zhao-hui'**, DIAO Chao-peng', WANG Sen', LIU Lu', HUANG Ning'
( I Key Laboratory of Plant Nutrition and Agri-environment in Northwest China, Ministry of Agriculture/ College of Natural
Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China; 2 State Key Laboratory of
Crop Stress Biology in Arid Areas, Northwest A&F University, Yangling, Shaanxi 712100, China )

Abstract: [ Objectives ] The purpose of this study was to clarify the relationship between grain zinc
concentration and nutrient N, P, K uptake and utilization, providing scientific information for new variety
breeding and nutrient management. [ Methods ] A split field experiment was conducted in the dryland area of the
Loess Plateau from 2013 to 2016. The main factor was no fertilization control and fertilization of N 150 kg/hm’
(urea, N 46%) and P,0,100 kg/hm’ (calcium superphosphate, P,O; 16%), and the sub-factor was the 123 wheat
cultivars, which were collected from the main wheat production areas in China. After harvest, 30 plants were
chosen from the middle two rows of each cultivar, rooted out, and cut at the base joint of shoot and root. The roots
were discarded, and the shoots were divided into stems, leaves, husks (including cobs) and grains, dried naturally
and weighed. The contents of N, P, K and Zn in the samples were analyzed, and the uptake and reallocation of the
nutrients were calculated. [ Results ] Significant differences existed in grain Zn concentration among high-
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yielding wheat cultivars under fertilization treatment, grain Zn concentrations of high-Zn cultivars were 54%
higher than those of low-Zn cultivars. Grain N and P concentrations of high-Zn cultivars were respectively 9%
and 7% higher than those of low-Zn cultivars, no significant difference was observed for grain K concentration.
Fertilization increased grain N concentrations, decreased grain P and K concentrations for two group cultivars. N
and P uptake were higher in high-Zn cultivars, while K uptake was not significantly different from low-Zn
cultivars. The increase of NPK uptake by fertilization in high-Zn cultivars was significantly more than that of low-
Zn cultivars. No significant difference was found in N and P harvest indices between the two groups, while the K
harvest indices of high-Zn cultivars were significantly lower than those of low-Zn cultivars. The decrease of NPK
harvest indices of high-Zn cultivars by fertilization was similar to low-Zn cultivars. [ Conclusions ] Under
sufficient nutrient supply in dryland, high-yielding and high-Zn cultivars had significantly higher grain N and P
concentration, more NP uptake and lower K harvest index than low-Zn cultivars, but no significant difference in
grain K concentrations between two groups of cultivars. This result indicates that breeding new high-yielding
cultivars can increase grain Zn and protein content as well as P concentration of dryland wheat. Considering high

P concentrations may decrease grain Zn bioavailability, fertilization practice should rationally control P use while

increasing N supply to increase grain N, Zn concentrations and Zn bioavailability.

Key words: dryland; wheat; cultivar; high-yielding; zinc; NPK uptake and utilization
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Fig. 1 Grain Zn concentration in the high and low Zn groups of high yielding wheat cultivars from 2014 to 2016
[ (Note) : FFALf= it T L 4R AT A i A i P B A E SOA R R, Her S BRI E T 0z A8 SO B RRR R, 5 HO0 Y E SRR
FEARFR; SOREPERMREEIN 22 5158 5% BEKE; L EARRK, INGERMNFR A | ARPEE EAL 5 X IR ) 22 A R 5% 2
F K, Cultivars with the yields higher than the average of all the tested ones were defined as high-yield cultivars, the cultivars whose grain Zn
concentration was listed on the top ten of the high-yield cultivar group were defined as high-Zn cultivar, and the cultivars whose grain Zn
concentration was listed on the last ten were defined as low-Zn cultivar. * indicates significant difference between the high and low Zn groups at P <
0.05; different uppercase and small letters above the bars indicate significant difference between CK and fertilization for the high and low Zn groups
at P <0.05.]
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1 20142016 E=5HK A NFZRMIFH NPK & £ (g/kg)
Table 1 NPK concentration of wheat cultivars in high and low Zn groups from 2014 to 2016

2014 2015 2016 15 Average
Frigia For Qb

Part Nutrient  Treatment R fiE TR (iR [Eg = IS R fiEE
High Zn Low Zn High Zn Low Zn High Zn Low Zn High Zn Low Zn

FL N NP 24.8 a* 22.4a 21.3 a* 193 a 22.1 a* 208a 22.7 a* 20.8a
Grain CK 224b 213b 15.5b 1400 143b%  13.1b 174b%  161b
P NP 3.2a* 30a 32a 3.1b 2.9 b* 27b 3.1b* 29b

CK 3.3a* 30a 33a 33a 34a 33a 3.3a* 32a

K NP 4.0a 39a 44b 46b 33b 32b 3.9b 39a

CK 4.2 a* 39a 48a 5.0a 39a 38a 43a 42a

FHFF N NP 4.7 a* 40a 69a 6.1a 39a 42a 5.2 a* 47a
Straw CK 3.4b 3.5b 3.0b 2.9b 23b 22b 2.9b 29b
P NP 04a 03a 0.7a 0.6a 03a 03a 04a 04a

CK 03b 02b 04b 04b 03a 03a 03b 03b

K NP 11.7 a* 10.0a 93a 9.1a 9.0a 83a 10.0 a* 9.1a

CK 1022 88a 77b 7.7b 6.1b 58b 80b 75b

T (Note) : *Fnim . RBFALE 2 IR F] 5% BEKF; FIURE/NE FHERR R —FEbriE AL AL H-5 X5 BR ] 22 535 5% %K
* indicates significant differences between the high and low Zn groups at the same year (P < 0.05) . Values followed by different small letters in the
same column indicate significant differences between the NP and CK for the same item at P < 0.05.

F2 20142016 5. K5FHATNERME RIS (kg/hm?)
Table 2 NPK uptake of wheat cultivars in high and low Zn groups from 2014 to 2016

2014 2015 2016 - Average
AL o AbE

Part  Nutient Treatment  FSEF figes i i i i i figes
High Zn Low Zn High Zn Low Zn High Zn Low Zn High Zn Low Zn
L N NP 171.1a 1613a 160.6a*  14l.1a 136.2a 132.7a 155.9a*  1450a
Grain CK 1267b  1419b 73.9b 66.9b 292b 264b 76.6 b 78.4 b
P NP 20a 21.6a 24.0 a* 27a 18.1a 17.2a 21.4 a* 2052
CK 184b 19.9b 153b 153b 69b 6.6b 13.5b 13.9b
K NP 278a 279a 329a 333a 207 a 208a 27.1a 273a
CK 232b 254D 224b 23.0b 8.0b 77b 17.9b 18.7b
o N NP 209.5a 192.1a 2205a*  193.1a 166.1 a 166.0 a 198.7a*  183.7a
Shoot CK 1514 b 167.5b 91.6b 83.9b 37.0b 338b 933b 95.1b
P NP 248a 239a 30.0a 282a 2052 19.6a 25.1 a* 239a
CK 20.5b 21.8b 1740 1740 8.0b 75b 153b 15.6b
K NP 121.2a*  1048a 113.0a 1102 a 89.1a 863 a 107.8a 1004 a
CK 97.1b 89.1b 68.1b 68.4b 282b 275b 64.5b 61.7b

TE (Note) = *FRi ., MRERAI 22535 F] 5% BEKT; RFURR/NG F 2R F S8 b A 250 BR8] 22 5355 5% BE KT
* indicates significant differences between the high and low Zn groups at the same year (P < 0.05) . Values followed by different small letters in the
same column indicate significant differences between the NP and CK for the same item at P < 0.05.
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Table 3 NPK harvest indices of wheat cultivars in high and low Zn groups from 2014 to 2016

2014 2015 2016 44 Average
For ISl
High Zn Low Zn High Zn Low Zn High Zn Low Zn High Zn Low Zn
N NP 82a 84 a 73b 74 b 82a 80 a 79b 79b
CK 84 a 85a 80 a 79 a 79b 78 a 81la 81la
P NP 89 a 90 a 80 b 82b 89 a 88 a 86 b 87b
CK 90 a 91a 87 a 88 a 87a 87 a 88 a 89 a
K NP 24 a* 27 a 29b 31b 24b 25b 26 b* 28 b
CK 25 a* 29a 33a 34a 29a 28 a 29a 3la

I (Note) : *FoRm . MREFALINIESFIAT] 5% REKF; FFIAR/NG FREFRR ] — S8 ha i AL Ab B %) FR ] 22 5238 5% BEKF

* indicates significant differences between the high and low Zn groups at the same year (P < 0.05) . Values followed by different small letters in the

same column indicate significant differences between the NP and CK for the same item at P < 0.05.
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