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Abstract

[ Objective ] Aiming at the low utilization rate of excessive phosphorus fertilizer input in cotton
fields in Xinjiang and the imbalance between supply and demand of phosphorus fertilizer at different
growth stages of cotton, we explored the mechanism and possible ways to improve the canopy
microenvironment and enhance the productivity of the canopy through the optimization of phosphorus
fertilizer transportation, and then realized the simultaneous improvement of cotton yield and phosphorus
fertilizer utilization efficiency, which provided references and bases for the reasonable application of
phosphorus fertilizers and the construction of high-efficiency groups for drip-irrigated cotton fields.

[ Methods ] In this study, Xinshi K18 was used as the experimental material, and a two-factor
split-area experimental design was adopted, with three phosphorus (P,Os) application levels in the main
area: low phosphorus (P1, 50 kg-hm2), medium phosphorus (P2, 100 kg-hm2), and high phosphorus (P3,
150 kg-hm?), and two phosphorus fertilizer drip application ratios in the subarea: front-light and
back-heavy (M1, 30% pre-bud drop + 70% flower bolling drop), front-heavy and back-light (M2, 70%
pre-bud drop + 30% flower bolling drop). Through systematic determination of canopy
microenvironment, agronomic traits and canopy structure during the key reproductive period of cotton,
we carried out research on the effect of phosphorus fertilizer transportation on the characteristics of
drip-irrigated cotton populations and yield formation. The main results are as follows:

[ Results] (1) Phosphorus fertilizer transport has a role in improving canopy microenvironment and
regulating cotton plant size. Canopy temperature was highest in M2 from boll to fluffing under different
levels of phosphorus application. Canopy humidity, canopy photosynthetically active radiation
absorption rate and canopy CO> concentration were all optimized in M1 during the period from boll to
fluffing, and they increased and then decreased with increasing phosphorus application levels. Plant
height, stem diameter, inverted leaf width, number of fruiting branches and number of buds and bells
were all highest in M1 at all phosphorus application levels. In addition, the number of buds and bolls
increased significantly by 12.8%-29.1% in P2MI1 treatment compared with the rest of the treatments
during the flocculation period. (2) Phosphorus fertilization can regulate the canopy structure and
photosynthetic rate of cotton. The leaf area index, leaf inclination angle and cotton photosynthetic rate of
M1 increased by 3.7%, 0.7% and 4.1% compared with that of M2 at all levels of phosphorus application,
and the LAI and population photosynthetic rate of P2 increased by 12.1%, 4.5%, 11.7% and 5.6%
compared with that of P1 and P3, respectively, at different levels of phosphorus application at boll stage.
In addition, leaf area index and cotton photosynthetic rate were significantly increased by 6.6% to 16.4%
and 4.0% to 15.2% in P2M1 treatment compared with the rest of the treatments at the full-bell stage. (3)
Phosphorus fertilization can improve cotton production potential. The dry matter of M1 increased by

4.0% compared with that of M2 at each phosphorus application level, and the dry matter of P2M1



treatment was the highest at the boll stage. Crop growth rate and boll growth rate were higher in M1 than
in M2 at all levels of phosphorus application, and single boll weight and number of bolls per unit area
increased by 2.7% and 1.5% in M1 compared with M2 at all levels of phosphorus application. Single boll
weight and number of bolls per unit area increased by 1.7%, 0.6%, 4.1% and 2.4% in P2 compared with
P1 and P3 at different phosphorus application levels, and the seed cotton yield of the P2M1 treatment
was increased by 2.1%-7.4% compared with the rest of the treatments. Phosphorus fertilizer bias
productivity and agronomic efficiency of different phosphorus application levels M1 were 1.8% and
16.9% higher than M2, respectively. In addition, canopy CO; concentration, canopy humidity, canopy
photosynthetically active radiation, leaf area index, leaf inclination angle, and population photosynthetic
rate were positively correlated with yield and its components during the fluffing period.

[ Conclusion] Medium phosphorus (P2, 100 kg-hm?) level and combined with the light before
and heavy after (M1) drip application, is conducive to the creation of a suitable cotton canopy
temperature and humidity, CO, concentration, photosynthetically active radiation, to enhance the
photosynthetic production capacity of the population, to promote the distribution of dry matter to the
reproductive organs, the number of bolls per unit area and the weight of each boll can be increased, and
ultimately the final yield of cotton reached 7078.0 kg-hm™, the phosphorus fertilizer agronomic
utilization efficiency reached 10.0 kg-kg'. The final seed cotton yield reached 7078.0 kg-hm?, and the
agronomic efficiency of phosphorus fertilizer reached 10.0 kg-hm™. Therefore, under the condition of
water-fertilizer integration of drip irrigation under the membrane, the phosphorus fertilizer transportation
mode of selecting the phosphorus application level of 100 kg-hm™ and applying phosphorus by 30% drip
application before the bud stage and 70% drip application during the boll stage was beneficial to the
construction of a high light efficiency group, and realized t the goal of efficient and sustainable
production of cotton in arid zones.

Key words: cotton; Phosphate fertilizer operation and development; Canopy microenvironment; Canopy
structure; Material production

Type of thesis: B (Applied research)
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MR F B D EZERZR (XEE2%E, 2019) o H AiH7TEEM A e ~r2%5 &
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RMEIARZ, &RARIEE E IO FTA T4, ki B 18 7= B ANk AR 243
CENI, 2016; HFHEE, 20200 o (HITHER, FEE B T RESORIHE, BEILK
Jite FH 7 X P 22 e 1) it A, KV PE B R RE 08 O A AT 48 T AR K AR A TR AL
WA T BERAE — MR N 3 S SR URTR B, [N BA AT S 2 e R A v Tl ) A1
B BEVR DB IEAE LI (K [E 2 ( Meyer et al,, 2018; JT K%, 20200 . WFRKRIE
WAL AR 43 203 it 1ol AL R 8 169 AV A6 1 PR A% B R PR A7 T AR AR B0, (RTINS T8 4675 1.
B BRI 221 43 i Bt R — B e % B T N e A A i, ELBR R — o IR
Tt it B 0% B E SRR AL R B (BRRANSE, 2008 FRIEIREE, 20105 S114E, 2020).
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FEAE B R 0% O AR AL AR K 75 0 5K 4 OB, g T R AR AL AR K # (Wang et al,,
2021) o ZKAE—ARALIR S RENS S A R AR AEK 7 57700 T oK, (REEMRAEr . 25T
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