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Effects of different preceding crops on soil nutrient content
and photosynthetic characteristics of wheat

ZHANG Zhangin'?, ZHANG Li ", TIAN Haiyan', YANG Xiangkun "’
(1. Xinjiang Academy of Agricultural and Reclamation Science, Shihezi, Xinjiang 832000, China;
2. Key Lab of Xinjiang Production and Construction Corps for Cereal Quality Research
and Genetic Improvement, Shihezi, Xinjiang 832000, China)

Abstract; To study the change of soil nutrient content in wheat fields and the effect of crop rotation on gas ex-
change parameters, fluorescence parameters, yield of wheat after crop rotation, 2 crop rotation modes of cotton-cot-
ton-spring wheat (C—C—-W) and spring wheat + resowing feed rape-cotton-spring wheat (W-C—W) with a control
(CK) of the spring wheat + resowing feed rape were set in the main cotton producing areas located at the northern
slope of Tianshan Mountains. The results showed that: (1) The soil organic matter content of W—~C~W mode and
CK increased by 1.61 g/kg and 1.89 ¢ + kg™, respectively. The rotation mode (W-C—W and C-C-W) effectively
slowed down the loss of alkali-hydrolyzable nitrogen and available phosphorus, increased the content of total
nitrogen and total phosphorus, and reduced the soil conductivity by 220.33~278. 67 ps + ecm™'. (2) The net pho-
tosynthetic rate (P,), light energy utilization efficiency (LUE) , water use efficiency (WUE) and irrigation water
use efficiency ( WUE,) of W—C~W mode were increased by 10.51% , 136.49% , 35.88%, and 33.26% compared
with CK during the ripening stage. The C—C—W treatment increased LUE, WUE, WUE, by 15.85%, 3.24%, and
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0.71% compared with CK. (3) Under the rotation mode, the chlorophyll fluorescence characteristic parameters
such as the maximum photochemical quantum yield (¥ /F, ) and the actual photochemical quantum yield
(Y(Il')) of wheat after the middle grain filling period were increased. The proportion of light energy absorbed by
leaves entering photochemistry ( P) and the electron transfer rate were increased after the middle-filling period,
which effectively improved the photosynthesis ability of wheat. (4) The W—-C—W mode had the highest leaf area in-
dex (LAI) and leaf area duration (LAD) in the whole growth period, diffuse non-interceptance ( DIFN) , higher
mean leaf angle (MTA) in the later period, and the highest final dry matter accumulation and yield were 22 564
kg - hm™ and 8 925 kg - hm™, respectively. In conclusion, the rotation of wheat and cotton every other year im-
proved the soil fertility, canopy structure and photosynthetic efficiency of wheat and promoted dry matter accumula-
tion and yield formation. Thus, this rotation mode is worth promoting and spreading.

Keywords: preceding crops; rotation; wheat; soil nutrient content; photosynthetic gas exchange parameters;

chlorophyll fluorescence parameters; yield; quality
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Table 1 Soil nutrient content of different preceding crops treatment

B

RS AR Alkaline. A R 2R X 24
libg:E] b3 Electric Organic . Available Available Total Total Total
. pH .. hydrolysis . . .
Period Treatment conductivity ~ matter nitrogen phosphorus potassium nitrogen  phosphors  potassium
/(psem™)/ (g kg™") J(mg - kg) /(M8 ke™) /(mg-kg™) /(g k') /(g ke™!) /(g kg™h)
CK 8.24 357.33 24.29 83.00 24.19 283.25 0.73 1.26 249
Tﬁﬁ‘iﬁ. C-C-W 8.06 472.83 23.06 78.85 16.12 274.67 0.62 1.15 2.59
After planting
W-C-W 8.07 445.33 22.61 83.00 24.87 391.40 0.71 1.19 243
CK 8.06 316.00 25.89 59.03 17.81 324.45 0.75 1.23 231
AL C-C-W 827 252.50 2292 67.69 14.58 254.07 0.94 1.14 224
Before harvest
W-C-W 829 166.67 24.50 68.47 21.11 302.13 0.88 1.29 242
AR AT CK -018  -41.33 1.61 -23.97 -6.38 41.20 0.02 -0.03 -0.19
=i
JaZeft C-C-W 021  -220.33 -0.14 -11.16 -1.54 -20.60 031 -0.01 -0.35
Changes before harvest
than after planting ~W-C-W 022 -278.67 1.89 -14.53 -3.75 -89.27 0.17 0.10 -0.00
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Photosynthetic gas exchange parameters of wheat of different tillage modes under different preceding crops treatment

Fig.1
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Table 2 F value of two-factor variance analysis of photosynthetic gas exchange parameters under different preceding crops treatment

% p

. ' Cond C; T WUE WUE; L, LUE
Factor
B IE A e . ‘ , ‘
f EEE% 16.08 * * 11.60* * 11.557* " 84.84" " 22.49* " 18.25" ¢ 16.33" " 2.84" "
Modified model
2546.28 6506.41" * 35017.98 11506.32 2571.91 2451.11 3576.87 219.28
Intercept
TFAESF i 1a]
Time after flowering( A) 40.43 4.73 11.38 207.09 59.19 46.90 43.30 7.27
.
i 5.87"" 12.79* " 13.18" " 71.18* " 15.13" 7 0.470 0.547 0.321
Treatment (B)
AXB 6.33" " 13.78* * 1245* " 29.05" " 7.97%* 516" 571" 1.297

£ Note: # , P<0.05; * %, P<0.01. F[f], The same below.
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Note: F,/F, —maximum photochemical quantum yield of PSII ; gL—coefficient of photochemical fluorescence quenching

assuming; Y ( NPQ ) —quantum yield of light ( ApH and zeaxanthin-dependent) induced non-photochemical fluorescence

quenching; Y( I ) —actual photochemical quantum yield of PS I ; NPQ—stern-volmer type non-photochemical fluorescence

quenching; Y(NO)—Quantum yield of non-light induced non-photochemical fluorescence quenching. The same below.
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Fig.2  Chlorophyll fluorescence parameters of wheat under different preceding crops treatment
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Table 3 F value of two—factor variance analysis of the chlorophyll fluorescence parameters under different preceding crops treatment

H# Factor F./F, Y(11) qL NPQ Y(NPQ) Y(NO)

B IERR . . '
Modified model 2.57 2.16 3.54 1.779 1.16 3.81

U Intercept 12950.67 " * 917.02" * 728.10" " 873.18" * 1334.19" " 3008.95" *

FFAE 5 i) . . . .

Time after flowering( A) 3.69 5.94 11.22 1.11 1.68 5.77
AbFE Treatments(B) 2.00 1.14 0.16 0.77 0.63 1.39
AxB 2.17 0.50 0.49 2.32 0.99 3.42
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Note: D—the part of absorption light energy which lost through
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PSII antenna pigment; P—actual photochemical quantum yield of
PSII ; E—the part of absorption light energy which cannot enter the
photochemical process and cannot be lost through the antenna pig-
ment.
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Fig.3 Leaf energy conversion of wheat under

different preceding crops treatment
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Fig.4 Leaf photoreaction curve of wheat under different preceding crops treatment
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Table 4 ETR,, , maximum photosynthetic efficiency (o) and semi-light saturation
point (k) of wheat under different preceding crops treatment
GLoN sl 2P iy WA TS it
Index Treatment Booting stage Heading stage Blooming stage ~ Middle filling stage Wax maturity stage
= i C-C-W 174.53+3.54 338.4+£57.53 317+85.95 134.17+42.74 142.97+38.31
IS UNGER R ou U ES .
ETR. /(pmol m™ - s™) CK 167.77+41.62 248.23+4.32 351.65+135.55 126.9+29 105.27+17.6
W-C-W 189.6+7.64 251.8+2.35 235.27+189.43  167.65+40.09 115.2+27.01
o A TR R AR AR C-C-W 0.28+0.01 0.260.06 0.24+0.02 0.24+0.08 0.31+0.02
N = NN
HHTRAN D)&.K CK 0.23+0.05 0.24+0.01 0.24+0.05 0.29+0.06 0.27+0.04
Electrons/photons maximum
photosynthetic efficiency W-C-W 0.24+0.04 0.25+0.01 0.27+0.08 0.27+0.03 0.29+0.03
Ik BUME RO CEMFDER)  C-C-W 616.93:16.2  1408.53546.94 1351.67+423.25  595.07+227.05  463.67+125.47
Minimum saturating irradiance CK 749.7+219.64 1025+46.26 1494+374.2 453.83+149.49 396.83+21.31
/(pumol m* - s7") W-C-W 786.4+92.63 1002.67+28.19  1054.07+1096.33 621+77.78 395.13+53.59
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Fig.5 Physiological parameters of wheat under different preceding crops treatment
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Table 5  Dry matter fitting parameters of wheat under different preceding crops treatment
TR gwpn  pamw OO
ASASIR  BURMSKECA BURIEREDON D fs s BRI
b HCRECR KRR Maxioan  PRER TR R Dy mater
- AL a b Correlation Time of maximum accumulation ~ Dry mass at R, p ne SFa]l:tmfg ] n]' m‘mf o accumulation
Treatment index rate of dry matter rate R, W, e o |n'e o e . during ¢, =2,
accumulation o R accumulation  accumulation W oW
acc;mu/ad /(g - b= = ™)/ (kg - hm™) 1/d 1,/d o
/ (kg - hm™)
CK 23589.38 4.166099 —0.08133  0.995" * 51 479.65 11794.69 35.03 67.41 6805.54
C-C-W 229447 5.100346 —0.09918 0.9874" * 51 568.90 11472.35 38.15 64.70 6619.55
W-C-W 25895.59 3.731664 -0.07018 0.9804 * * 53 454.33 12947.79 34.40 71.94 7470.88
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Fig.6  Canopy parameters of wheat under different preceding crops treatment
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Table 6  F value of two-factor variance analysis of dry
matter weight and canopy parameters of wheat
under different preceding crops treatment

e FomfREE mfl |EE FEnt
¥, '/l\ Dry matter Ei=r 14 bidics 1B
actor weight LAl DIFN  MTA
fEIEARRY . s s
Modified model 17.87 10.13 11.91 246
R Intercept 1731.62* * 496648 * 778.70* * 18300.75* *
FFE)G KA ‘s
Days affer flowering( A) 0.74 9.31 6.79 0.87
JEPE Treatments (B) 56.86 * 2753 % 378 476" "
AxB 0.34 1.54 2.11 1.51
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Table 7 Wheat yield traits of different preceding crops treatment

WA (10° B - hm™?)  TRIE g
b FR Number of harvested Thousand YiPlfi
Treatment panicles seed /(K /h 2
/(10* panicle + hm™2) weight/g g m
CK 459.11+8.67a 42.76+1.00a  8085+23.71a
C-C-W 539.42+10.69b 36.29+£1.05b 7605+114.53b
W-C-W 448.51+9.68a 42.47+0.80a  8925+84.29¢
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