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Effects of Water-Retaining Agents on Photosynthetic Performance, Yield and
Water Use Efficiency of Reduced-Irrigation Spring Wheat in Xinjiang
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Abstract:In order to solve the problem of poor photosynthetic performance and low water use efficien-
cy caused by uneven spatial and temporal distribution of water resources in irrigated agricultural areas
of Xinjiang, the main spring wheat variety Xinchun 44 in northern Xinjiang was used as the material in
this study. Under the condition of reducing irrigation by 20% , a two-factor randomized block design
was used to set up four types of water-retaining agents: granular polymer water-absorbing polymer
(SAP), potassium polyacrylate drought-resistant water-retaining agent, sodium polyacrylate drought-
resistant water-retaining agent and powdered SAP and three dosage levels(D1: 30 kg * hm™?; D2: 45

kg * hm%; D3: 60 kg * hm?), with no water-retaining agent as control(CK), the effects of water-
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retaining agent on photosynthetic performance, yield and water use efficiency of spring wheat were
studied. The results showed that compared with CK, the water-retaining agent treatment improved
the photosynthetic characteristics of spring wheat at flowering and filling stages, improved the poten-
tial light energy conversion efficiency of PSII reaction center in flag leaves and the overall functional
activity of electron transport chain, and enhanced the light energy capture and transfer efficiency of
plants. The grain yield(5. 36 % —28. 90%) and water use efficiency of spring wheat were increased.
Under the same application amount, there was no significant difference in photosynthetic characteris-
tics, comprehensive performance indexs and yield of spring wheat between sodium polyacrylate
drought-resistant water-retaining agent and powdered SAP treatment, but it was 5. 47 %—26. 75%,
30.76%—51.80% and 11. 39%—20. 60% higher than granular SAP treatment. The water use effi-
ciency of sodium polyacrylate drought-resistant water-retaining agent and powdered SAP was signifi-
cantly higher than that of potassium polyacrylate drought-resistant water-retaining agent and granular
SAP. Under the same type of water-retaining agent treatment, the photosynthetic characteristics,
fluorescence parameters, yield and water use efficiency of spring wheat basically showed D3>D2>
D1, and the yield showed that D2 and D3 significantly increased by 1. 02 % —3. 60% and 2. 66 % —
9.21% compared with D1, and the water use efficiency showed that D2 and D3 significantly in-
creased by 1. 16 % —6. 66 % and 2. 12%—8. 00% compared with DI1. Under the conditions of this
experiment, the photosynthetic characteristics, yield and water use efficiency of spring wheat in Xin-
jlang were the highest under the management mode of sodium polyacrylate water retaining agent and
60 kg » hm %, it is the best management mode to achieve high yield and high water use efficiency of
reduced irrigation wheat in Xinjiang.

Keywords: Water-retaining Agent; Reduced irrigation; Spring wheat; Photosynthetic performance;

Water use efficiency
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Fig. 1 Daily precipitation and temperature during the growth period of spring wheat
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Table 1

Photosynthetic indicators of spring wheat flag leaf at flowering and filling stages under different treatments

Ee=ling:i] b7 P,/(pmol*m™?% +s™ 1)

Growth

G¢/(molem 2+s 1)

stage | reatment Bl B2 B3 B4 B B2 B3 B4
CK 11.54b 11.54b 11. 54c¢ 11.54¢ 122. 6a 122. 6a 122. 6¢ 122. 6b
D1 12.90abB  13.8labAB 14.48bA 14. 67bA 124. 4aA 131. 0aA 134. 2bcA 141. 6aA
D2 13.47aB  14.38aB 16.70aA  16.67aA 130.4aA  134.0aA  144.8abA  147.8aA
T2 D3 14.17aB  14.53aB 17.96aA 15.05aAB  132.8aB  138.2aB 157. 2aA 159. 4aA
Fliﬁ;r;“g I Mean  13.02B 13.57B 15.17A 14. 48A 127.6B 131.5AB  139.7A 142. 9A
B * ns
D * *
BXD * ns
"""""""""""" CK  13.28a  13.28a  13.28b  13.28a 1244 120.da  l24.db  12ida
D1 13.52aA  13.84aA  14.26abA  14.58aA 130.4aA  132.8aA  134.4abA  141.6aA
D2 13.58aB  14.20aAB  15.64aA  14.76aAB  131.0aA  134.2aA  157.8aA  144.8aA
MR D3 13.86aB  14.28aAB  15.84aA  14.88aAB  134.0aA  138.2aA  147.8abA  147.0aA
i‘ﬁl‘;f ¥ Mean  13.56B 13.90AB  14.76A 14.38AB  129.9A 132.4A 141. 1A 139. 5A
B * ns
D * *
BXD ns ns

BL~ B PROK I B 5 17 A7 B I A 7] R 5 B 75 A [ kR AS ) 28 20 £ K G0 b B 22 578 0. 05 UK 35, 1A 9 B8l ) AN TRl /b
B e R AR ) AR K ) 28 80 R AS ) At AL B i) 22 S AE 0. 05 K .35, ns: 2R AR E; x . P<<0.05, N,

B1—B4: Types of water-retaining agents; Different capital letters after the data in the same row indicate that significant differences

tween treatments with different water-retaining agent types under the same dosage at 0. 05 level, and different lowercase letters after the

data in the same column indicate that significant differences tween treatments with different dosages under the same water-holding agent

type at 0. 05 level. ns: no significant difference; * . P<C0.05. The same in table 2—table 4.
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Table 2 Rapid chlorophyll fluorescence kinetic parameters of flag leaves at flowering and filling

stages of spring wheat under different treatments

FFAEW Flowering stage

IR Filling stage

EiEL 7 pi:)
Index  Treatment Bl B2 B3 B4 Bl B2 B3 B4
F./F. CK 0.831 5a 0.831 5a 0. 831 5b 0.831 5a 0.801 4b 0.801 4b 0.801 4b 0.801 4b
D1 0.842 7aA  0.842 8aA  0.844 3abA 0. 846 0aA 0. 808 8abB 0. 814 4abABO0. 823 6aA 0. 826 1laA
D2 0.842 8aA 0.844 0aA  0.845 2abA 0.844 8aA  0.812 8abA 0.822 7aA  0.827 2aA  0.826 5aA
D3 0.843 0aA  0.843 7aA  0.847 3aA  0.845 8aA  0.820 8aA 0.821 0aA  0.831 3aA  0.828 0aA
YJ{i Mean 0. 840 0A 0.840 5A 0.842 1A 0.842 0A 0.811 0B 0.814 9AB  0.820 9A 0.820 5A
B ns *
D % *
BXD ns ns
v, CK 0.616 9a  0.616 9a  0.616 9b  0.616 9a  0.548 3a  0.548 32 0.548 3b  0.548 3b
D1 0.619 2aA  0.640 5aA  0.652 8abA 0 .660 0aA 0.568 6aA 0.578 2aA  0.616 8abA 0.614 2abA
D2 0.646 8aA 0.654 8aA  0.657 6abA 0.657 6aA 0.569 7aA  0.614 7aA  0.629 3aA  0.627 3aA
D3 0.652 8aA  0.656 2aA  0.662 4aA  0.655 4aA  0.580 5aA  0.613 0aA  0.639 9aA  0.633 3aA
{5 Mean 0.633 9A 0.642 1A 0.647 4A 0.647 5A 0.566 8B 0.588 5AB 0.608 6A 0. 605 8A
B ns ns
D * *
BXD ns ns
oy, K 0.330 8a  0.3308a  0.3308a  0.3308a  0.2280b  0.2280a  0.2280b  0.228 0b
D1 0.332 9aA  0.334 8aA  0.345 8aA  0.354 3aA 0.245 0abA 0. 244 7aA  0.253 4abA 0. 296 7aA
D2 0.340 1aA  0.345 2aA  0.352 9aA  0.353 9aA 0.258 7abA 0. 254 3aA  0.275 0abA 0. 301 8aA
D3 0.345 1laA  0.347 5aA  0.354 4aA  0.351 2aA  0.286 laA 0.287 5aA  0.300 laA  0.311 9aA
YJ{ Mean 0.337 2A 0.339 5A 0.346 0A 0.347 6A 0.254 5B 0.253 6B 0.264 1AB  0.284 6A
B ns ns
D * ns
BXD ns ns
""" pl,.  CK 14452  14.45b  14.45b  14.45b  6.91b  6.9lc  6.9lc  6.91b
D1 15.53aA 16. 00abA 16.47abA 17.05aA 8. 12abC 9. 20bBC 10.93bAB  11.61aA
D2 15.76aB 16. 16abAB 17. 23aAB 18. 04aA 8. 63abC 10. 65abB 12.45abAB 13. 14aA
D3 16. 15aA 16. 79aA 18.32aA 17.02aA 9.33aB 11.55aA 13. 15aA 12. 28aA
#{H Mean 15.47B 15. 85AB 16.62A 16. 64A 8.25C 9.58B 10. 86 A 10. 98A
B ns ns
D * *
BXD ns ns
P CK 15.37a 15.37b  15.37¢ 15.37b  3.01b  3.01b 3.0lc  3.0lb
D1 16. 20aB 16. 89abB 18. 18bcA 20. 33aA 4. 61abC 5.96aBC 7.22bB 7.75aA
D2 16. 33aB 18.02abAB  20. 16bA 21.30aA 5.96aB 6.82aB 8.96bA 9.91aA
D3 17.52aB 18. 68aB 22.97aA 20. 95aA 6. 44aC 7.25aBC 9.98aA 9.61aB
¥ Mean  16.35B 17.24B 19.17A 18.99A 5.00B 5.76B 7.29A 7.57A
B * *
D * *
BXD ns *
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Fig. 2 Light energy absorption, capture, transfer and number of reaction centers per unit in spring wheat

flag leaf at flowering and filliing stages under different treatments
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H % 4 AL PRAK R 2SR e Hosg AR
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2

ISIA
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Xf IWUE fil WUE 22 3, 5 CK A/ L. i
17K ) 4k 3 IWUE F1 WUE 43 51 34 i1 5. 36 % ~
28.90 % F1 6. 99% ~30. 68% . AIH = EMT .
D1.D2 43 IWUE #1 WUE #1% Bl B4>B3>
B2>B1, H i B4 5 H il 4b 3 8] 22 5 ¥ & % ; D3
¥R IWUE #1 WUE #3281 B3 . B4 ¥ i 2%
T B1LB2 4b HE, A A fR KGR AL R R
IWUE F1 WUE ¥ [ F 8 7K - 0% 35 i 38 i (B
B4 48>, H IWUE 7 D3 4P F % D1 4 B
EHINT 2.61%~9.16% ., WUE 7 D2.D3
AR R DL SrHl WE R M 1. 16 % ~6.66%
M 2.12%~8.00%.
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Table 3 Effects of different treatments on yield and its components of spring wheat

) AL FURL £
4k ¥ Spike number/(X10* « hm~?) Grain per spike
Treatment
Bl B2 B3 B4 Bl B2 B3 B4
CK 583. 87a 583. 87a 583.87b 583.87b 35.95d 35.95d 35.95¢ 35. 95¢
D1 591. 25aB 580. 85aB 605.67abA  607.56aA 37.13cC 37.76cB 38. 26bA 38. 14bA
D2 579.17aB 591.92aB 621.45aA 610. 15aA 37.89bD 38.44bC 39.51aB 40. 42aA
D3 593.93aB 587.89aB 620. 08aA 610. 77aA 38. 4aB 39. 79aA 39. 73aA 39. 78aA
I Mean 587.05A 586. 13A 607.77B 603.09B 37. 34D 37.99C 38.36B 38.57A
B * *
D ns *
BXD * *
TR i
Thousand-seed weight/g Yield/ (kg « hm™2)
Bl B2 B3 B4 Bl B2 B3 B4
CK 40.07c¢ 40.07c¢ 40.07c¢ 40.07b 5 575.38d 5 575.38d 5 575.38d 5 575.38¢
D1 40. 37bcC 40. 62bBC 40. 94bAB 41. 18aA 5874.01cC  5907.41cC 6 580.35cB 6 697.93bA
D2 40. 8bB 40.75bB 41.61aA 41.55aA 5933.79bD 6 092.42bC 6 817.16bB 7 156. 23aA
D3 41. 31aA 41. 44aA 41. 74aA 41.59aA 6 030.45aD 6 126.97aC 7 186.45aA 7 132.78aB
J{H Mean 40. 64B 40.72B 41.09A 41. 1A 5 853.4D 5 925.55C 6 539.84B 6 640.58A
B * M
D % %
BXD ns *
F4 AEALBETEHNZERAF AREMASF BARE
Table 4 Irrigation water use efficiency and water use efficiency of spring wheat under different treatments
) KR AR Ko R R
Jb 3 Irrigation water use efficiency/(kg « mm~! « hm™?) Water use efficiency/(kg * mm~! « hm~?)
Treatment
Bl B2 B3 B4 Bl B2 B3 B4
CK 14.52¢ 14.52¢ 14.52¢ 14.52¢ 9.68d 9.68¢c 9. 68d 9.68d
D1 15.30bC 15. 38bcC 17.14bB 17. 44bA 10. 36¢C 10. 38bC 11.63cB 11. 86cA
D2 15. 45abC 15.87bC 17.75bB 18. 64aA 10. 48bC 10. 83aC 12.15bB 12. 65aA
D3 15.70aB 15.96aB 18. 71aA 18. 58aA 10. 58aC 10. 77aB 12.56aA 12. 28bA
¥J{H Mean 15.24B 15.43B 17. 03A 17. 29A 10.27B 10. 42B 11.51A 11. 62A
B x M
D * *

BXD x
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