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Influence of different control measures of continuous cropping obstacle on
morphological and physiological characteristics of cotton roots in Xinjiang*

ZHANG Zhiyong', DONG Xiuxiu', WANG Shaoming"’ & PU Xiaozhen"*"
" College of Life Sciences, Shihezi University, Shihezi 832003, China
? Pharmacy School, Shihezi University/Key Laboratory of Xinjiang Phytomedicine Resource and Utilization, Ministry of Education, Shihezi 832003, China

Abgimee  The aim of this study was to investigate the changes in morphological and physiological characteristics of
cotton roots under different control measures of continuous cropping obstacle. The effects of four control measures on the
physiological and biochemical patterns, growth patterns, and soil nutrients of cotton roots in Xinjiang during the flowering
stage were studied with pot experiments. The four controlled measures were: addition of biochar (BF), application of organic
fertilizer (MF), application of sulfur fertilizer (SF), and crop rotation (CR). The effects of the different reduction measures
on cotton roots and soil characteristics were significantly different (P < 0.05). The biochar addition increased the soil pH and
the available soil potassium by 62.48%. However, it decreased the available phosphorus and cotton root activity, as well as
root length and average diameter. Crop rotation increased soil organic matter, total nitrogen, and alkali nitrogen content. The
proportions were 31.79%, 40.28%, and 32.43%, respectively. It reduced the content of available soil phosphorus and potassium.
It also decreased the accumulation of malondialdehyde in the roots. Furthermore, the root length (L), root surface area (A),
root length density (RLD), and specific root length (SRL) had maximal value. The application of organic fertilizer significantly
increased the available potassium and phosphorus in the soil by 53.75% and 16.75%, respectively. Root diameter increased
significantly, which increased the contact area between roots and the soil and facilitated the absorption of heterogeneous
nutrients under mulched drip irrigation. The application of sulphur fertilizer in this study had no significant improvement in
soil nutrients, and physiological activity and development of cotton roots (P < 0.05), further resulted in smallest root-shoot
ratio (0.499), which was not beneficial to the growth and development of cotton roots, as well as the absorption of water and
nutrients. In conclusion, adding biochar, applying organic fertilizer, and practicing crop rotation can improve the function of
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the root system. These measures affect the root morphology or physiological characteristics; thus, soil nutrients can be used

more efficiently by cotton. Consequently, the effective management measures for sustainable green agriculture in the studied

region were: biochar addition (BF), organic fertilizer application (MF), and crop rotation (CR).
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Table 1 Effects of different reduction measures on soil nutrients (mean + SE)

. B WA Y R 2 G Iy
Treatment Organic matt_?r Avail. N_] Total Nl Avail. P_1 Total PI Avail. K_1 Total K1 pH
(OM, wigkg") (wmgkg™) (wigkg?) (wimg kg™) (wigkg) (wimg kg™ (wigkg)

BF 19.974 +1.843ab 71750 £4.630b  0.831 = 0.019b 8.698 + 0.253¢ 1.123+£0.013a  48.628 £0.337a  31.346 £ 0.386c  8.19 + 0.009a
MF 16.732 £ 0.406c  66.500 = 1.750b  0.870 £ 0.022b  12.164 + 0.429a 1.244 £0.066a  46.017 +0.115b  33.710 £ 0.685b  7.92 + 0.004c
SF 15.811 £0.382¢  68.250+£2.021b  0.772 £ 0.014b 8.680 +0.323¢ 1.186 +£0.027a  31.423 £0.264c  35.743 £ 0.726ab 7.93 + 0.007¢c
CR 22.737 £0.040a 85.750 £2.021a  1.083 +0.061a 8.540 + 0.345¢ 1.223 £ 0.025a  24.577+0.134d  37.037 +£0.630a  8.06 = 0.010b
CK 17.253 +£0.905bc  63.417+1.333b  0.772+0.010b  10.419 + 0.243b 1.131 £ 0.026a  29.929 + 1.134c  35.634 + 0.945ab 7.96 + 0.003¢

BF: #SinA=4y5¢; MF: it AT HLHL; SF: M JHAL ; CR: $e4F; CK: XM (GEAF) . a b, oo dR/RAAL B2 0] 22 5 i 25 (P < 0.05); AIR) 57 Bk 2 m i b

B2 o) 2% SN

BF: Adding biochar; MF: Manure fertilizer; SF: Sulfur fertilizer; CR: Crop rotation; CK: Control. a, b, ¢ and d denote significant difference between treatments
(P < 0.05); the same letters denote insignificant difference between the two treatments.
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b, c, dFERA I 2 0] 25 5 535 (P <0.05) 5 FH R0k 3675 9 b B 22 i) 25 S R b 35
Fig. 1 Effect of different reduction measures on root physiological characteristics (mean + SE). BF: Adding biochar; MF: Manure fertilizer; SF: Sulfur
fertilizer; CR: Crop rotation; CK: Control. a, b, ¢ and d denote significant difference between treatments (P < 0.05); the same letters denote insignificant

difference between the two treatments.

R2 FEHBBEETHREREZN (FHELREIRE)

Table 2 Changes of cotton root morphological characteristics under different reduction measures (mean + SE)

o 0 AR HRA 2% o .. Fe R AR HLV
Ak 3 RIS I Rootaverage  Root length HRA B N LRI Specific surface  Root tissue
T Length Surface area . . Root volume  Specific root length .
reatment (L/em) (Afem?) diameter density (Viem’) (SRL/cm g area mass densngf
(RD/mm)  (RLD/cm cm™) g (SSA/em’ g')  (TMDr/gcem”)
BF 41898.62 +205.068a  5407.27 + 101.494a 10.39 + 0.369a 749.68 +21.441b 55.99 + 1.838ab 3109.06 + 33.726a  401.08 +2.596a  0.24 + 0.004c

MF

40180.13 +1992.122ab 5489.59 + 191.886a 9.84 = 0.240a 674.75 +20.512¢c 59.48 + 1.213a  2647.27 + 187.937ab 361.45 +20.323ab 0.26 + 0.011b

SF 39578.44 + 4274.900ab 5099.80 + 582.607ab 10.07 + 1.162a  757.10 + 11.246b 52.45 + 6.308ab 2692.57 + 343.824ab 347.00 + 46.236ab 0.29 £ 0.017ab

CR
CK

46287.98 + 1748.841la  5632.63 +252.885a 8.84 £ 0.383ab846.46 + 12.374a 54.77 + 2.844ab 3179.40 + 124.587a 386.90 £ 17.929a 0.27 £ 0.015b
31664.23 £ 3391.946b  4114.37 £400.780b 7.49 +0.799b 719.04 + 26.300bc 43.95 +3.872b  2182.96 + 329.593b 283.41 +40.084b 0.32+0.011a

BF: W InAEY) e ; MF: Jiti 1A HLAC; SF: Jiti AR AL ; CR: %84F; CK: XTHR (#4FE) . a. b, o, ARSI A 24 7 8.3 (P < 0.05) 5 M FHE R R PIiL

P2 0] 28 AN 2

BF: Adding biochar; MF: Manure fertilizer; SF: Sulfur fertilizer; CR: Crop rotation; CK: Control. a, b, ¢ and d denote significant difference between treatments
(P < 0.05); the same letters denote insignificant difference between the two treatments.
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KF. HHEpH SR R IE A Z [0 JC W E M S k.

24 AEVERFERE TRETYRRMRENZTHL
FESHE IR T AN [ VA e X AR AT R A R . 5

X HRA L, BN AR My ¢ J5 AR AL M 3504 1T 8 W R AIG, (HAR
R T HAMRAEAR T L IC R0 5 it B 6 05 AR AL b 34 T
S E RN, MR IRE R AR 5 it AT LA AR 1 Ah BE G AR AE AR 2
T b BT DL AR T L34 0 W R . Ak, it A
HHLIE G A A B KR R T8 (15225 g) , A4 e f
it FH R B 43 5904 e K (0.753) Fildge /s (0.499) AR 7 [

© WSS

3.1 AEHIBIE bE X AR E L R S B R

VS TN A= it A AL RS R A 0 PR A S A S A
TG R b, BERS AT ROk R SR 0y, WO A R i A
R Ot T 3 R Y. SR A0 A R R
WA R T B E R AR, BSINAEY) 5 J  ROE
R E N, ATRER SR R S B BTG (237 g/
kg) , it R #5857 HIEXT S B2 sh T R AW RE ST dS A
B Je A B R AT, 35S [ 00 T ) R S A R S AN
[l 2. AT rp 2R Al A Rl 5 B IR (3.41 mg/kg)
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RI TEFLERERREBFENHEXRY

Table 3 Correlation of cotton root physiological characteristics with soil nutrients

A5 LW R Z MDA & AR R R A I it AR A I P 45 L
Factor Root vigor Malondialdehyde content in roots Nirate reductase activity Glutamine synthetase activity
THEAH LT OM -0.031 -0.101 0.315 0.418
A0 % A Avail. N -0.372 0.166 0.567" 0.335
+ A7 W Avail. P -0.240 0.059 -0.038 0.233
1A Avail. K 0.738" -0.667" -0.398 0.371
LR Soil pH 0.700" -0.623" 0.310 -0.146
* P<0.05; ** P<0.01.
R4 TEFSERERRLSHEXRY
Table 4 Correlation of cotton root morphological characteristics with soil nutrients
o4 4 1 PR I AR A 2% T AR FESTEA WL
F&IT I‘:EE Surface Root average Root length Rﬁ ?‘ﬁlﬁ" Specific root  Specific surface  Root tissue mass
actor eng area diameter (RD)  density (RLD) ootvolume length (SRL) area (SSA) density (TMDr)
HHEAHLE OM 0.500 0.344 0.013 0.659: 0.146 0.517° 0.394 -0.264
TIEBUE A Avail. N 0.466 0.300 -0.121 0.663 0.108 0.371 0.231 -0.088
L HEH R Avail. P -0.276 -0.077 -0.046 -0.677, 0.127 -0.354 -0.200 -0.019
FHEHALE Avail. K 0.004 0.203 0.450 -0.595 0.391 0.073 0.246 -0.389
+ IR JE Soil pH 0.359 0.281 0.198 0.338 0.184 0.509 0.460 -0.382

* P <0.05;** P<0.01

x5 FRIEBAENBETWRMBNZ MW (FHERERE)
Table 5 Effect of different reduction measures on dry matter
accumulation of cotton (mean + SE)

A I T 3 1 o AT Al A A T o 1 T PR AR 4
TERT 5 B 76 - M A FE /R T s RO o 1A A b /s L3y
RS FIE AR 7 2 T v Y, S A A A

ATE b bR ] e
Tréi;ient Dry *\Eeiggi(%]root Dr;‘wezh}t}oqus%oot The r:tﬁi;ﬂf)f root to g JE %l!fq] /a\ i E’J 5 ﬂr”] Ej %’ﬁzﬂz % Ef%:‘ ‘@ i j:ig % Pl ﬁ fﬁ jiﬂ\é
(w/g plant™) (w/g plant™) shoot
BF 13.481 £ 0.204b 18.022 £ 0.121c 0.753 £ 0.036a A . .
MF 15.225 +0.332a 25718 +0.59ab  0.610+0.044ab 3.2 AEIHIBIEHEXT R AR R H 220
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